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FOREWORD
 

This feasibility study was conducted jointly by researchers from the
 
Malian Institute of Rural Economy (IER) and the Department of
 
Agricultural Economics of Michigan State University (MSU), with funding

provided by the U.S. Agency for International Development under the Food
 
Security in Africa Cooperative Agreement between MSU and USAID (No.

DAN-1190-A-O0-4092-O0). This cooperative agreement is financed by

USAID's Bureau of Science and Technology and Africa Bureau, with
 
additional funding in Mali provided by the local USAID mission. The
 
agreement aims to identify both country-specific and more general

elements of food security problems in the different sub-regions of the
 
African continent, through comparative analysis of the food and
 
agriculture sectors of a number of African countries.
 

One of the Mali components of the second phase of this cooperative
 
agreement is an economic study of farming systems research in the Fifth
 
Region of Mali. Specifically, the study aims to establish the
 
feasibility of expanding the work of the Farming Systems Research
 
Division of the Institut d'Economie Rurale (DRSPR-IER) to the Fifth
 
Regicq.
 

The present document is the final report of the feasibility study.

The study on which the report is based was conducted inMali over a
 
period of 18 months, from June 1987 to December 1988. lhe original

version of the final report was submitted in French in December 1988 and
 
benefitted from numerous helpful comments on the part of the IER
 
director and staff members and of USAID/Mali staff members. The
 
original version was translated into English on the MSU campus while the
 
economic analysis of this report was substantially revised in April and
 
May 1989. The revised version is submitted herein. A revised French
 
version is also available either from USAID/Mali or:
 

PPC/CDIE/DI
 
209 SA-18
 
US Agency for International Development
 
Washington, DC 20523, USA
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FEASIBILITY STUDY OF THE EXPANSION
 
OF THE FARMING SYSTEMS RESEARCH DIVISION
 

INTO THE FIFTH REGION OF MALI
 

EXECUTIVE SUMMARY AND RECOMMENDATIONS
 

EXECUTIVE SUMMARY
 

Systems research in Mali was institutionalized in 1979 by the
 
creation of the Farming Systems Research Division (DRSPR) within the
 
Institute of Rural Economy (IER). The institute has gradually attracted
 
sizeable amounts of external funding. It became clear to the United
 
States Agency for International Development (USAID) that the
 
technologies extended by the Op6rations de Ddveloppement Rural (ODR)
 
were often inappropriate to the agro-climatic and socio-economic
 
constraints of farmers, and that the resulbs of station research needed
 
to be adapted to their specific circumstances. For this reason, in
 
1985, USAID proposed to IER a program of finance and technical
 
assistance over a ten-year period. The objectives of the program were
 
to provide institutional support to IER in order to develop technologies

appropriate to the needs and environments of Malian farmers, and promote

their effective transfer.
 

For the first phase of this program, USAID proposed supporting the
 
IER farming systems research division (DRSPR) in expanding its
 
activities from the Compagnie Malienne Des Textiles (CMDT) zone to the
 
Opdration Haute Vall6e (OHV) zone. It was envisaged that the second
 
phase of this program would see an expansion of the DRSPR to the Fifth
 
Region (Mopti region). However, as the agro-climatic, socio-economic
 
and institutional constraints appeared more binding in the Fifth Region

than in the OHV zone, the need for an economic analysis to establish the
 
feasibility of this expansion was indicated. Furthermore, in order to
 
avoid putting in place a research structure that would be too burdensome
 
for the Malian government to sustain after financial and technical
 
support from USAID terminated, the decision to support the expansion of
 
the DRSPR would also be made taking into account IER's capability to
 
follow through the research activities of the DRSPR.
 

Four keys factors that would influence the success of the DRSPR in
 
the Fifth Region have been initially identified in the report. The
 
first factor is the small stock of available technologies at station
 
level from which the DRSPR can draw with a view to adapting and
 
transferring them to producers in the Fifth Region. However, it is
 
reasonable to hope that this stock of technologies appropriate to the
 
agroclimatic conditions of the Fifth Region will increase in the course
 
of the next decade.
 

The second factor is the low level of development of infrastructure
 
and institutions in the Fifth Region. This low level of development

further reduces the stock of technologies appropriate not only to the
 
agroclimatic conditions of the Fifth Region, but also to the socio­
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economic and institutional conditions which producers in the Fifth
 
Region experience. Systems research can also serve as a source of
 
information and proposals for guiding the reforms necessary in the Fifth
 
Region.
 

The third factor concerns coordination between commodity and
 
systems research. In this regard, the structure of research, i.e., its
 
organigram, and the formal and informal opportunities for meeting
 
between station and systems team researchers, are important elements to
 
consider inorder that the systems research, with the support of
 
commodity research, can have an impact on the productivity of natural
 
resources.
 

Finally, the fourth important factor is the productivity of the
 
research team, on which the results of systems research largely result.
 
The two systems research teams which have worked in a zone of Mali more
 
favorable than the Fifth Region took 3 to 7 years in order to obtain
 
results ready for extension.
 

In addition to these four key factors that would influence the
 
success of the DRSPR inthe Fifth Region, the production potential of
 
the Fifth Region is also critical to the economic results of the
 
expansion of the DRSPR into the Fifth Region. It is generally
 
recognized that the Fifth Region has vast production potential.
 
According to a study financed by the World Bank (Stryker et al., 1987),
 
the comparative advantage (activities inwhich Mali enjoys relatively
 
higher productivity than for other domestic activities) lies with cotton
 
and livestock for export on the one hand, and rice and cereals for
 
consumption in the producing areas on the other hand. Apart from
 
cotton, the other three (livestock, rice and cereals) are activities in
 
which the Fifth Region partakes. According to the National Bureau of
 
Statistics (DNSI), the Fifth Region's contribution to national
 
production during the last decade averaged 23% for cattle, 20% for small
 
ruminants, 16% for cereals and 26% for rice. More seriously affected by
 
the droughts in recent decades than southern regions, the Fifth Region
 
has seen its contribution to most of the activities for which it held a
 
winning hand decline. The constraints to production in the Fifth Region
 
are daunting. Can systems research contribute to the alleviation of
 
these constraints to the region's production? Such was the question
 
that confronted this feasibility study.
 

Inorder to answer this question, and in particular to establish
 
the return to investment insystems research in the Fifth Region, the
 
feasibility study undertook the following five steps:
 

1) 	identification of homogeneous agro-climatic zones;
 

2) identification and understanding of the major farming systems
 
of the Fifth Region;
 

3) 	identification of the major constraints to production of these
 
farming systems;
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4) 	identification of the potential contribution of systems
 
research to increased productivity of these farming systems;
 

5) 	economic evaluation of the contribution of systems research to
 
increased productivity of these farming systems.
 

These steps have been carried out by means of formal and informal
 
surveys, analysis of secondary data sources and interviews with key

research personnel and agents of the rural community services (ODRs,

BNDA, DNACOOP, SMECMA, SMPC, SONAREM, etc.). Because of inadequate

personnel resources in relation to the complexity and diversity of
 
farming systems in the Fifth Region, formal surveys that would have
 
permitted better verification and refinement of a number of research
 
hypotheses could not be carried out for all of the numerous farming
 
systems. Moreover, the formal surveys that were implemented were
 
incomplete in the sense that they were designed to identify mainly the
 
bio-physical and technical constraints of production at the farm level
 
while other type of constraints exist at higher levels. These gaps have
 
been partially overcome by asking ODEM to study the constraints and
 
priorities for intervention and applied research in the Fifth Region

livestock sector (Diakite and Keita, 1988), and exhaustively reviewing
 
available documentation.
 

Work in the Fifth Region began with the identification of
 
homogeneous agro-climatic zones in order to take account of the effects
 
of agro-climatic variables on the development of farming systems. This
 
also facilitated the delineation of farming systems. Three broad
 
natural zones have been distinguished: the Delta, the Seno and South-

Gourma, and the Bandiagara plateau. The Delta comprises four agro­
climatic zones and the Seno, South-Gourma and the Bandiagara plateau
 
comprise seven. Only three of these seven zones were included in the
 
study, principally on account of their importance in terms of
 
population, area cultivated and production potential.
 

The principal farming systems of the Fifth Region have been
 
identified and geographically located according to agro-climatic zones.
 
The Delta comprises primarily a mixed farming system, a pastoral system
 
and 	fishing. Each of these systems has been sub-divided according to
 
their principal activities. The Seno, South-Gourma and the Bandiagara
 
plateau consist principally of a mixed farming system and a pastoral
 
system. These two systems have been further characterized according to
 
bio-physical factors, access to markets and iiput supply infrastructure,
 
and population pressure on arable land. The study of the principal
 
farming systems has revealed their diversity, complexity and fragility
 
in the face of often severe climatic conditions.
 

The principal constraints impinging on farming systems have been
 
classified according to whether they are caused by the physical and
 
biological environment or by the socio-economic, policy and
 
institutional environment. The principal constraints of the physical
 
and biological environment are the deterioration of rainfall and
 
hydrological regimes, poor soils, wind and water erosion, harmful
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insects, granivorous birds, weeds and parasitic diseases of animals.
 
The principal socio-economic constraints are the unfavorable ratio of
 
input to agricultural output prices, the thinness of agricultural
 
product and livestock markets, the population pressure on arable land
 
and the lack of investment opportunities besides livestock. The
 
principal institutional constraints are the inadequate input and
 
agricultural credit delivery systems for rainfed agriculture, the
 
isolation of production areas, the ambiguities of land tenure, the
 
limited techniques for water control and the insufficient livestock
 
support infrastructure. The principal policy constraints are the fiscal
 
and administrative charges (head and other taxes, marketing expenses,
 
customs duties) and the overvaluation of the CFA franc, which
 
discourages exports.
 

The contribution of the systems research to alleviating the effect
 
of these different constraints on production has been identified through
 
fifteen research themes. These fifteen themes constitute the plan of
 
research that has been suggested for the DRSPR in the Fifth Region. The
 
plan of research comprises studies relating to the marketing constraints
 
for inputs and agricultural products, focused surveys to get a better
 
understanding of certain constraints and the means of alleviating them,
 
tests of technology packages based on available or forthcoming results
 
from station research, and cooperative programs with commodity
 
researchers to identify technological solutions to certain agro-climatic
 
constraints. The fifteen themes of research are the following:
 

1. 	Study of input factor markets and agricultural credit;
 

2. 	 Study of agricultural product and livestock markets and
 
transactions;
 

3. 	 Intensification of millet-cowpea intercropping;
 

4. 	 Intensification of the sole millet-cowpea cropping pattern;
 

5. 	 Development of secondary and minor crops;
 

6. 	 Improvement of cropping methods;
 

7. 	 Integration of agriculture and animal husbandry;
 

8. 	 Study of cropping systems in the Delta;
 

9. 	Study of cropping systems in village irrigation areas;
 

10. 	 Evaluation of rice-sorghum intercropping in areas at risk for rice
 
cultivation in the Delta;
 

11. 	 Development of anti-erosion and agroforestry techniques;
 

12. 	 Improvement of storage and processing techniques for agricultural
 
products;
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13. Collection of local millet germ plasm;
 

14. Research on cropping systems practiced during flood recession;
 

15. Collection and selection of Oryza glaberrima rice varieties.
 

These fifteen research themes have taken into account both current
 
and expected technologies available to the on-going research. Each theme
 
has been expanded along the same outline and has contained four parts.

The first part has introduced the theme and given its context in Mali
 
and in the Fifth Region. The second part has identified and defined the
 
research objectives. The third part has presented the main elements
 
justifying each research theme. The information comprising the third
 
part had been either collected in formal and informal surveys and from
 
available documents, or had been compiled and analyzed from this data.
 
The fourth part has explained how the research team might approach the
 
topic more concretely and has indicated either qualitatively or
 
quantitatively (depending on the available data) the expected results.
 

It is important to indicate that these research themes do not seek
 
only technical solutions for the production constraints of farming
 
systems. In order to address the socio-economic, institutional and
 
policy constraints, technological solutions are insufficient. Systems
 
research, in order to have an impact on production, should also identify
 
and propose economic, institutional and policy measures.
 

The fifteen research themes proposed have been organized in a
 
research program of nine years duration, including the period for
 
construction and installation of the DRSPR research unit in Mopti.
 
Considering the experience gained by the two oldest research units of
 
the DRSPR in systems research (the Fonsebougou Section and Bougouni-

Sikasso Section), the research program has been planned on the basis of
 
three years of testing and three years of pilot extensiun for the
 
majority of research themes. In order to conduct these fifteen research
 
themes, the research team will probably need to be strengthened
 
somewhat, particularly if the market studies confirm that the proposed
 
research themes are justified.
 

This report repeatedly underlines the type of approach that systems

research ought to take in the Fifth Region. Two pillars support this
 
apprcach. The first pillar is an awareness of the importance of the
 
macroeconomic environment to farming systems. The second pillar is the
 
coordination of DRSPR activities with those of crop and livestock
 
disciplinary research, the Operations de Ddveloppement Rural and
 
institutions responsible for cereals policy, credit, etc. For example,
 
as few appropriate technologies are currently available from station
 
research, it is important that systenis research provide effective
 
guidance to station research programs. It is also important that
 
systems research show decision makers (whether at the level of regional
 
administrative authorities, the Ministry of Agriculture, the Ministry of
 
Finance, etc.) the impact of their decisions on the productivity of
 
farming systems and the limits to technological research possibilities.
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The research program has been evaluated first through a financial
 
analysis of four technical packages, which have brought together the
 
results of eight research themes; and second through an economic
 
analysis of the expansion of the DRSPR based on the economic results of
 
the four technical packages. The four technical packages that have been
 
included in the financial and economic analysis of the expansion of the
 
DRSPR in the Fifth Region, were the following:
 

- millet-cowpea intercropping; 

- sole millet and cowpea cropping pattern; 

- groundnut-millet-groundnut rotation; 

- sesame cultivation. 

Because only eight of the fifteen research themes have been
 
included in the four technical packages used for the economic analysis,

the economic evaluation of the expansion of the DRSPR is, consequently,
 
a partial evaluation. However, because it has been anticipated that the
 
most rapid and concrete results will arise from the introduction and
 
transfer of these four technical packages, the evaluation reflects the
 
earliest results to be expected despite being partial in nature. It is
 
these early results that have the most influence on the economic value
 
of the expansion of the DRSPR due to discounting of costs and returns.
 
Also, these four technical packages were put together on the basis of
 
the most reliable technical data and are relevant to the largest

recommendation domains.
 

Although these four packages all relate to rainfed agriculture, the
 
evaluation team did not mean to suggest that systems research in the
 
Fifth Region should focus uniquely on rainfed agriculture. The
 
importance and the opportunity that the research themes not included in
 
the technical packages and, consequently, in the economic analysis
 
represent, have been discussed in Chapter IV. Despite the fact that
 
these themes did not easily lend themselves to economic evaluation
 
because of lack of reliable data, the benefits of these themes should
 
not be assumed to be zero. Rather, to the extent that one can expect
 
any return to the four technical packages for which quantitative

estimates are made, then the overall estimates of the project value that
 
is provided are underestimated.
 

The four technical packages were evaluated according to the
 
agroclimatic zone, the farming system and the level of technology of the
 
potential adopter. The financial analysis of the four technical
 
packages displays marginal rates of return estimated at between 14% and
 
269% depending on the specific package, agro-climatic zone and level of
 
technology of the eventual adopters. The marginal return per man day

ranks between 411 and 5679 CFA francs, a figure higher than the current
 
opportunity cost of labor. Financially, these technology packages are
 
very sensitive to 10% - 20% changes in yield or agricultural product

prices and to similar changes in costs of production.
 



ix
 

Estimated rates of adoption varied according to the technical
 
package, the agro-climatic zone, the farming system and level of
 
technology. The estimated net economic value of the project amounts to
 
US $ 648,000 (approximately 194 million F CFA) at an opportunity cost of
 
capital of 12%. The internal rate of return is estimated at 14%. The
 
economic value of the expansion of the DRSPR is, however, very sensitive
 
to variations inyields or prices of agricultural products, the time
 
needed to move from developing research themes to the extension stage,

the farm level production costs and the rate of adoption. Other
 
variables tested, specifically the adoption ceiling, the life of the
 
innovation, the success of systems research and the costs of the
 
project, have a smaller effect on the stability of the project's
 
economic value than the first four variables mentioned above. The
 
distribution of eventual benefits from the expansion of the DRSPR is
 
relatively even across the recummendation domains and across gender.
 

The principal finding of this economic analysis is the following.
 
If the DRSPR confines itself to adapting and transferring results
 
currently available from station research, and if it is only able to
 
render the socio-economic and institutional environment slightly more
 
favorable,,then the economic value of its expansion into the Fifth
 
Region would be small and fragile. However, in the longer term, it is
 
possible that the expansion of the DRSPR could have a larger impact if
 
it contributes effectively to the development of new technologies and to
 
the improvement of the socio-economic and institutional environment of
 
the Fifth Region.
 

Eleven recommendations are given below for the expansion of the
 
Farming Systems Research Division into the Fifth Region of Mali.
 

RECOMMENDATIONS
 

1. Because the Fifth Region has comparative advantage in
 
livestock for export and in rice and cereals for local consumption,
 
alleviating production constraints in these areas of comparative

advantage makes sense and should be encouraged. Other areas of
 
comparative advantage probably exist but have not been demonstrated in
 
the available literature. Such areas might be fisheries, legumes and
 
vegetables, in which the region has production potential. Therefore,
 
the comparative advantage of the region in fisheries, legumes and
 
vegetables should be assessed before investing resources in systems
 
research related to these three areas.
 

2. Because of the diversity, complexity and fragility of
 
farming systems in the Fifth Region, the farming systems research
 
approach is called for in order to confront the production constraints
 
experienced by these systems.
 

3. Significant increases in production from rainfed
 
agriculture can be expected rapidly (5 to 6 years) if systems research
 
adapts the results currently available, or available in the near future
 



x
 

(2 to 3 years), to the local agro-climatic, socio-economic and
 
institutional conditions. However, results that are available and
 
appropriate to the Fifth Region are limited in number and importance,
 
and all are to some degree subject to climatic hazards and market
 
constraints.
 

4. Because of the limitations to the feasibility study, and
 
also the lack of available research station results appropriate to the
 
Fifth Region, concrete and rapid results that systems research could
 
achieve in the areas of flooded agriculture, recession agriculture and
 
livestock have been less clearly established by this report. However,
 
as production in these three areas depends on a relatively more reliable
 
source of water, i.e., the Niger river and its tributaries, than rainfed
 
agriculture, it is expected that in the long term, successful commodity
 
and farming systems research related to these three areas would provide

higher and more stable increases in production than research confined to
 
rainfed agriculture, where production potential is more limited.
 

5. Because of the relatively low and unstable financial
 
profitability of the technical packages evaluated, systems research in
 
the Fifth Region should give attention to collecting sufficient
 
information to be able to improve the relevance to farmers of research
 
conducted on station or in village fields trials. Very close
 
coordination between systems and commodity research is an essential
 
activity for the development of appropriate technologies.
 

6. The profitability of the technical packaqes analyzed

depends heavily on the markets for inputs and agricultural products and
 
for credit. Systems research should therefore also concentrate on
 
identifying marketing and credit constraints with a view to suggesting
 
means of alleviating them, on developing technical packages which take
 
account of these constraints, and promoting cash crops.
 

7. In addition to market constraints, problems in the areas
 
of land tenure, fiscal policies and commercial arrangements are also
 
important in the Fifth Region. For this reason systems research should
 
establish effective coordination with agencies and decision makers
 
involved in these areas.
 

8. The results from systems research depend not only on 1)

the results obtained by commodity research, 2) the extent to which the
 
socio-economic and institutional environment facilitates the diffusion
 
of the technology packages doveloped, and 3) coordination between the
 
different agencies involved in rural areas, but also on the research
 
team. The level of motivation of this team is important for the
 
achievement of rapid and concrete results. Although the systems
 
approach is no longer novel to Mali, the lack of qualified staff for
 
carrying out in-depth analyses of the socio-economic, institutional and
 
political aspects of problems, and to propose realistic solutions,
 
should be noted.
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9. While the question of the financial and manpower
 
resources of IER has not been broached by this study, any decision to
 
expand the work of the DRSPR to the Fifth Region should take these
 
capabilities into account. The results of the current study of the
 
restructuring of agronomic andIlivestock research in Mali will help to
 
answer this important question . In case it is impossible for JER to
 
increase significantly its capabilities to conduct farming systems

research, two alternative options are offered. First, farming systems

research activities in the OHV section could be strengthened by

broadening the systems approach to include a study of market constraints
 
and encouraging stronger coordination between systems research on the
 
one hand, and commodity research, the agencies involved in rural areas
 
and decision makers on the other hand. Second, preliminary socio­
economic studies could be carried out in the Fifth Region to define with
 
more precision the input and output market constraints for agriculture,

livestock and fishery production. To be useful, these studies should
 
propose realistic measures or reforms to be made by decision makers and
 
the relevant authorities.
 

10. Other types of intervention in the Fifth Region could
 
also promote agricultural, livestock and fishery production. These
 
interventions would include:
 

- introduction of a fiscal reform to encourage commerce and 
investment, recognizing that this would encourage production in 
turn, 

- introduction of a commercial policy to stimulate exports in 
order that the region can realize the full benefits of its 
areas of comparative advantage, 

- introduction of a land tenure arrangement permitting a better 
allocation of natural resources (arable land, grazing and 
water), 

- encouragement of the private sector or support of 
nongovernmental organizations in order to supply the Fifth 
Region with agricultural inputs (pesticides, inorganic 
fertilizer and agricultural equipment), 

- support for the collection, evaluation and distribution of 
superior local varieties of millet and Oryza glaberrima rice, 

- investment in repair and expansion of the road network.
 

11. If,for the moment, IER and USAID decide that it is not
 
appropriate to expand the farming systems research division to the Fifth
 
Region, this feasibility study could be useful in orienting future
 

I/ Study sponsored by the World Bank and USAID with the technical
 

assistance of ISNAR.
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commodity research and making the approaches of rural institutions to
 
increase farm production more appropriate.
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I. INTRODUCTION.
 

A. FEASIBILITY STUDY OBJECTIVES.
 

The Institute of Rural Economy (IER) and the United States Agency

for International Development (USAID) are interested in the possibility

of expanding the work of the Farming Systems Research Division (DRSPR)
 
into the Fifth Region of Mali. Michigan State University (MSU) was
 
requested to carry out a feasibility study for this expansion of DRSPR
 
activities to the Fifth Region.
 

According to the terms of reference for the feasibility study, the
 
primary objective is "to provide an estimate of the investment costs of
 
an expansion of the Farming Systems Research Project (FSRP), and
 
expected benefits in the form of output growth and increased
 
productivity and incomes in the Fifth Region of Mali. Furthermore, the
 
study will also consider factors affecting the returns to agricultural

research in general, and the Mali FSR project in particular, such as
 
agricultural pricing policy, marketing, and the relationships between
 
technology and food security."
 

The study commenced on June 1987, with a budget of $230,000 and 
a
 
duration of 18 months. The study team consisted of an expatriate

agricultural economist, two IER researchers (one agricultural economist
 
and one agronomist) and an agronomy consultant. The study benefited
 
from the professional advice of two Michigan State University

profcssors, and intellectual and logistical support from IER and the
 
USAID mission in Bamako. Logistical support comprised one all-road
 
Toyota, 4 mobylettes, and an office equipped with micro-computer and
 
accessories. Four enumerators were employed for four months for a
 
formal survey in the Seno plain and Bandiagara plateau. A special study
 
on livestock in the Fifth Region was carried out by the director and the
 
deputy director of ODEM (the livestock extension service for the fifth
 
reqion) under the guidance of the evaluation team.
 

B. FEASIBILITY STUDY FRAMEWORK.
 

This feasibility study is one component of a larger project

undertaken by USAID over a 10 year period. This project officially
 
started in 1986 in order to help IER to expand and improve the
 
effectiveness of its far ing systems research program with a view to the
 
development and successful promotion of technologies appropriate to the
 
needs of farmers (AID, 1985, p.1).
 

Since 1986, USAID has contributed to the fitting out of the DRSPR's
 
Bamako offices, training for Malian researchers, and getting the
 
division's research activities off the ground in the second region, in
 
the Operation Haute Vallee zone (OHV). This is an Operation de
 
Developpement Rural (ODR) engaged in the promotion of husbandry methods
 
and the supply of agricultural inputs to farmers in the zone. USAID
 
also provides financial and technical assistance to this ODR.
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Prior to its present support for the DRSPR, USAID contributed to a
 
multilateral effort to undertake a farming systems research project
 
based at Sikasso and working in the area between Sikasso and Bougouni
 
(southern Mali). Support amounting to $250,000 over a 4 year period
 
provided for infrastructure costs, equipment, vehicle and support staff.
 
The Ford Foundation contributed $100,000, while the heaviest burden was
 
borne by the International Development Research Centre (IDRC Canada)
 
which provided for operational expenditures, research allowances for
 
four Malian researchers and the salaries of two expatriates, totalling
 
$418,000 for the first three years 1979-81 (Ariza-Nifo, 1980, p.2).
 

The Bougouni-Sikasso research team is currently located at
 
Bougouni. In order to cover its operational costs this team receives a
 
modest sum from IDRC (60 million CFA for the fourth phase: mid
 
1987-1989). The research team, all nationals, is composed of an animal
 
scientist (team leader), agronomist, sociologist and two agricultural
 
economists.
 

In 1979, another farming systems research project, financed by the
 
Dutch and Malian governments, and having begun in four study villages
 
around Fonsebougou (Sikasso region), was also integrated into the DRSPR.
 
Since then the project has been known as the Fonsebougou Section within
 
the DRSPR. This section is now in its third phase (1986-1989) with an
 
annual uperdting budget of CFA 200 million , and a team of 8 Malian and
 
8 expatriate researchers. The Section receives technical support from
 
the Royal Tropical Institute (IRRT, Amsterdam, The Netherlands) as well
 
as professional advice from the Center for Agro-biological Research
 
(CABO, Wageningen, The Netherlands).
 

The DRSPR consequently has three sections at present: the
 
Fonsebougou Section financed by the Dutch government since 1979, the
 
Bougouni-Sikasso Section financed by Canada since 1980, and the OHV
 
Section financed by USAID since 1986. The issue now is whether to open
 
a fourth section in the Fifth Region as a continuation of the research
 
program financed by USAID.
 

C. ORGANIZATION AND EXTENT OF THE REPORT.
 

This report is organized in five chapters. After the first
 
chapter, which constitutes the introduction to the report, the second
 
chapter presents the expected roles of the DRSPR in the Fifth Region,
 
and is composed of four sections, The first section briefly presents
 
the evolution of farming systems research in Mali. The second section
 
presents the roles of the DRSPR according to the agreement between the
 
IER and USAID. The systems approach is attractive, but achieving it
 
entails a number of difficulties. The third section underlines three
 

I/ equivalent to $85,700 per annum at 1$ = 280 F CFA. 

21 equivalent to $714,000 per annum at 1$ = 280 F CFA. 
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such difficulties encountered by the approach. More specifically, the
 
fourth section identifies four key factors affecting the success of the
 
systems approach in the Malian and Fifth Region contexts.
 

The third chapter presents the farming systems of the Fifth Region.
 
This chapter is also sub-divided into four sections. The first section
 
gives an overview of the Fifth Region. Because the farming systems are
 
heavily dependent on the agro-climatic environment, the second section
 
proposes an agro-ecological zoning of the Fifth Region. Following this,
 
the third section identifies and briefly describes the major farming
 
systems of the Fifth Region. The fourth section identifies the major
 
constraints of these farming systems.
 

The fourth chapter contains a proposed research program for the
 
DRSPR in the Fifth Region. The program takes account of both key
 
factors affecting the success of the DRSPR and the major production
 
constraints of the farming systems. The chapter's first section
 
presents the research themes; the second outlines the strategy and means
 
for carrying out the research program. The proposed timetable for
 
research activities is then given in the third section.
 

The fifth chapter evaluates the economic potential of the proposed
 
research program. After stating the assumptions for the financial and
 
economic evaluations in the first section, the second presents a
 
financial analysis of selected research themes presented in chapter IV.
 
The third section provides an economic analysis of expanding DRSPR's
 
work to the Fifth Region. As will become apparent, it is a partial
 
economic analysis, being limited to those themes which are amenable to
 
this type of analysis.
 

The summary of this feasibility study and the recommendations for
 
expanding DRSPR activities into the Fifth Region were presented above.
 

The observations, analyses and proposals presegted in this report
 
are the result of the following research activities :
 

- An examination of secondary data and information available on 
the Fifth Region of Mali in general and on technologies 
promoted by Operations de Developpement Rural (ODR) and 
developed through station research in particular. 

- Reconnaissance surveys in the major zones of the Fifth Region 
(Seno plain, Bandiagara plateau, and the Delta). These
 
reconnaissance surveys are based on interviews with
 
development staff of the ODR (OMM, ORM, ODEM, and OPM),
 
researchers at the agronomic research stations (Cinzana, Mopti

and Koporo), the NGOs active in the region (Catholic Mission,
 
IUCN, Save the Children, CARE, OXFAM, AEDES, VSF), local
 

3/ The acronyms used in this section are defined in the first
 
pages of this report.
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government, Co-operative Action, Water and Forests, development
 
projects (GTZ and EDF) and rural producers (farmers, livestock
 
breeders, and fishermen).
 

Preliminary study of data from a formal survey carried out in
 
the Seno plain and Bandiagara plateau (a sample of 316 farm
 
households from 34 villages).
 

Direct contact witn technicians from the Fonsebougou Section,
 
the Bougouni-Sikasso Section, the OHV Section and the CMDT.
 

Discussions with staff of the SRCVO of IER, the Improved Seed
 
Production Program (OPSS), ICRISAT, SAFGRAD, USAID, input
 
distribution companies and the BNDA.
 

Information relating to the Seno plain and the Bandiagara plateau
 
has already been presented and analyzed in a working document entitled
 
"Results of a Preliminary Survey in the Fifth Region of Mali. I. The
 
Seno Plain and the Bandiagara Plateau". Three information notes have
 
treated specific subjects. The first information note entitled "Etude
 
de la Traction Animale dans le Seno" has been written on animal traction
 
in the Seno plain. The second note entitled "Les Principaux R6sultats
 
de la Recherche sur les Cultures Associ6es Mil-Nieb6 au Mali" has been
 
written on the research results on millet and cowpea intercropping. A
 
third note entitled "Enqu6te infnrmelle sur les Cultures Maraichbres du
 
Plateau de Bandiagara" has been written on vegetable production on the
 
Bandiagara plateau. The Operation pour le D~veloppement de 1' Elevage A
 
Mopti (ODEM) carried out a specific livestock study of their own
 
according to terms of reference prepared by this team of researchers.
 
This livestock study is entitled "L'Elevage en Cinqui6me R6gion:
 
Contrraintes et Actions Prioritaires d'Intervention et de Recherche
 
Appliqu6e."
 

The above sources of information and analyses have been used for
 
this report, which identifies both the limitations and gaps in current
 
knowledge. The proposals put forward in this report should be
 
consolidated through more thorough discussions with scientists at the
 
IER and INRZFH and representatives of the ODR. They should also be
 
refined by more thorough analysis of the formal survey data for the Seno
 
plain and Bandiagara plateau, and small-scale focused surveys. A formal
 
survey of the Delta area could not be carried out due to limited time
 
and funds. Consequently, information gathered through the informal
 
survey of the Delta should be interpreted with more caution.
 

Secondly, estimates of the benefits to be gained from an extension
 
of the DRSPR are partial in nature. While it has been possible to
 
propose research themes and to anticipate some of their outputs, it has
 
not been possible to estimate the impact of all of the proposed research
 
themes on output or productivity. Many of the results of these research
 
themes have not yet been tested under farmers' conditions and in some
 
cases have simply not yet seen the light of day. In addition, even the
 
results available from tests carried out in rural areas by SAFGRAD on
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Tilemsi rock phosphate and improved cowpea varieties present some
 
problems for using them directly for the estimation of the benefits.
 
These results cannot be taken at face value because our surveys on the
 
ground show that these two technologies will not be adopted by farmers
 
in the way that they have been tested. Consequently, adjustments to
 
available results from station or in village fields trials have been
 
necessary. These adjustments could be a source of large errors. Farmer
 
adoption rates could he another. Although approximate in nature, the
 
estimates of costs and benefits for each output of the farming systems
 
research in the Fifth Region should nevertheless enable research
 
priorities to be set. Helping establish such priorities may be the most
 
valuable feature of the report.
 



II. THE ANTICIPATED ROLES AND CONSTRAINTS OF THE DRSPR IN THE FIFTH
 
REGION.
 

This second chapter begins by reviewing the evolution of systems
 
research in Mali. The review identifies the reasons that led to the
 
establishment of - farming systems research division (DRSPR) in Mali. It
 
is important thai Lhese reasons be taken into consideration when deciding
 
whether to expand the DRSPR in the Fifth Region. Next, the anticipated
 
roles of the DRSPR are presented according to the IER-USAID agreement.
 
These roles are analyzed in the light of the principal difficulties which
 
could significantly affect their implementation. Finally, four key
 
factors for the success of the DRSPR are discussed in the context of Mali
 
and the Fifth Region.
 

A. THE EVOLUTION OF THE SYSTEMS RESEARCH IN MALI.
 

In 1976, an international colloquium on farming systems research was
 
held in Bamako. This colloquium was organized by the IER and the Ford
 
Foundation with the participation of Dr. David Norman. At this
 
colloquium the first foundations for the development of the systems
 
approach in Mali were laid (Norman, 1976). The colloquium took place at
 
the same time that the hopes placed in the ODR were succumbing to
 
widespread dissatisfaction (Sanogo, Fonsebougou Section Coordinator,
 
personal communication, June 1988). In addition to internal management
 
problems, these agricultural development agencies were unable to extend
 
the results of commodity research. Out of th's experience there emerged
 
a consensus that it was necessary to create a bridge between commodity
 
research and the ODRs, a third institution which would be in close
 
contact with the needs and problems of rural producers. This consensus
 
re-emerged at the National Committee for Agronomic Research, and was
 
confirmed in 1978 during a seminar with the theme "Improvement of Animal
 
Production Systems". The DRSPR was officially institutionalized within
 
IER in 1979. The DRSPR became the institute's sixth division alongside
 
the Agronomic Research Division (DRA), the Technical Studies Division
 
(DET), the Planning and Evaluation Division (DPE), the Documentation and
 
Information Division (DDI) and the Administrative and Financial Division
 
(DAF).
 

At the same time, it also became clear to USAID that t1 ODR which
 
it was financing had few appropriate research themes to offer farmers.
 
In the Fifth Region, for example, where the physical environment is
 
difficult (low rainfall, poor infrastructure and distant markets), the
 
Operation Mil Mopti (OMM) financed by USAID had few appropriate
 
techniques to extend to farmers. Six years after the termination of
 
USAID financing in 1982 the major impact of OMM that is still visible is
 
the widespread promotion of f,'ngicidal seed treatment (Thioral) and
 
animal traction. The staff fielded by OMM are still on the ground but
 
with a much reduced operating budget. In 1987, the staff comprised 250
 
agents and was costing the Mali government 84 million F.CFA in personnel
 
costs and 18 million F.CFA in operating expenses, i.e. an operating
 
budget per agent in the order of 72000 F.CFA per year (Direction
 

6
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Nationale du Budget, 1987). At the beginning of 1988, the OMM was
 
dissolved. The agents employed by OMM have been put at the disposal of
 
the Regional Department of Agriculture.
 

Noting the lack of appropriate technologies, particularly for the
 
less favored regions of the Center and North of the country, USAID
 
invested in agronomic research and became the major provider of research
 
funds inMali. In 1985, its contribution supporting principally the
 
operating and equipment expenses for research, represented 66% of all
 
external contributions to IER and INRZFH, the country's two major
 
research institutes (Cassas, 1987). This contribution represents 34% of
 
the total budget of these two institutes and amounts to 637 million
 
F.CFA.
 

Aware of the problems in adapting and transferring technologies 
developed on station to the rural community, USAID firstly undertook the 
Semi Arid Food Grain Research and Development project (SAFGRAD) to test 
technologies developed on station inthe rural environment. This top 
down approach to agronomic research (station research -pilot extension ­
extension - farmers) could not by itself generate technologies 
appropriate to farmers because the conditions and selection criteria on 
station can be quite different from those of farmers in their own 
environment. For this reason USAID completed its involvement with 
agronomic research in 1985 by assisting the DRSPR to expand and conduct 
its research activities inother zones. 

Nine years after its creation in1979, the DRSPR in 1987 comprised
 
16 national and 11 expatriate researchers (from The Netherlands and the
 
USA) out of a total of 143 national and 21 expatriate researchers within
 
IER. The Agronomic Research Division (DRA) isby far the largest
 
division with 91 national and 10 expatriate researchers in 1986, 62% of
 
the effective total for IER (Cassas, 1987). According to the report of
 
the financial commission (1988), the DRSPR had an operational budget i of
 
310 million F.CFA in 1987, of which 272 million F.CFA (88%) was financed
 
externally (The Netherlands, USAID, a~d IDRC). The same year, the DRA
 
had 989 million F.CFA at its disposal , of which 604 million F.CFA (61%)
 
was financed externally (principally CIRAD-France and USAID through
 
ICRISAT and SAFGRAD). Interms of financial resources per scientist
 
(nationals and expatriates combined) the DRSPR could count on 11.5
 

I/ Excluding technical assistance costs and equipment paid
 
overseas.
 

2/ Equivalent to 1.1 million US dollars at $1 = F.CFA 280.
 

3/ Equivalent to 3.5 million US dollars at $1
= F.CFA 280.
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million F.CFA per researcher4 wh~le the DRA could count on approximately
 
.
9.8 million F.CFA per researcher 


The World Bank has recently requested the International Service for
 
National Agricultural Research (ISNAR) to assist the government of Mali
 
to prepare a long term plan for national agronomic research (ISNAR,

1988). The preparation of this plan is to be divided into three phases:

1) review of the agronomic research system, 2) preparation of the long

term 	plan, 3) preparation of a body of proposals for its implementation.

During the second phase involving the preparation of a long term plan,
 
one of the working groups will address farming systems and the rural
 
economy. The four other working groups will 
be focused on specific

production sectors: rainfed crops, irrigated crops, livestock and the
 
environment (including forestry, fisheries and the protection of natural
 
resources). These working groups will 
propose research priorities. The
 
preparation of this long term plan will bring together high level
 
administrators and researchers. 
 The different phases of preparation will
 
be spread over a 10 month period from January 1989 and will be financed
 
by the World Bank with a contribution from USAID.
 

A number of proposals for the restructuring of research have already

been suggested. These revolve primarily around the decentralization of
 
research activities across the country and the fusion of IER with the
 
National Institute for Livestock Research, Forestry and Hydrobiology

(INRZFH). With the preparation of this plan important changes in the
 
organization and the establishment of priorities for research are to be
 
expected. The organization of research on rural production systems could
 
be affected by the reorganization of agronomic research in Mali.
 

B. 	 THE ROLES OF THE DRSPR ACCORDING TO THE AGREEMENT BETWEEN IER
 
AND USAID.
 

The goal of the USAID project is to improve the production,

productivity and income of Malian rural households (AID, 1985). 
 The
 
objectives of the project are to furnish institutional support to IER in
 
order to develop technologies appropriate to the needs and environment of
 
Malian farmers and to promote the effective transfer of such
 
technologies. The principal tasks of the project are: 1) the expansion

of research on rural farming systems and extension in the second region

during 1985 and the Fifth Region by 1989, 2) improvement of the linkages

between research and development, 3) training of researchers.
 

By reading the protocol of agreement between IER and USAID one can
 
determine the roles assigned to the DRSPR in the Mali context, which can
 
be expressed in the following way. By means of close cc-ordination of
 
research activities with the research institutions (DRA of IER, INRZHF,
 

4/ 	 Equivalent to 41000 US dollars at 
$1 = 	F.CFA 280.
 

5/ 	 Equivalent to 35000 US dollars at $1 
= F.CFA 280.
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DMA, etc.) and the ODR, by means of a specific training program for
 
scientists, and by means of funds for construction, equipment and
 
operational costs, the DRSPR should contribute to the increase of output
 
and productivity of the rural sector. This contribution should arise
 
through the introduction of appropriate technology packages to rural
 
producers and through bringing to light information capable of orienting
 
station research programs on the one hand and support programs for the
 
rural population on the other. This would be accomplished by means of
 
reconnaissance surveys, surveys focussed on specific issues, on-farm
 
tests of promising technology with monitoring and calculation of
 
profitability, etc.
 

One of the major roles of the DRSPR is consequently to ensure that
 
technologies generated by the DRA are adapted to the varying conditions
 
of producers. This requires the testing and modifications of the results
 
from commodity research to the micro-climates and specific circumstances
 
of producers. However, this role is not an easy one to fulfill.
 
Accomplishing it depends on a number of preconditions. Primarily these
 
are 1) tho availability of technologies ready for testing in the rural
 
environment, 2) the effectiveness of subsequent support from services to
 
the rural areas, 3) a policy environment favorable to stimulating
 
agricultural development. These three preconditions are key elements for
 
the fulfillment of the role of research on rural farming systems. The
 
more these technologies are lacking the more circumscribed will be the
 
choice of technologies and the weaker their impact on the productivity of
 
agricultural resources. These preconditions are treated in more detail
 
in the following section.
 

In the course of the 10 year period anticipated, USAID will
 
contribute to the financing of (AID, 1985):
 

- technical assistance (6.14 million dollars);
 
- training of researchers (1.84 million dollars);
 
- contribution to the national and regional offices (1.01 million 
dollars);
 

- equipment (1.42 million dollars);
 
- operational expenses (3.52 million dollars); 
- 10% contingencies (1.39 million dollars);
 
- 5% inflation (4.18 million dollars).
 

USAID's contribution to recurrent costs will be regressive: from 82%
 
in the first seven years to 63% in the last three years. The total cost
 
of the project is estimated at 21.3 million dollars of which 19.5 million
 
(92%) will be contributed by USAID and 1.8 million (8%) by the Government
 
of Mali.
 

According to our estimates, based on the sums given in the project
 
document (1985) and provided in tables 2.1 to 2.3, the total cost of
 
expanding the project to the Fifth Region amounts to 5.73 million
 
dollars, 27% of the total project cost, of which 5.24 million dollars
 
(91%) wili fdill to USAID and 0.49 million dollars (9%) to the Government
 
of Mali.
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A multidisciplinary team of researchers comprising 4 Malians
 
(agricultural economist, sociologist, agronomist and livestock scientist)
 
and two expatriates for 4 years (agronomist and agricultural economist)
 
is anticipated for the expansion of the DRSPR in the Fifth Region. The
 
equipment and operational budgets are detailed in tables 2.1 to 2.3.
 

USAID is relatively open to other suggestions in regard to the use
 
of the sum budgeted for the expansion of the DRSPR in the Fifth Region.
 
In the event that this study should indicate the existence of better
 
investment opportunities tnan research on rural farming systems in the
 
Fifth Region, USAID would envisage the possibility of directing part or
 
all of the funds to these opportunities.
 

The reasons for having chosen the Fifth Region are presented in the
 
project document and are three in number (AID, 1985, p 15):
 

1) The region includes two zones important for cereal production,
 
one in the south-east concentrating on the production of millet, the
 
other in the north-west concentrating on the production of rice.
 

2) The region includes two research stations, one focusing on
 
rainfed crops (principally millet, sorghum and cowpea), the other
 
focusing on floating rice.
 

3) Besides the existence of the Operation Mil Mopti and the
 
Operation Riz Mopti, there exists a third ODR. This is the Operation
 
pour le Developpement de l'Elevage dans la region Mopti (ODEM) which
 
facilitates research and extension in regard to the integration of crop
 
and livestock production.
 

The project document does not consider alternative regions for an
 
expansion of the DRSPR.
 

C. DIFFICULTIES CONFRONTING THE SYSTEMS APPROACH.
 

The primary objective of research on farming systems is the
 
development of technologies which can overcome the principal constraints
 
facing producers. These technologies should enhance the productivity of
 
the farmers' resources and, as a result, their well being.
 

The literature reviewed (Norman, 1976; Byerlee, Collinsun et al.,
 
1980; Eicher and Baker, 1982; Martinez and Arauz, 1983) present similar
 
approaches which include the following principal steps:
 

1) the descriptive phase during which the farming system is
 
studied with a view to identifying the principal constraints impinging on
 
the system;
 



TABLE 2.1: CAPITAL COSTS FINANCED BY AID (in 1O00)
 
Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 TOTAL %
 

ITEMS (1988) (1989) (1990) (1991) (1992) (1993) (1994)
 
...............................................................................................................
 

TECHNICAL ASSISTANCE 0.00 340.00 325.00 310.00 305.00 5.00 5.00 1290.00 33.89 
Agronomist 0.00 150.00 150.00 150.00 150.00 0.00 0.00 600.00 15.76 
Agricultural economist 0.00 150.00 150.00 150.00 150.00 0.00 0.00 600.00 15.76 
Short-term ass.(1) 0.00 40.00 25.00 10.UO 5.00 5.00 5.00 90.00 2.36 

SHORT-TERM TRAINING (1) 0.00 35.00 27.50 27.50 27.50 0.00 0.00 117.50 3.09 
Courses 0.00 10.00 10.00 10.00 10.00 0.00 0.00 40.00 1.05 
Language training 0.00 7.50 0.00 0.00 0.00 0.00 0.00 7.50 0.20 
Observation tours 0.00 7.50 7.50 7.50 7.50 0.00 0.00 30.00 0.79 
In-country wcrkshops, 0.00 10.09 10.09 IG.O 10.00 3.c3 u.,. 40.00 1.05 

COMMODITIES 
Vehicles : 0.00 60.00 0.00 0.00 60.00 0.00 0.00 120.00 3.15 
2 4WD 0.00 30.00 0.00 0.00 30.00 0.00 0.00 60.00 1.58 
2 Pick up 0.00 24.00 0.00 0.00 24.00 0.00 0.00 48.00 1.26 
2 motorcycle 0.00 2.00 0.00 0.00 2.00 0.00 0.00 4.00 0.11 
8 mobylettes 0.00 4.00 0.00 0.00 4.00 0.30 0.00 8.00 0.21 

RESEARCH EQUIPMENT (1) : 0.00 24.00 1.50 14.00 26.50 11.50 14.00 91.50 2.40 
Computers 0.00 10.00 0.00 0.00 0.00 10.00 0.00 20.00 0.53 
Computers Software 0.00 1.50 1.50 1.50 1.50 1 50 1.50 9.00 0.24 
Field Equipment 0.00 12.50 0.00 12.50 25.00 0.00 12.50 62.50 1.64 

OFFICE EQUIPMENT 0.00 20.00 0.00 0.00 20.00 0.00 0.00 40.00 1.05 
FURNISHING (') 0.00 175.00 25.00 0.00 0.00 0.00 0.00 200.00 5.25 

Koporo Station housing 0.00 40.00 0.00 0.00 0.00 0.00 0.00 40.00 1.05 
Fifth region generators 0.00 25.00 0.00 0.00 0.00 0.00 0.00 25.00 0.66 
Fifth region housing 0.00 50.00 25.00 0.00 0.00 0.00 0.00 75.00 1.97 
Fifth region offices 0.00 60.00 0.00 0.00 0.00 0.00 0.00 60.00 1.58 

CONSTRUCTION (2) : 305.60 348.20 /6.00 0.00 0.00 0.00 0.00 729.80 19.17 
Koporo Station Development: 113.00 94.00 0.00 0.00 0.00 0.00 0.00 207.00 5.44 
Office addition 18.00 0.00 0.00 0.00 0.00 0.00 0.00 18.00 0.47 
Professional housing 40.00 39.00 0.00 0.00 0.00 0.00 0.00 79.00 2.08 
Staff housing 40.00 30.00 0.00 0.00 0.00 0.00 0.00 70.00 1.84 
Guest house 15.00 25.00 0.00 0.00 0.00 0.00 0.00 40.00 1.05 
DRSPR : 192.60 254.20 76.00 0.00 0.00 0.00 0.00 522.80 13.74 
Office construction 30.00 42.00 0.00 0.00 0.00 0.00 0.00 72.00 1.89 
Professional housing 50.00 80.00 30.00 0.00 0.00 0.00 0.00 160.00 4.20 
Staff housing 50.00 70.00 20.00 0.00 0.00 0.00 0.00 140.00 3.68 
Water tower 16.00 0.00 0.00 0.00 0.00 0.00 0.00 16.00 0.42 
Guest house 20.00 20.00 0.00 0.00 0.00 0.00 0.00 40.00 1.05 
Garages 0.00 10.00 10.00 0.00 0.00 0.00 0.00 20.00 0.53 
Construction coordinator 10.00 10.00 10.00 0.00 0.00 G.00 0.00 30.00 0.70 
10% A&E services,supervision 16.60 22.20 6.00 0.00 0.00 0.00 0.00 44.80 1.18 

SUB-TOTAL 305.60 1002.20 455.00 351.50 439.00 16.50 19.00 2588.80 68.02 
Contingency 0.10 30.56 100.22 45.50 35.15 43.90 1.65 1.90 258.88 6.80 
Inflation : 1.05 72.44 304.58 170.22 157.41 230.56 10.01 13.14 958.36 25.18 
TOTAL 408.60 1407.00 670.72 544.06 713.46 28.16 34.04 3806.04 100.00 

(1) Only 50Z of the budget estimates.
 
(2) Furnishing and construction are rescheduled on years one and two of the project.
 
Source: USAID/MALI. Farming Systems Research and Extension. Project Paper. AID. March 6, 1985.
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TABLE 2.2: RECURRENT COSTS FINANCED BY AID (in $1000) 

ITEMS Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 TOTAL % 
(1988) (1989) (1990) (1991) (1992) (1993) (1994) 

...........---------------------------------------------------------------------------------------------------

SALARIES : 
Professional Staff: 0.00 14.52 14.52 14.52 14.52 14.52 14.52 87.12 5.78 
Agronomist 0.00 1.86 1.86 1.86 1.66 1.86 1.86 11.16 0.74 
Economist 0.00 1.86 1.86 1.86 1.85 1.86 1.86 11.16 0.74 
Livestock Specialist 0.00 1.86 1.86 1.86 1.86 1.86 1.86 11.16 0.74 
Sociotogist 0.00 1.86 1.86 1.86 1.86 1.86 1.86 11.16 0.74 
2 Research assistants 0.00 3.24 3.24 3.24 3.24 3.24 3.24 19.44 1.29 
8 Moniteurs 0.00 3.84 3.84 3.84 3.84 3.84 3.84 23.04 1.53 

Support Staff: 0.00 20.46 20.46 20.46 9.42 20.46 20.46 111.72 7.42 
2 Accountants 0.00 3.00 3.00 3.00 1.86 3.00 3.00 16.86 1.12 
2 Data Specialists 0.00 7.44 7.44 7.44 3.24 7.44 7.44 40.44 2.69 
Typist 0.00 1.80 1.80 1.80 0.54 1.80 1.80 9.54 0.63 
Messenger 0.00 0.60 0.60 0.60 0.18 0.60 0.60 3.18 0.21 
3 Drivers 0.00 5.22 5.22 5.22 2.70 5.22 5.22 28.80 1.91 
2 Guards 0.00 0.60 0.60 0.60 0.36 0.60 0.60 3.36 0.22 
Warehouseman 0.00 1.80 1.80 1.80 0.54 1.80 1.80 9.54 0.63 

VEHICLE MAINTENANCE 0.00 13.50 14.50 14.50 10.50 10.50 10.50 74.00 4.91 

OFFICE SUPPLIES 0.00 10.00 10.00 10.00 7.00 7.00 7.00 51.00 3.39 

RENIS, UTILITIES, BUILDINC 0.00 16.50 16.50 16.50 11.55 11.55 11.55 84.15 5.59 
MAINTENANCE 

EXPENDABLE RES. SUPPLIES 0.00 12.00 12.00 12.00 8.40 8.40 8.40 61.20 4.06 

COOPER,TIVE RES., STUDIES(1) : 0.00 30.60 30.60 30.60 30.60 30.60 30.60 183.60 12.19 
with DRA 0.00 15.00 15.00 15.00 15.00 15.00 15.00 90.00 5.98 
with DMA, PIRT, INRZFH 0.00 15.00 15.00 15.00 15.00 15.00 15.00 90.00 5.98 
with IPR 0.00 0.60 0.60 0.60 0.60 O.u3 0.60 3.60 0.24 

EVALUATIONS (1) 200.00 0.00 0.00 40.00 0.00 0.00 80.00 320.00 21.25 
inc. economic evaluation 200.00 0.00 0.00 0.00 0.00 0.00 0.00 200.00 13.28 

SUB-TOTAL 200.00 117.58 118.58 158.58 91.99 103.03 183.03 972.79 64.59 

LOP Contingency : 0.10 20.00 11.76 11.86 15.86 9.20 10.30 18.30 97.28 6.46 
Inflation : 1.05 47.41 35.73 44.36 71.01 48.31 62.48 126.62 435.93 28.95 

TOTAL 267.41 165.07 174.80 245.45 149.50 175.82 327.95 1506.00 100.00 

............--------------------------------------------------------------------------------------------------­

(1) 50% of the budget estimates. 

Source: USAID/MALI. Farming Systems Research and Extension. Project Paper. AID. March 6, 1985. 
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TABLE 2.3: RECURRENT COSTS FINANCED BY THE GOVERNMENT OF MALI (in $1000)
 

ITEMS Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 
 Year 7 Year 8 Year 9 Year 10 TOTAL %
 
(1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997)
 

.................-------------------------------------------------------------------------------------------------------------------------


SALARIES :
 
Professional Staff: 0.00 37.20 37.20 37.20 37.20 37.20 37.20 0.00 0.00 0.00 223.20 45.63 
Agronomist 0.00 4.20 4.20 4.20 4.20 4.20 4.20 0.00 0.00 0.00 25.20 5.15 
Economist 0.00 4.20 4.20 4.20 4.20 4.20 4.2C 0.00 0.00 0.00 25.20 5.15 
Livestock Specialist 0.00 4.20 4.20 4.20 4.20 4.20 4.20 0.00 0.00 0.00 25.20 5.15 
Sociologi3t 0.00 4.20 4.20 4.20 4.20 4.20 4.20 0.00 0.00 0.00 25.20 5.15 
2 Research assistants 0.00 6.00 6.00 6.00 6.00 6.00 6.00 0.00 0.00 0.00 36.00 7.36 
8 Moniteurs 0.00 14.40 14.40 14.40 14.40 14.40 14.40 0.00 0.00 0.00 86.40 17.66 

Support Staff: 0.00 3.60 3.60 3.60 14.70 3.60 3.60 0.00 0.00 0.00 32.70 6.69 
2 Accountants 0.00 3.00 3.00 3.00 4.20 3.00 3.00 0.00 0.00 0.00 19.20 3.93 
2 Data Specialists 0.00 0.00 0.00 0.00 4.20 0.00 0.00 0.00 0.00 0.OC 4.20 0.86 
Typist 0.00 0.00 0.00 0.00 1.26 0.00 0.00 0.00 0.00 0.00 1.26 0.26 
Messenger 0.00 0.00 0.00 0.00 0.42 0.00 0.00 0.00 0.00 0.00 0.42 0.09 
3 Drivers 0.00 0.00 0.00 0.00 2.52 0.00 0.00 0.00 0.00 0.00 2.52 0.52 
2 Guards 0.00 0.60 0.60 0.60 0.84 0.60 0.60 0.00 0.00 0.00 3.84 0.79 
Warehouseman 0.00 0.00 0.00 0.00 1.26 0.00 0.00 0.00 0.00 0.00 1.26 0.26 

VEHICLE MAINTENANCE 0.00 0.00 0.00 0.00 4.35 4.35 4.35 0.00 0.00 0.00 13.05 2.67 

OFFICE SUPPLIES 0.00 0.00 0.00 0.00 3.00 3.00 3.00 0.00 0.00 0.00 9.00 1.84 

RENTS, UTILITIES, BUILDING 0.00 0.00 0.00 0.00 4.95 4.95 4.95 0.00 0.00 0.00 14.85 3.04 
MAINTENANCE 

EXPENDABLE RES. SUPPLIES 0.00 0.00 0.00 0.00 3.60 3.60 3.60 0.00 0.00 0.00 10.80 2.21 

COOPERATIVE RES., STUDIES 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

SUB-TOTAL 0.00 40.80 40.80 40.80 67.80 56.70 56.70 0.00 0.00 0.00 303.60 62.07 

LOP Contingency : 0.10 0.00 4.08 4.08 4.08 6.78 5.67 5.67 0.00 0.00 0.00 30.36 6.21 
Inflation : 1.05 0.00 12.40 15.26 18.27 35.61 34.39 39.22 0.00 0.00 0.00 155.15 31.72 

TOTAL 0.00 57.28 60.14 63.15 110.19 96.76 101.59 0.00 0.00 0.00 489.11 100.00 

..................------------------------------------------------------------------------------------------------------------------------

Source: USAID/MALI. Farming Systems Research and Extension. Project Paper. AID. March 6, 1985.
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2) the planning phase during which a number of technologies are
 
selected for their potential to alleviate constraints identified during

the first phase (they are then developed and tested through station
 
research);
 

3) the experimentation phase during which a smaller number of the
 
most promising technologies are evaluated on farmers' fields with their
 
participation;
 

4) the pilot extension phase during which technologies best able
 
to overcome the identified constraints undergo exposure to real
 
production conditions across a larger number of farmers, with a view to
 
assessing their likely future diffusion and adoption.
 

The successive implementation of these four phases, however, raises
 
some major difficulties. Firstly, factors exogenous to the farming
 
system, such as infrastructure and agricultural policy, can be so
 
constraining on 
the farming system that it would be more effective to
 
tackle these factors initially. In effect, if the productivity of the
 
farming system is seriously constrained by such factors, it would only

be those technologies requiring the least inputs from outside the system

(fertilizer, improved seed), the least institutional support (credit,

extension) and the least dependence on external markets which would be
 
selected in response to the constraints impinging on the farming system.

Consequently, these would also be the technologies least able to 
bring

abou': a radical improvement in the productivity of the resources of the
 
system. In certain cases, therefore, it is preferable to use the
 
descriptive phase to develop recommendations pertaining to the
 
improvement of infrastructure or policy reforms. The potential benefits
 
in terms of increased production which would arise from any given
 
measure can be communicated to public decision makers.
 

Secondly, the availability of technologies already developed, at 
station level or in other countries with a similar environment, and 
capable of providing leverage on the constraints to the farming system
affects the development of third phase - that of experimentation. If 
few technologies are available this phase is considerably retarded
 
(Norman, 1976). In Burkina Faso for example, as far as the improvement

of millet varieties is concerned there has been no selected variety up

to the present which is better than local varieties. Matlon (1985)

attributes this to the methods used on 
station. He recommends close co­
ordination between station and farm level research and to work in 
an
 
iterative fashion.
 

Thirdly, the results of systems research depend heavily on good

coordination between commodity research and systems research. Given
 
their complementarity, co-ordination should be in both directions
 
without one receiving priority over the other. On the one hand systems

research communicates the problems encountered at farm level to
 
commodity research, and participates in the development of station
 
research programs. On the other hand, commodity research will assist
 
systems research to design, implement and analyze farm level tests. In
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this way also, commodity research receives greater feedback and can
 
quickly reorient its station experimental program.
 

These three major difficulties will be analyzed in the next section
 
in the light of the current situation in the Fifth Region of Mali. The
 
analysis of one additional factor affecting the success of the systems
 
approach will be added to these three difficulties: the effectiveness of
 
the systems research team responsible for implementing the research
 
program. This analysis will be carried out on the basis of the
 
experience accumulated in Mali in regard to farming systems research.
 

D. 	 KEY FACTORS AFFECTING THE SUCCESS OF THE DRSPR INTHE FIFTH
 
REGION.
 

This section begins by presenting the principal factors capable of
 
affecting the success and therefore the feasibility of systems research
 
in the Fifth Region. The presentation gives more weight to the first
 
factor discussed, the present or future availability of potential
 
technologies which might be extended to farmers through the efforts of
 
the DRSPR. This is so not because it is necessarily the most important
 
factor to consider for the development of the Fifth Region but because
 
it is the mandate that systems research is generally expected to fulfill
 
in regard to technology. Focussing on this aspect is not intended to
 
play down the importance of other aspects such as the institutional and
 
socio-economic environment, the co-ordination between research and
 
development, and the effectiveness of the systems team. These will be
 
taken up according to their influence on the availability and transfer
 
of appropriate
 
technologies.
 

1. 	 Identification of Key Factors.
 

One can consider the DRSPR to be part of a system established in
 
order to generate and transfer technologies appropriate to crop or
 
livestock farmers. The other components of this system are: 1) the
 
national commodity research institutes (DRA, INRZFH, etc.) and the
 
international research institutes (ICRISAT, ILCA, SAFGRAD, etc.), 62) the
 
extension services (ODR), 3) the support services for rural areas
 
(BNDA, DNACOOP,etc.), 4) the private sector for the input and commodity
 
markets and 5) the agricultural policy of the country which affects each
 
of the system components. The DRSPR lies at the center of this system
 

6/ 	A distinction is drawn here between extension and other
 

support services for the rural population. The extension services are
 
public institutions whose beneficiaries cannot be identified precisely
 
(i.e. exactly which farm households benefit from the service and to what
 
extent). The effects of these services are spread throughout the rural
 
community. For other services such as credit, on the other hand, it is
 
possible to allocate the cost of the credit services to the specific
 
farm households who are the beneficiaries.
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for generating and transferring technologies with a special relationship
 
to the eventual clients of the system, i.e. the crop and livestock
 
farmers in the target zone (Figure 2.1)
 

The DRSPR refines the technology packages which can be considered
 
as intermediate products, i.e. final products for the research system

but inputs for the production system of the crop and livestock farmers
 
which use them. The benefits from the development of these intermediate
 
products can only be measured when they are finally adopted -nd give
 
rise to increased revenues or decreased costs of production at farm
 
level.
 

FIGURE 2.1: 	 THE SYSTEM FOR THE GENERATION AND TRANSFER OF IMPROVED
 
TECHNOLOGIES.
 

Agricultural Policy 	 Inputs

Market 

T A A (2) 
I T I -b. Services(2) A" 

National (3) 
Research 4-

Institutes (3 

1 	 (3) Rural
 
A DRSPR Producers
 

1 (4)

International
 
Research (3). A
 

Institutes 4 J (3) (3)
(1)
 

Extension
 
(2) 	 Outputs
 

Market
 
Agricultural Policy 	 (2) 

For the remainder of the report we will consider there to be four
 
key factors exercising a heavy influence on the profitability of any
 
expansion of the DRSPR in the Fifth Region. These four factors are
 
introduced in this section. They relate to 1) the stock of potential
 
technologies which are currently available at the level of commodity

research or which will be available in the near future, 2) the effect of
 
institutions and level of infrastructural development on the diffusion
 
and eventual adoption of promising technologies, 3) the degree of
 
coordination between commodity research, systems research, extension and
 
rural people, 4) the effectiveness of the systems research team. These
 
four factors (identified by number in figure 2.1) have been included
 
because they strongly affect 1) the timing of the development and
 
diffusion of technologies, 2) the phasing of research activities
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progres~ively addressing a larger and larger number of recommendation
 
domains 3) the increase in the productivity of resources under the
 
control of the farm household. These effects, represented in table 2.4,
 
will determine the feasibility and profitability of an eventual
 
expansion of the DRSPR in the Fifth Region.
 

TABLE 2.4: THE KEY FACTORS AFFECTING THE CONTRIBUTIONS AND IMPACT OF
 

SYSTEMS RESEARCH.
 

FACTORS EFFECTS IMPACT
 

1) Potential 2) Technologies Regional production
 
technologies stock development and and productivity
 

diffusion timing increase
 

2) Infrastructures 2) Research
 
and institutions activities timing
 

3) Research and 3) Farm unit
 
development co- resources
 
ordination productivity increase
 

4)Research systems
 
team
 

2. The Availability of Potential Technologips in Relation to
 
the Constraints Impinging on Agriculture in the Fifth
 
Region.
 

This section points to the lack of technology currently available
 
at research station or pilot extension level capable of mitigating the
 
major constraints facing farmers in the Fifth Region. A number of
 
technologies on which researchers had placed their hopes did not in the
 
end show themselves to be better than traditional technologies. On the
 
other hand, the current directions in station research ailow optimism
 
that several promising technologies will be available in the next
 
decade.
 

a. The Technologies Potentially Available.
 

A potentially available technology is defined here as one which
 
has already proved itself in station research or in pilot extension but
 
which, for one reason or another, has not spread widely through the
 
rural comrdnity. It is possible that diffusion on a wide scale requires
 
slight adaptat;on to the current form of the technology or a brief push
 
from farmer services. In analyzing the results achieved on station and
 

7/ A recommendation domain (RD) is a group of farmers for whom
 
one can propose the same types of recommendation, and therefore
 
technologies, because they experience the same constraints.
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through pilot extension, only two technologies appear to have real
 
promise for the Fifth Region. These are early cowpea varieties with
 
chemical protection and Tilemsi rock phosphate.
 

(1) Early cowpea varieties.
 

SAFGRAD has tested improved cowpea varieties with inorganic
 
fertilizer in the Fifth Region (1985, 1986, 1987). These improved
 
cowpea varieties, which received 40 kg/ha triple superphosphate and one
 
to three applications of pesticide are significantly more productive
 
than local cowpea varieties under the same minagement (tables 2.6 and
 
2.6). For the central Seno zone (21 sites over 3 years), the average
 
grain yield of these two improved varieties was 2.7 times higher than
 
that of local varieties. There was no difference in the hay yield on
 
the other hand.
 

(2) Tilemsi rock phosphate (TRP).
 

SAFGRAD has also tested TRP in the Fifth Region (1979, 1980, 1981,
 
1982). A single dose of 300 kg/ha TRP was applied at the outset of
 
three year rotations for groundnut-millet-groundnut and millet-millet­
millet. The most significant increases in yield were those obtained
 
with application of TRP to the three year rotation millet-millet-millet
 
(1389 and 775 kg/ha for the first and second series of tests
 
respectively, table 2.7).
 

The first technology presented above reduces the effect of the
 
reduction in rainfall. The improved cowpea varieties are earlier than
 
the local varieties (60-70 days compared to 80-90 days) and more
 
resistant to drought stress. They are consequently better adapted to
 
the reduced rainfall of the Fifth Region. These varieties are however
 
more susceptible to attack by insect pests. They require protection
 
both in field and storage. Being a legume, cowpea has a beneficial
 
effect on soil fertility. The production of hay from improved varieties
 
is neither greater or less than that of local varieties (tables 2.5 and
 
2.6). Given the limited number of replications, however, this should be
 
confirmed.
 

The second technology mitigates the effect of soil phosphate
 
deficiency on crop yields, at least in the southern zones of the Fifth
 
Region where rainfall is sufficient for the TRP to become soluble. If
 
this package is adopted on a large scale, admittedly after first
 
resolving the problems of supply and formulation, it could contribute to
 
the maintenance and perhaps even the improvement of soil fertility.
 

b. Technologies with Limited Potential.
 

The remainder of this section presents an evaluation of several
 
technologies tested on-farm but which may not lead to improved
 
recommendations because their performance is not superior to that of
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traditional technologies. This brief review is made in order 1) to show
 
that, contrary to the hopes placed on them, these technologies cannot be
 
taken up by the DRSPR for transfer to the farming community and 2) to
 
indicate that a well executed systems research program in co-ordination
 
with commodity research and extension can lead to more effective use of
 
the manpower and financial resources available to research. Three
 
examples are used for this review. The first is the testing of
 
inorganic fertilizer on improved varieties of early millet. The second
 

TABLE 2.5: TESTS OF EARLY COWPEA VARIETIES IN OPERATION MILS MOPTI AREA: SENO, BANDIAGARA PLATEAU AND
 

DOUENTZA.
 

I 

AREAS YEAR Rainfail I Yield in Grain (kg/ha) for YieLd in Hay (kg/ha) for Number 
I i Cowpea Varieties Cowpea Varieties ofI 	 I 

(rm) I-----------------------	 ------ ------------------------------- Experiment: 

Local :TN 88-63 IGorom-goroml Local ITN 88-63 Gorom-goromi
 

I--------------------------------------------------------------------------------------------------------­

1985 259: 13 3081 - - - -

Douentza 1986 301 354 709 1 1447 - I I 1 
I I I 

I 19871 287 281. 669 1 431: 
i-------------------------------------------------------------------------------------------------------------------------I 

oouentza Average 1 282 1 216 : 562 : 9391 - - - i 3 
I-------------------------------------------------------------------------------------------------------------------------I 

:CentraL 1 1985 1 293 72: 310 - - I - 1 9
 
ISeno 1 1986 1 378 1 241 1 671 1 759 - - I - 8
 

I 	 I 

:1987 : 252 : 374 1 652 636 1 433 413 1 3921 4 

:---------------------------------------------------------------------------- I 

Central Seno Average 308 1 229 1 544 : 698 : 433 1 413 1 392 1 21 
!------------------------------------------------------------------------------------------------------------------------I 

:South 1985 285 1 17 193 ; - - I - - i 1
 
:Seno 1986 394 1 38 701 402 1 - I - 2


i 	 II 

I 1987 3471 329 497 525 1 131 1 2001 2251 2
 

:------------------------------------------------------------------------------

ISouth Seno Average : 342 1 128 1 464 1 463 1 - I - I - 1 5 
i------------------------------------------------------------------------------------------------------------------------I 

lBandiagara 1985 5 - :- : - - - - - 1 
IPtateau 	 1 1986 1 3501 01 1511 27 - I I I 

: 1987 1 - - i 

----------------------------------------------------------------------------------------- I 

1Bandiagara PLateau Av. 350 1 0 1 151 1 271 - - I - 1 
I------------------------------------------------------------------------------------------------------------------------

Notes: Inputs in 1985 : 65kg/ha of "super simple" phosphate with 21% of P205.
 

1 treatment of D~cis (3.51/ha) with T15 or ULV
 

1986 : 40kg/ha of "super triple" phosphate with 45% of P205.
 

3 treatments of D6cis
 

1987 : 76kg/ha of "super simple" phosphate with 18% of P2 05.
 

2 treatments of super ED Cymbush (750 mL/ha) with ELectrodyn
 
0
Source: Rapport des campagr~s 1985, 1986, 1987. Projet conjoint N 31 de l'OUA-CSTR-SAFGRAD.
 

Programme 	PRAA-Mali. IER, Bamako.
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TABLE 2.6: TESTS OF EARLY COWPEA VARIETIES IN OPERATION MILS MOPTI AREA: THE DELTA ZONES.
 

i-----------------------------------------------------------------------------------------------------------------------I 

AREAS I 	YEAR RainfalI Yield in Grain (kg/ha) for Yield in Hay (kg/ha) for Number
 

i Cowpea Varieties Cowpea Varieties of 
(mm) .........- .----------------------------------------------------!Experiment
 

Local ITN 88-63 IGorom-goroml Local iTN 88-63 IGorom-goroml
 

I 
lCentral 1 1985 2911 50 1 303 -I i - I I 
IDelta 	 1 1986 264 638 1094 650 - I -i 1 

1 1987 175 351 96 43 1 100: 156 1751 11 

ICentral Delta Average 243 1 241 1 498 1 347 1 100 1 156 1 175 1 5 

I-----------------------------------------------------------------------------------------------------. 
S u h
South 119855 1II 19 338 48 1 2791 - i - iI - iI - iI 21 

Delta 1986 1e t 
2471 69 1 731 1 5971 - I - II - I 11I 19 6 


1987 1731 413 338 1
, 	 1 1 13 : 1 653 569: 4091 11
 

I 
ISouth Delta Averagel 253 : 43 : 474 1 468 1 653 1 569 : 409 1 4 

i ------------------------------------------------------------------------------------------------------I
 
Notes: Inputs in 19L5 : 65kg/ha of "super simple" phosphate with 21% of P205
 

1 treatment of D6cis (3.51/ha) with T15 or ULV
 

1986 : 40kg/ha of "super triple" phosphate with 45% of P205.
 

3 treatments of Ddcis
 

1987 : 76kg/ha uf "supur simple" phosphate with 18% of P205.
 

2 treatments of super ED Cymbush (750 mL/ha) with Etectrodyn.
 
Source: Rapport des campagnes 1985, 1986, 1987. Projet conjoint N0 .31 de l'OUA-CSTR-SAFGRAD.
 

Programme PRAA-Mali. IER, Bamako.
 

TABLE 2.7: 	 EFFECT OF A 300 KG/HA APPLICATION OF TRP AT THE BEGINNING OF A THREE YEAR ROTATION
 

(groundnut-millet-groundnut and millet-millet-millet) (1).
 

...--------------------------------------------------------------------------------------------------------------

First Series Second Series Groundnut-Millet-Groundnut Rotation Millet-Millet-Mitlet 

(1979-81) 1 (1980-82) Rotation 

AREA I 

SNumber f1 Average Number of: Average I-----------------------------------------­
:Experiment RainfaillExperiment Rainfalll 1st Series I 2nd Series lit Seriesl2nd Series: 

(mm) (mm) .------------------------------------
, I Groundnutl Millet IGroundnutl Millet I Millet I Millet 

I 
I 

I 

INorth 0 i 	 2 3131 1 1 170 1001 - 1 619 
I IIII IIII
 
I I IIIIII
 

Icenter 2 1 
 3521 8 3451 3001 8041 431 145 10041 456
 

ISouth 1 1 443 1 2 368 1 327 1 195 128 116 1389 775
I IIIIIII
 

I IIII II
 

:Plateau 	 1 0 3 292 - 456 152 438I IIIIIII
 
II IIIIIIII
 

(1) Cumulative increase in yields (kg/ha) during the three years of tests.
 

Source: From SAFGRAD data (1979, 1980, 1981, 1982). See Annex C.
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is the technology package tested by Action Pilote Mil. The third is the
 
technology package promoted by ORM.
 

(1) Inorganic fertilizer on improved varieties of early
 
millet.
 

On-farm tests of early maturing millet varieties (IBV 8001 and
 
HKP) have not shown them to be significantly better than local
 
varieties. SRVCO (Section de Recherche sur les Cultures Vivrieres et
 
Oleagineuses, under DRA) and SAFGRAD nevertheless recommend them for low
 
rainfall zones. However, SAFGRAD's results (1985, 1986, 1987) given in
 
tables 2.8 and 2.9 do not indicate that these improved varieties give
 
better yields than the local varieties when rainfall is low or badly
 
distributed. SAFGRAD estimates that attacks by granivorous birds reduce
 
potential yields by 40%. It is on this basis that SAFGRAD justifies the
 
potential superio'ity of improved varieties over local varieties. In
 
order to arrive at a better evaluation of these improved varieties the
 
DRSPR could test them systematically and record farmers opinions of
 
them.
 

Cultivated with the use of inorganic fertilizer (100 kg/ha
 
phosphate of ammonia and 50 kg/ha urea), these improved millet varieties
 
did not yield significantly better than local varieties.
 

(2) The technology package tested by Action Pilote Mil.
 

Action Pilote Mil tested a technology package in three villages
 
around the Koporo agronomic research sub-station in the Seno plain
 
(1985-1986). The technology package comprised land preparation with a
 
plow, short and long cycle local millet varieties ("Ningari" and "NBB"),
 
sifting and seed treatment with Thioral (10 g to each 5 kg of seed) and
 
Metalaxyl, planting in rows and on the square (Im hy Im), 100 kg/ha
 
phosphate of ammonia and 50 1.9/ha urea at weeding, thinning, three
 
weedings, treatment with Cyp~rmetrine against Rhaguva (headborer),
 
uprooting and burning of plants affected by mildew and wild millet
 
plants (Chibra) and finally a storage treatment of actellic dust.
 

This intensive care technology package was tested alongside a less
 
intensive package without urea application and manual or chemical
 
phytosanitary treatments with the exception of seed treatment with
 
Thioral. Table 2.10 below compares the profitability of the intensive
 
technology package with that of the semi-intensive and traditional
 
technologies. This comparison was carried out over two seasons, one
 
with mediocre rainfall (360mm in 1985) and the other with average
 
rainfall (550 mm in 1986). The rough estimates of increased net
 
revenues show clearly that these technology packages are not profitable,
 
even without taking into account capital amortization or additional
 
labor.
 

Matlon (1987) arrived at a similar conclusion. Among cereals such
 
as rice, maize, sorghum and millet, millet responds least to inorganic
 
fertilizer. Considering the sale price of millet and the cost of
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TABLE 2.8:TESTS OF EARLY MILLET VARIETIES IN OPERATION MILS MOPTI AREA: SENO, BANDIAGARA PLATEAU
 

AND DOUENTZA.
 

.---------------------------------------------------------------------------------------------------
I
 

AREA YEAR 	 lRainfatt :Yield in Grain (kg/ha) of thelYield in Grain (kg/ha) of thelNumber ofi
 
I (run) ImilLet varieties w.fertitizerlmitlet varieties w/o fertiLizlExperiment
 

I 	 II-------------------------------- -----------------------------

IIII Local 111V 8001 HKP ILocal 1IBV 8001 HKP 
II 	 I . . . . . . . . . . . . . . . . . . . . . 

I 1985 199 512 230 I - I 3 

Douentza 1986 	 I I - I I I 

,1987 176 527 120 188: 436 322 2851 

IDouentza Average 1 187 1 520 1 175 1 188 1 438 1 322 1 285 1 4 
i-------------------------------------------------------------------------------------------------------­

:Central 1 1985 1 362 : 739 : 704 - I - I I 8 

lseno 1 1986 1 452 1 548 : 1069 458 355 646 285 8 
| 1987 1 273 1 690 1 449 414 654 411 : 329 : 3 

------------------------------------------------------------------------------I
 
ICentrat 	Seno Average 362 1 659 1 740 1 436 : 504 1 528 : 307 1 19 

i -- -------------------------------------------------------------------------------------------------

South 	 1985 - - ­: I 	 I - I ­

:seno 11986 ­

1 1987 : 256 737 410 647 440 303 3391 2 

-------------------------------------------------------------------------------------------------------- I 

ISouth Seno Average 1 256 1 737 1 410 : 647 1 440 1 303 1 339 1 2 

i--------------------------------------------------------------------------­
1Bandiagara 	 1985 1 415 - 1 1101 1 I - I - - 1 

Ptateau 	 1 1986 1 258 1 628 1 618 1 290 1 310 1 315 1 4291 1
 
I 1987 1 I - - I I -
 I 	 - I - I
 

-------------------------------------------------------------------------------- I 
IP(ateau Average 1 336 1 628 1 860 1 290 1 310 1 315 1 429 1 2 

:--------------------------------------------------------------------------------I 

Notes: Inputs in 1985, 1986, 1987 : 100kg/ha of ammonium phosphate and 50 kg/ha of urea.
 

Source: 	 Rapport des campagnes 1985, 1986, 1987. Projet Conjoint N0 .31 de L'OUA-CSTR-SAFGRAD.
 

Programme PRAA-Mali. IER, Bamako.
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TABLE 2.9: TESTS OF EARLY MILLET VARIETIES IN OPERATION MILS MOPTI AREA: THE DELTA ZONES.
 

i-----------------------------------------------------------	 ------------------------------------------------------- I 

AREA YEAR 	 lRainfatl lYield in Grain (kgina) o. thelYietd in Grain (kg/ha) of thelNumber of
 

i (mm) Imilet varieties w.fertilizerlmitLet varieties w/o fertilizlExperiment
 
i 	 -------------------- ---------------------------------- i 

IIIi I
 

I I Local IBV 8001 : HKP I Local IBV 8001 1 HKP ii
 

I------------------------------------------------------------------------------------------------------------------I
 

Central 1985 301 1114 1021 - I - _ 2
 

Delta 1986 266 1249 785 876 : 1320 : 888 840 2
 

:1987 223 225: 463 450: 375 : 550 1I I
 

-------------------------------------------------------------------------------------------I 
Central Delta Average 263 : 863 1 756 : 663 1 848 : 719 : 627 : 5 

I-------------------------------------------------------------------------------------------------------------------I
 

South 1 1985 : 1 - I - -
So9 t5lI I I I II II
 

Delta :1986 373: 897: 730: 856: 717 : 555 : 421 :
 

:1987 200: 450: 325: 425 : 288 : 188 : 200 :
 

-------------------------------------------------------------------------------------------I 

South Delta Averagel 286 : 674 1 528 : 641 : 503 : 372 : 311 : 2 

Notes: Inputs in 1985, 1986, 1987 : 100kg/ha of phosphate of ammonia and 50kg/ha of urea.
 

Source : 	Rapport des campagnes 1985, 1986, 1987. Projet Conjoint N0.31 de L'OUA-CSTR-SAFGRAD.
 

Programme PRAA-MaLi. IER, Bamako.
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TABLE 	2.10: CHANGE IN NET REVENUES WITH THE USE OF THREE TECHNOLOGY PACKAGES FOR MILLET.
 

:--------------------------------------------------------------------------------------------------------

Comparison Year Rainfall Yield Millet Gross Revenue Cost 
 Net Revenue
 

:of the Technical (rmm) Increase Price(F/kg) Increase Increase Increase
 
Packages (kg/ha) (1) (F.CFA/ha) (F.CFA/ha) (2) (F.CFA/ha)
 

Intensive vs 
 1985 360 232 50 11600 10240 1360 

Semi-intensive 

1986 550 346 30 10380 10240 140 
. . . . . . . . ..-----------------------------------------------------------------------------------------------
Intensive vs 1985 360 399 50 19550 24240 -4690
 

1Traditionat
 

i 1986 550 657 30 1Q710 24240 -4530
 

i----------------------------------------------------------------------------------------------------I
 
:Semi-intensive 1985 360 167 50 8350 
 14000 -5650
 
:vs Traditional
 

1986 550 30
311 	 9330 14000 -4670
 

-------------------------------------------------------------------------------------------------------.
 

(1) 	The producer price at harvest, recorded at the weekly markets in the zone, was 30 F/kg in 1986 (a year of
 
aver .ge rainfall) and 50 F/kg in 1987 (a year of poor rainfall).
 

(2) 	The increase in costs concerns only those agricultural inputs purchased off-farm. The increase is
 
therefore an underestimate since it does not take into account amortization of agricultural equipment and
 
draft animals, or the additional labor necessary. Costs are estimated at the purchase price for inputs in
 

1987:
 

100 kg phosphate of ammonia at 140 F/kg = 14000 F/ha.
 

50 kg urea at 130 F/kg = 6500 F/ha.
 

2.4 1 Cypermetrine at 1500 F/I = 3600 F/ha.
 
Fungicide 140 F/ha.
 

Source: 	 Based on raw data from the 1985 and 1986 Annual Reports. Action Pilote Mopti. Projet de lutte
 
int6gree contre les ravageurs des cultures viv'rieres dans Ie Sahel. CILSS. IER. Bamako.
 

purchasing fertilizer, which never ceases to rise, application of
 
mineral fertilizer to millet is not profitable. However, according to
 
Matlon, the application of TRP on millet isjustified if nitrogen is not
 
limiting, rainfall is adequate and the crop is planted early.
 

(3)The technology package promoted by the Operation Riz
 
Mopti (ORM).
 

For the cultivated holdings of the flooded areas of the Delta, the
 
falling level of the flood limits the profitability of the technology

packages promoted. ORM is promoting a technology package which is
 
potentially superior to traditional practices. The rice variety for the
 
package is Oryza sativa DM 16. This variety is appreciated by rice
 
growers for its earliness (135 days as opposed to 150 days for Khao
 
Gaew), its adaptability to different levels of flooding, its
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satisfactory yield and long, fine and better tasting grain than that of
 
Khao Ghew (Dembele, 1986). The other components of the package include
 
an end of season plowing, a seeding density of 70 kg/ha, 100kg/ha
 
phosphate of ammonia at planting and 50 kg/ha urea 10 days after
 
immersion and two hand weedings after emergence. When rainfall is
 
sufficient for development of the seedling and when the flood arrives at
 
the right time and is sufficient, this package can give yields in areas
 
of average flooding in the order of 2,200 to 2,500 kg/ha compared to
 
1,200 to 1,500 kg/ha for the traditional method (variety Khao Gaew sown
 
on a plowed parcel at a density of 70 kg/ha). With the help of a
 
partial budget provided by Ouedraogo and Coulibaly (1984), the marginal
 
rate of return is estimated at 109% on the basis of 1983-84 prices for
 
inputs and open market price for rice of 183 FM/kg.
 

Despite this high marginal rate of return the package is not
 
widely adopted by ORM rice cultivators. According to them the
 
recommended fertilizer dose is beyond their means (35,000 FM in 19838)
 
and is risk in view of the uncertain rainfall and hydrological regime
 
(Ouedraogo and Coulibaly, 1984). According to ORM statistics, the
 
fertilized area of the ORM holdings has never exceeded 7%, the maximum
 
being fertilized in 1982-1983. Since then the proportion has dropped
 
between 1% and 2% because of successive drought years. It can be seen
 
from table 2.11 that a peak flood of the Bani river at Mopti approaching
 
550 cm is necessary for 60% of the cultivated area to be harvested.
 
This level has not been reached in four out of the last ten years (1983,
 
1984, 1986, 1987). This means that three year out of ten the rice
 
grower risks losing an investment of 67,962 FM over and above his
 
traditional technology. One can understand that this technology package
 
has not been adopted by rice growers on the ORM holdings.
 

In order to avoid such a risky investment, the Mopti rice research
 
station tested the same type of package, but replacing phosphate of
 
ammonia with TRP, on the holdings of Operation Riz Segou (ORS). First
 
year tests at Konodimini, Tien-konou, Soke and N'gara and second year
 
tests at Konodimini and Soke did not show significant differences across
 
increasing rates of TRP application. For urea, only one test in the
 
first year gave a significant difference at Soke I (Diarra et al., 1987;
 
Commission Technique Specialisee des Productions Vivrieres et
 
Oleagineuses, 1988).
 

c. Promising Technologies for the Future.
 

In view of the poor response of millet to fertilizer one would
 
anticipate the need to select millet varieties which respond well.
 
However, because of earlier setbacks with tests of varieties that
 
demonstrated high yield potential on station but succumbed to numerous
 
stresses on farm (see section 11.3), the research stations of the
 

8/ Equivalent to 17,500 F.CFA.
 

9/ Equivalent to 33,981 F.CFA.
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TABLE 2.11: BEHAVIOR OF AREA, PRODUCTION AND YIELDS AT ORM FROM 1977 TO 1986 ACCORDING TO RAINFALL AND FLOOD LEVEL
 

--------------------------------------------------------------------------------------------------------------------------------------	 I 

Agricultural Season 11977-78:1978-7911979.80:1980-81:1981-82:1982-8311983.84:1984-8511985-8611986-871198687
 
I I I I I I I I I I I 
I I I I I I I I I I I 

I---------------------------------------------- ---------------------------------------------------------------------------------------	 I 

:Rainfall in Mopti (1) 	 402: 546: 396: 270 433: 3071 3431 454:
 
I II I I I II 

I II I I I II 

:Maximum Height of the Flood 5661 6201 638: 592: 628: 551: 502: 4401 570: 534
 
:of the Bani in Mopti in cm (2) 1 1 1 	 I I1

II I I I II 
I II I I II 

I II I I I II 

;Allotted Area in Ha 212121 210801 18921: 213571 29307: 29085: 307451 30095: 29831: 27042 
I I I I I I I 

I I I I I I I 

:Harvested Area in Ha - 13553: 124011 12341: 170081 25225: 3556: 01 180681 7740: 10701
 
I III I I I 

I II I I II 

jHarvested Area in % 	 641 661 581 58! 591 12: 01 601 4
 
I III I I 

I IIII I I I 

Production in Ton 	 155281 133951 13445: 178191 18334: 5334 0: 25722 5740 7611
 
I 	 IIII I I I 

I II II I I 

lYield (kg/ha) * 1128: 11451 10801 10891 1021: 7281 1500 01 14241 7421 7111 
I III I I I I 

I III I I I I 

I1 

Note: * Yield for the area harvested.
 

Sources: Annual Reports and memento ORM, Mopti.
 

(1) : Rapports Annuels de 1'OMM, Mopti.
 

(2) : Rapport AnnueL 1985. Station Regional de Recherche sur Le riz fLottant
 

et d'immersion profonde. Mopti. CNRA. Avril, 1986.
 

Sahelian 7one have embarked on a selection program for varieties that
 
are more stable, resistant or tolerant to a wider spectrum of physical
 
and biological factors. Having selected earlier maturing varieties
 
which escape end of season drought (IBV 8001 and HKP), commodity
 
research is currently selecting millet varieties which are resistant to
 
Striga and mildew. Drought resistance is more difficult (Matlon, 1987).
 
In Mali, the co-operative program IER-INTSORMIL is screening millet
 
varieties for resistance to drought in the early growth stages and to
 
drought ore and post flowering (Commission Technique Specialisee des
 
Productions Vivrieres et Oleagineuses, 1987). Composites are created
 
from mildew resistant varieties of Indian origin and local varieties
 
(Commission Technique Specialisee des Productions Vivrieres et
 
Oleagineuses, 1988).
 

There is also intense research activity in the area of
 
intercropping. For the miliet-cowpea intercropping pattern which
 
dominates the agriculture of the Fifth Region, researchers are beginning
 
to understand the interactions between plant geometry, spacing, planting
 
date and time of harvest, fertilization and crop protection (S.Traore,
 
1988). These results, combined with a better understanding of
 
traditional techniques, can provide a point of departure for the
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development of on-farm tests. Research has also been carried out on
 
land preparation methods for increasing soil moisture conservation.
 
These methods could be combined with the technologies mentioned above to
 
constitute technology packages. However, they can only be introduced to
 
the farming community on a large scale if a number of other problems are
 
studied and solutions found. These comprise access to appropriate
 
agricultural equipment on the one hand, ano on the other the upkeep of
 
draft animals. These two aspects will be taken up in the next section.
 

Varietal improvement for floating rice is being undertaken. The
 
variety Oryza sativa DM 16 is being used as a check for the selection of
 
h~gher yielding varieties less susceptible to stemborers. Varietal
 
improvement is sought through varietal performance trials on the one
 
hand, and by hybridization on the other (M.Diarra, Director of the Mopti
 
Rice Research Station, personal communication, August 1987).
 

From the varietal performance trials two Oryza sativa rice
 
varieties have been carried forward. The variety BKN 6323 is semi early
 
(135 days), photoperiod sensitive, adapted to the average maximum
 
flooding depth (reaching 1.50 m) but its susceptibility to stemborers
 
has not yet been tested. The variety FRRS 43-3 is semi late (150 days),
 
photoperiod sensitive, adapted to the average maximum and minimum depth
 
of flooding (reaching 1.60m) (SRCSS, 1987). Again, susceptibility to
 
stemborers has not been tested up to the present.
 

In the area of hybridization research is aimed at crossing
 
varieties of floating rice that are well adapted to the region with rice
 
varieties chosen with a view to increasing the productivity of existing
 
floating rice varieties. Results of this hybridization program are
 
expected in four to five years (M.Diarra, Director of the Mopti Rice
 
Research Station, personal communication, August 1987).
 

The floating rice Oryza sativa is not the only species of rice
 
cultivated in the Delta zones. There is also the floating rice species
 
Oryza qlaberrima cultivated under natural submersion outside of the
 
holdings managed by ORM.
 

The species Oryza glaberrim. is a hardy species which has evolved
 
in the ecological conditions of the Delta. It is more resistant to
 
insects, weeds, diseases and drought than the species Oryza sativa. The
 
species Oryza qlaberri,,a is better adapted than Oryza sativa to the
 
different levels of flooding. A number of Oryza glaberrima varieties
 
are early and retain their germination capacity in the event of
 
insufficient moisture. They generally have higher seedling vigor
 
enabling them to compete more effectively against weeds. The principal
 
defects of the Oryza glaberrima varieties is their low yield potential
 
and heavy shattering at maturity of the ears. The species Oryza
 
qlaberrima has a more stable level of production than the Oryza sativa
 
species, representing a valuable attribute given the risks of rice
 
cultivation whether under natural or even controlled flooding.
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In an attempt to reduce the shattering of the Oryza qlaberrima

varieties the Mopti rice research station is conducting a program of
 
varietal improvement by screening and by radiation techniques. The
 
radiation techniques practiced by Swiss laboratories has not yet yielded

positive results (M.Diarra, Director of the Mopti Rice Research
 
Station, personal communication, August 1987).
 

d. Conclusion.
 

This rapid review of available potential technologies which could
 
be tested and adapted to the conditions at farm level by a program of
 
farming systems research, reveals that such technologies are few in
 
number. It appears that improved varieties of cowpea and Tilemsi rock
 
phosphate combined into technology packages are the only technologies

currently available which can make a difference to traditional
 
technologies.
 

In regard to crop storage, low cost chemicals such as actellic
 
dust and phostoxin are available which could reduce post harvest losses.
 
If their supply and utilization should present difficulties one other
 
alternative that could be studied is the improvement of traditional
 
methods of crop storage.
 

These three technologies, each one integrated into a package,

could be tested at farm level from the outset of the DRSPR's work in the
 
Fifth Region. It will also be necessary to continue testing the
 
improved millet varieties IBV 8001 and HKP in order to more accurately

determine the benefits of these early varieties.
 

Technologies that could be available later on include improved

varieties of millet, Oryza sativa rice, Oryza glaberrima rice and other
 
varieties currently undergoing development by research. These will
 
emerge during the next decade and could become the subject of on-farm
 
testing.
 

3. Regional Infrastructure and Institutions.
 

The infrastructure and institutions of the Fifth Region are
 
important factors affecting technology options and the rate of adoption

of technologies being extended. The state of input supply and
 
marketing, pricing policy, the credit system, access to productive
 
resources such as land and family or hired labor have 
a considerable
 
effect on the diffusion of technology packages. We will see in the
 
following chapters that these constraints are very important in the
 
Fifth Region. The development of technology packages needs to take them
 
into account.
 

A better understanding and appreciation of these constraints would
 
enable recommendations to be derived for institutional reform or
 
improvement of the Fifth Region's infrastructure. Such reforms and
 
improvements could have a major impact on the productivity of farming
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systems, and therefore on the crop and livestock production of the Fifth
 
Region. Studies and surveys to this end could be undertaken by an
 
eventual systems research team. In this kind of study it is important
 
that the potential gains from proposed reforms or infrastructure
 
improvements be stated as clearly as possible in order to facilitate
 
decision making.
 

4. Coordination between Research and Development.
 

In his 1980 evaluation report for the research project on the
 
farming systems of southern Mali, Ariza-Niio regretted that systems
 
research constituted a distinct division from that of the Agronomic
 
Research Division (DRA). According to him, the interaction between
 
researchers and producers would have been strengthened by creating a
 
farming systems research unit within the DRA. As far as he is concerned
 
the fct that the DRSPR and DRA come under the overall responsibility of
 
IER does not guarantee good coordination. The annual meetings of the
 
Commission Techniques de la Recherche Agronomique are not sufficient for
 
a detailed discussion of research themes and priorities.
 

Similarly, eight years later, Cassas (1987) observes that "IER is
 
not so much a unified research institution as a collection of programs".
 
He notes that a number of divisions are studying the same themes but
 
with separate programs, that functions are confounded between the DRSPR
 
(inconducting sectorial research for example) and the DRA (carrying out
 
on-farm trials), and that the DET and the DPE are carrying out applied
 
research without linking up with the DRSPR.
 

Coordination between commodity and systems research is not the
 
only form desirable. Coordination with the ODR is also very important.
 
In recent years the DRSPR has reaffirmed coordination with CMDT in the
 
pilot extension of a number of promising technology packages (informal
 
survey 7 - 11 June 1988). In 1987, for example, CMDT incorporated into
 
its extension program three areas of research conducted by the DRSPR:
 
advice on management, training of oxen and improved animal enclosures.
 
In 1988, a program to combat erosion was established following the
 
development of techniques by the DRSPR Fonsebougou systems research
 
team. Launching research themes with the extension service involved
 
from the outset in the implementation and monitoring of farm level tests
 
is the approach currently practiced by the OHV section of the DRSPR.
 

Coordination remains difficult to establish with decision makers
 
in the area of pricing policy, credit policy, and land management
 
policy. The fiscal and customs regimes also have considerable influence
 
on the development of crop and livestock production. These influences
 
are often little understood, however, and consequently are rarely
 
challenged.
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5. The Productivity of the Systems Research Team.
 

Several factors affect the productivity of a multidisciplinary
 
team. Among these factors are the motivation of each team member and
 
the coordination of all members tasks. The theoretical training and
 
accumulated experience of each member are equally important. Finally,

the experience accumulated by the research institution within which the
 
team evolves and the financial resources available are also important
 
factors.
 

A quick method for estimating the productivity of a systems team
 
is to compare the number of researcher man years required for the
 
development of a research theme (from diagnosis to extension) with the
 
product obtained prior to extension. The product developed by systems
 
research can be evaluated in terms of its potential impact on the
 
productivity of farmers' resources. Although it is not valid to project
 
an estimate of the time and resources for systems research to achieve
 
concrete results in one situation to that of another such as the Fifth
 
Region, at least itgives an idea of the time and resources required.
 

For the Fonsebougou section, counting from the year inwhich the
 
multidisciplinary team was set up (1980), five out of the twelve
 
research themes studied reached the extension stage after 7 to 8 years

of research. This period saw a total investment of approximately 72
 
researcher man years and 725 million F.CFA in operational budget. The
 
themes reaching the extension phase are the following: management
 
advice, village approach, soil conservation, training of oxen and
 
improved animal enclosures.
 

For the Bougouni-Sikasso section, counting from the year in which
 
the multidisciplinary team was set up (1979), five out of the seventeen
 
research themes studied also reached the extension stage after 3 to 8
 
years of research. This period saw a total investment of approximately
 
50 researcher man years with a more limited budget than that of the
 
Fonsebougou section. The themes reaching the extension phase are the
 
following: introduction of maize with reduction in labor through animal
 
traction, improvement of maize-millet intercropping, improvement of
 
rainfed rice cultivation, compost with TRP on maize and the training of
 
oxen.
 

In addit in to the time required for the general reconnaissance
 
survey, the majority of the themes developed by these two sections
 
followed the sequence and duration of activities set out below:
 

- diagnosis 1 year 
- testing 2 to 4 years 
- pilot extension 0 to 2 years 

- TOTAL 3 to 7 years. 
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E. CONCLUSION.
 

This chapter has discussed why and how zvstems research has
 
evolved in Mali. Much hope has been placed c >his approach and it has
 
attracted significant external funds. In tei ..
,iof operational budget,
 

u
external support amounted to 272 million F.CFAT in 1987, coming fYm
 
the Dutch government, USAID and IDRC, compared to 68 million F.CFA in
 
1981. This represents a quadrupling of external support in seven years.
 
The national contybution has followed the same tygnd, increasing from
 
9.5 million F.CFA in 1981 to 38 million in 1987 . In 1981, the total
 
budget for systems research (DRSPR) represented 10% of that for
 
commodity research (DRA). In 1987, this proportion exceeded 31%
 
(Commission Financiere, 1988).
 

The role of the DRSPR according to the protocol of agrement
 
between IER and USAID was presented next. The establishment of a
 
research strategy based on systems research poses some difficulties
 
however. Three difficulties have been underlined.
 

These three difficulties of the systems approach led to the
 
identification or four factors which can parLicularly influence the
 
results of the DRSPR in the Fifth Region. The first factor is the small
 
stock of available technologies at station level from which the DRSPR
 
can draw with a view to adapting and transferring them to producers in
 
the Fifth Region. However, it is reasonable to hope that this stock of
 
technologies appropriate to the agroclimatic conditions of the Fifth
 
Region will increase in the course of the next decade.
 

The second factor is the low level of development of
 
infrastructure and institutions in Lhe Fifth Region. This low level of
 
development further reduces the stock of technologies appropriate not
 
only to the agroclimatic conditions of the Fifth Region, but also to the
 
socio-economic and institutional conditions which producers in The Fiftn
 
Region experience. Systems research can also serve as a source of
 
information and proposals for guiding the reforms necessary in the Fifth
 
Region.
 

The third factor concerns coordination between commodity and
 
systems research. In this regard, the structure of research, i.e., its
 
organigram, and the formal and informal opportunities for meeting
 
between station and systems team researchers, are important elements to
 
consider in order that the systems research, with the support of
 

10/ Equivalent to 971,00u US dollars at 1$ = 280 CFA.
 

11/ Equivalent to 243,000 US dollars 
at 1$ = 280 CFA.
 

12/ Equivalent to 34,000 US dollars at 1$ = 280 CFA.
 

13/ Equivalent to 135,000 US dollars at 1$ = 280 CFA.
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commodity research, can have an impact on the productivity of natural
 
resources.
 

Finally, the fourth important factor is the productivity of the
 
research team, on which the results of systems research largely result.
 
The two systems research teams which have worked in a zone of Mali more
 
favorable than the Fifth Region took 3 to 7 years in order to obtain
 
results ready for extension.
 

The agroclimatic, socio-economic and institutional constraints
 
will be presented in the following chapter, according to the major
 
farming systems of the Fifth Region. Chapter four will then propose
 
research themes for an expansion of the DRSPR into the Fifth Region,
 
taking account of these constraints and technologies available at the
 
level of station research or technologies which will become available in
 
the near future.
 



III. FARMING SYSTEMS IN THE FIFTH REGION.
 

A. BACKGROUND INFORMATION ON THE FIFTH REGION OF MALI.
 

The Fifth Region covers an area of 77,800 km2 between the 14th and
 
16th parallels north ("Recensement Administratif et Fiscal du 2 mai
 
1986", Ministere de l'Administration Territoriale et du Developpement a
 
la Base). To the north east lie the sixth (Tombouctou) and seventh
 
(Gao) regions, and to the north west Mauritania. To the south west lies
 
the fourth region (Segou), and to the south east Burkina Faso (see map

of Mali, fig. 3.1).
 

In the southern part the climate is sudano-sahelian with more than
 
600mm of rainfall annually at Djenne. It becomes sahelian to the north,
 
with rainfall between 200mm and 400mm. In table A.1 in annex A the
 
rainfall records show a significant fall in rainfall during the period

1977 to 1987 compared to the long run average.
 

The soils of the Niger Delta are clay, silty clay, and clayey silt;

those of the Seno plain and plateau plains of Bandiagara sandy and sandy
 
loam.
 

The Fifth Region is administratively divided into 8 circles, which
 
are further subdivided into districts. According to the general

population and housing census of April 1987, the Fifth Region has
 
approximately 1,261,000 inhabitants, giving rise to an average
 
population density of 16 persons/km2. Table A.2 in annex 2 gives the
 
area, population and density for each circle in the region.
 

Economic activities in the Fifth Region of Mali comprise mainly

those in the primary and tertiary sectors. Primary sector activities
 
are principally crop production, herding and fishing. Trade is the
 
principal tertiary sector activity, both with other regions of Mali and
 
with neighboring countries. This study focuses on the primary sector of
 
the Fifth Region.
 

1. Principal Components of the Primary Sector in the Fifth Region.
 

Primary sector activities in the Fifth Region have been the concern
 
of four specialized rural development programs:
 

1. ODEM : Operation de Developpement de l'Elevage dans la region de
 
Mopti (Mopti Livestock Development Program).
 

2. ORM : Operation Riz de Mopti (Mopti Rice Program).

3. OMM : Operation Mils de Mopti (Mopti Millet Program).

4. OPM : Operation Peche de Mopti (Mopti Fish Program).
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Two of the four Operations de Developpement Rural (ODR) are
 
fully operational with external funding. The Operation Riz Mopti (ORM)
 
and Operation de Developpement de l'Elevage dans la Region de Mopti
 
(ODEM) benefit from CCCE and WB funding. The Operation Peche Mopti
 
operates with a remaining EDF funds. The Operation Mils Mopti (OMM) has
 
been recently restructured into a Direction Regionale d'Agriculture
 
(DRA) with no external funding since USAID ceased its financial and
 
technical assistance in 1984. The Fifth Region benefits from two
 
agronomic research stations depending under IER: the deep water and
 
floating rice research station based in Mopti (previously under WARDA)
 
and the Point d'Appui de Recherche (PAR), a station located in the
 
rainfed Seno plain which conducts trials under the supervision of the
 
Cinzana agronomic research station. Since 1979 SAFGRAD has been
 
conducting on farm tests on technologies recommended by the Division de
 
Recherche Agronomique (DRA/IER). In Mopti there is also based a
 
hydrobiological laboratory under technical assistance of ORSTOM. The
 
Banque Nationale de Developpement Agricole (BNDA) has a oranch based in
 
Sevare which provides credit to village groups through the ODRs or the
 
Direction Nationale de la Cooperation (DNACOOP).
 

a. Crop production.
 

Statistics for cereal production from the Office Statistique des
 
Communautes Europeennes (OSCE) are presented in tables A.3, A.4, A.5,
 
A.6, A.7 in annex A. Cereal production in the Fifth Region is
 
principally composed of rice, millet, sorghum, fonio, and finally maize.
 
During the period 1974-86 the region accounted for 40% of the average
 
area cultivated in rice nationally, and 26% of total rice production.
 
For millet, sorghum and fonio over the same period, the region accounted
 
for an average of 24% of the area cultivated nationally, and 16% of
 
production. Regional production of maize contributed only 1% of the
 
national harvest, from 5% of the total area cultivated. By implication,
 
cereal yields in the Fifth Region are lower than the national average.
 
Rice production is dependent on flooding by the Niger River and its
 
tributary the Bani. Rainfed crops (millet, sorghum, fonio and maize)
 
are dependent on the erratic sub-saharan rainfall. Agriculture in the
 
Fifth Region is extensive in nature.
 

The regional area devoted to rice decreased at a rate of 4%
 
annually between 1974 and 1986, while production was maintained (trends
 
estimated from the OSCE statistics, table A.3 in annex A). Nationally,
 
area and production stayed at the same level between 1974 and 1986.
 
Whereas national production of millet, sorghum and folio was increasing
 
at a rate of 5.6% per annum during the period 1974-86 , and national
 

1/ This estimated rate is surprisingly high compared to other
 

statistics which generally indicate a 3% increase over the same period.
 
These statistics should be interpreted with caution given that they are
 
based on rough estimates of area and yield. They only indicate a trend.
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area cultivated was increasing at a rate of 3.4% per annum, regional

production of and area cultivated in sorghum, millet and fonio stayed

the same (trends estimated from OSCE statistics, see table A.4 in annex
 
A). Consequently, the regional cc ntribution to millet, sorghum and
 
fonio production has diminished.
 

Legume production is equally important for the region. Cowpea is
 
generally intercropped with millct. Groundnuts and wandzou are
 
generally cultivated in pure stands on small plots. Dah, sesame and
 
Guinean sorrel are also cultivated.
 

The Bandiagara plateau is a major producer of vegetables. Onions
 
from the dogon area can be found in every market in Mali and in
 
surrounding countries.
 

b. Livestock.
 

Tables A.8, A.9, A.10, and A.11 in annex A provide statistics on
 
livestock in the Fifth Region of Mali. Cattle on the hoof represent an
 
important stock of capital in the Fifth Region. According to OSCE
 
statistics, cattle accounted for 23% of the national livestock total
 
during the period 1977-87. No significant change was observed, either
 
at the national or regional level. Two periods of reduction in the
 
livestock population of the Fifth Region have been observed,
 
corresponding to drought years; 1978 and 1983-85. At a national level,
 
the drought of 1983-85 had a more marked effect on cattle and sheep and
 
goat numbers than the drought of 1978.
 

The Fifth Region is a major exporter of cattle on the hoof to
 
Burkina Faso and coastal countries (principally Ivory Coast). At the
 
beginning of the 80's these exports could cover imports of both
 
agricultural products and manufactured goods into the region. According
to the annual reports of ODEM (see statistics in table A.11 in annex A), 
the numbers of cattle and sheep/goats exported tended to decrease during 
the period 1980 - 1986. 

c. Fishing.
 

The fisheries sub-sector is very important for the Mopti region,

specifically the Central Delta, South Delta and North Delta. 
 Fishing is
 
practiced by the Bozo and Somono ethnic groups. Two types of fishing
 
can be distinguished according to the degree of movement of the
 
fishermen: nomadic and semi-nomadic. A tendency for marketed production
 
to fall over time can be observed in table A.12 in annex A.
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d. Conclusion.
 

The Fifth Region has important production potential. According to
 
a recent study financed by the orld Bank (Stryker et al., 1987), Mali
 
possesses comparative advantage in the production of cotton and
 
livestock for export, and in cereal and rice production for local
 
consumption. Of these four areas of comparative advantage, the Fifth
 
Region possesses three: livestock, cereal production (with the exception

of maize) and rice. The contribution of the Fifth Region to national
 
production is (OSCE, 1988):
 

- 16% for millet, sorghum and fonio (average for the period 
1974 to 1986),
 

- 26% for rice (average for the period 1977 to 1986), 
- 23% for cattle and 10% for small ruminants (average for the 

period 1977 to 1987).
 

2. The Three Natural Zones of the Fifth Region.
 

In 1978, IER identified and described eight natural regions in the
 
Fifth Region, taking account of the rainfall pattern, flooding pattern
 
and soil characteristics. Table B.1 in annex B presents the principal

characteristics of these eight natural regions. Instead of grouping

these natural regions into one flooded zone for the four natural regions

of the delta and one non-flooded zone for jhe remaining natural zones as
 
the authors of the present study have done , these regions are in this
 
case grouped into three large zones, specifically the Delta, Dogon

Plateau (or Bandiagara Plateau) and the Seno Plain with South Gourma.
 
This grouping in three large zones is carried out in order to take
 
account of distinct hydrological, soil and population characteristics.
 
These three large natural zones are described accordingly:
 

a. The Delta.
 

The Delta is a partially inundated plain, flooded by the Niger

floods and its tributary the Bani. This natural zone has a relatively

flat topography varying between 260 and 280 meters in altitude. 
 To the
 
north lie the large lakes which provide reservoirs during the dry
 
season.
 

21 
 The theory of comparative advantage says that a country should
 
produce and export those goods for which it has higher relative
 
productivity and import those for which it does not have this advantage.
 

3/ This distinction is 
set aside since the flooded and non­
flooded parts cover the four natural regions of the delta.
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The Delta extends over the circles of Djenne, Mopti, Tenenkou and
 
Youwarou and the lakeside part of the Douentza circle
 
(arrondissement of Bore and NGouma). This natural zone is separated
 
from the other two natural zones by the San-Gao road.
 

The Delta covers an area of 35,889 km2 with a population of around
 
606,000 inhabitants, representing 46% of the land area and 48% of the
 
population of the region. The population density of 17 people per km2
 
is slightly higher than the regional average of 16/km2 ("Recensement
 
General de la Population et de l'Habitat", July 1987)
 

The principal economic activities of the Delta are crop production
 
(primarily millet and rice), livestock and fishing. The town of Mopti
 
is an important commercial and administrative center. An ancient
 
activity, rice cultivation is practiced with either natural or
 
controlled flooding. The rainfed crops, primarily millet, sorghum and
 
groundrnu, are cultivated on the elevated land of the Delta. Flood
 
recession agriculture is found in the northern, low lying part of the
 
Delta, which is also an excellent pastoral zone by virtue of its dry
 
season pastures. Th~se pastures are made up of an herbaceous forage
 
plant, the "bourgou" (Echinochloa Stagnina) which has given the name
 
"bourgoutiere" to the pasture zone of the Delta. During the Niger and
 
Bani floods the herdsmen migrate to the non-flooded zones. Following
 
the recession, the herdsmen return to the Bourgoutieres. Fishing is
 
principally practiced in the middle and upper delta.
 

b. The Seno Plain.
 

The Seno 5 plain essentially covers the Bankass circle, the Koro
 
circle and the south east part of the Douentza circle (the
 
arrondissement of Mondoro and the southern part of the Boni, Hombori and
 
Douentza central arrondissements).
 

The Seno is a vast plain ranging from 250m to 300m in altitude. To
 
the north it is bordered by South Gourma, characterized by rocky
 
outcrops ringed with dunes. The Bandiagara escarpment constitutes its
 
north western limit and Burkina Faso its south eastern limit. From
 
north to south the Seno Plain appears as a parallel succession of smooth
 
dunes followed by sandy-silt plains. The Seno plain and South Gourma
 
extend over 33,695 km2 representing 43% of the area of the Fifth Region.
 
These two zones are inhabited by a population in the order of 473,000, a
 
density of 14 persons per km2, lower than the regional average of 16
 
persons per km2 ("Recensement General de la Population et de l'Habitat",
 
July 1987). This represents 37% of the total population of the Fifth
 
Region.
 

4/ Peul word meaning flooded plain.
 

5/ Peul word meaning non-flooded plain.
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Administratively, South Gourma comprises the north of the
 
arrondissements of Douentza central, Boni and Hombori in Douentza
 
circle. South Gourma is primarily dedicated to pastoralism.
 

Within the Seno plain it is possible to distinguish two sub-regions
 
as follows:
 

(1) The Seno-Mango6 covers the arrondissement of Mondoro, the
 
southern part of the arrondissements of Boni, Hombori and Douentza
 
central in the Douentza circle, and the arrondissements of Dinangourou
 
and Dioungani in the Koro circle. The Seno-Mango region is essentially

agro-pastoral, with rainfall between 200mm and 400mm annually for the
 
period 1977 to 1986. The rainfed crops cultivated include millet,
 
cowpea, groundnut, fonio and wandzou. During the dry season, the Seno-

Mango also serves as a transhumance zone for the animals of the Delta
 
and the animals from the cultivated parts of Seno-Mango and Seno-Gondo.
 

The Seno-Mango and South Gourma extend over an area of
 
approximately 17,551 km2 with a population in the order of 192,000, a
 
density of 11 people per km2 ("Recensement General de la Population et
 
de l'Habitat", July 1987).
 

(2) The Seno-Gondo 7 covers the entire Bankass circle, and that of
 
Koro with the exception of the Dinangourou and Dioungani
 
arrondissements, which come under Seno-Mango. The area is in the order
 
of 16,144 km2 with a population of 326,000, a density of 20 people per

km2, higher than that of the Delta ("Recensement General de la
 
Population et de l'Habitat", July 1987). Like the Seno-Mango this
 
region is essentially one of mixed farming. However, it enjoys a higher

level of rainfall, ranging from 400mm in the north to 700mm in the south
 
during the period 1977 to 1986. The principal crops are millet, cowpea,
 
groundnut, fonio and wandzou. Despite its limitations of soil and
 
hydrology, the Seno-Gondo region is considered the millet granary of the
 
northern part of the country, primarily supplying the markets of
 
Bandiagara, Mopti, Gao and Tombouctou. Sheep and goats take priority
 
over cattle raising.
 

c. The Dogon or Bandiagara Plateau.
 

The plateau essentially extends over the circle of Bandiagara at an
 
elevation generally between 300m and 600m, with some valleys situated
 
between 150m and 300m and rocky peaks rising to 800m. The plateau
 
covers an area of 8,219 km2 with a population in the order of 183,000, a
 
density of 22 people per km2, the highest density in The region with the
 
exception of that of the commune of Mopti ("Recensement General de la
 

6/ Peul word meaning large plain.
 

7/ Peul word meaning Gondo plain.
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Population et de l'Habitat", July 1987). The area of the plateau
 
represents 11% of the Fifth Region, and is home to 15% of the region's
 
population.
 

The cultivable land of the plateau is limited to 22% of the total
 
available (Chef de Secteur de Developpement Rural de Bandiagara,
 
personal communication, July 1987). The land is cultivated with millet,
 
cowpea, groundnut, fonio and wandzou. The Yame river crosses the
 
plateau from south east to north west. The tributaries of the Yame and
 
the flooded depressions provide numerous opportunities for dry season
 
vegetable gardens. Rearing small ruminants predominates over cattle.
 

B. AGROCLIMATIC ZONES.
 

1. Agroclimatic zones of the Delta.
 

The agroclimatic characteristics of the Delta are given in tables
 
B.2 and B.3 in annex B. Crop, livestock and fishing activities depend
 
on the physical environment. In order to identify the relationships
 
between the physical environment and rural activities, and to identify
 
the potential and constraints to production, the Delta has been divided
 
into four agroclimatic zones according to the following criteria:
 

- r infall regime, 

- hydrological regime, 

- soil potential and limiting factors. 

Figure 3.2 shows schematically the agroclimatic zones for the
 
delta.
 

a. The South Delta.
 

(1) Administrative boundaries, area and population.
 

The South Delta covers the Djenne circle, the southern part of the
 
Mopti circle (arrondissement of Soye) and the southern part of the
 
circle of Tenenkou (arrondissement of Diafarabe). The extreme south of
 
this zone belongs to the mid Niger-Bani (PIRT,1986). The South Delta
 
covers an area of 6,286 km2 (18% of the area of that part of the Delta
 
in the Fifth Region) with a population of 153,480, d density of 25
 
people per km2 (25% of the total population of that part of the Delta in
 
the Fifth Region).
 

The population is composed of Bambara, Bozo, Peul and some Dogon
 
who came from Seno and the Plateau.
 



FIGURE 3.2: THE AGROCLIMATIC ZONES 
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(2) The rainfall regime and pressure on the land.
 

Rainfall varies between 350mm and 600mm annually. The historical
 
average for the period 1926 to 1975 at the Djenne station is around
 
600mm as opposed to 440mm for the last decade, a decline of roughly
 
160mm. As a consequence of this decline in rainfall the length of the
 
agricultural season has shortened considerably.
 

According to PIRT (1986), pressure on the land is high around the
 
rice polders where 50 to 75% of the arable land is under cultivation.
 
On the plains it is moderate with around 50% of the arable land used for
 
rainfed crops.
 

(3) The hydrological regime.
 

A large part of the South Delta is inundated by flooding from the
 
Niger and the Bani. The height of the floods has decreased
 
considerably. At the Sofara station, for example, the average maximum
 
height of the flood was 422cm for the period 1981 to 1986 as opposed to
 
672cm for the period 1968 to 1971. The vast bourgoutieres such as
 
Pondori (flooded by the Bani), Yongari and Mangari (flooded by the Niger
 
and its tributaries), are currently flooded only to a minor extent.
 

(4) Potential of soils and :heir limiting factors.
 

According to the distribution of soil/vegetation units in the Delta
 
zones (PIRT, 1986), the South Delta is dominated by clayey and silty
 
clay soils. Flooded soils are important, but less so compared to the
 
Central Delta. However, the hydromorphic behavior of the soils is
 
temporary because the soils are deep (more than 100cm) and well drained.
 

Despite the fact that the South Delta belongs to the sudanian zone,
 
and is currently experiencing rapid ecological degradation, the
 
vegetation still remains quite abundant. On the non-flooded areas the
 
Acacia Albida and Acacia Seyal are dominant. The flooded areas, on the
 
other hand, are occupied by Vetiveria Niqritata, Biflorus and Andropoon
 
Gayanus.
 

Assuming that the flooded soils are highly suitable land, it could
 
be said that the South Delta presents Few obstacles to crop, livestock,
 
or forestry production. The soils are deep (more than 100cm), well
 
drained and temporarily hydromorphic. lhe soils lend themselves equally
 
well to irrigated or rainfed crops. The decline in rainfall, however,
 
represents the limiting factor for crop production.
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b. The Central Delta.
 

(1) Administrative boundaries, area and population.
 

Covering the Mopti circle (apart from the arrondissements of
 
Sandogue, Korientze and Soye) and the Tenenkou (apart from the
 
arrondissements of Diafarabe, Dioura, and the western part of the
 
arrondissement of Toguere Kumbe), the Central Delta has an area of
 
11,348 km2 (31% of the total area of the Delta in the Fifth Region) with
 
a population of 290,724, resulting in a population density of 26 people
 
per km2 (48% of the total population of the Delta in the Fifth Region).

The population is mainly composed of Rimaibe, Bambara, Peul and Bozo.
 
There are a few Dogon and Marka.
 

(2) The rainfall regime.
 

At the Mopti station, the average rainfall for the last decade was
 
390mm as opposed to an historical average of 530mm for the period 1926
 
to 1975. The Central Delta is currently located between the 250mm
 
isohyet north of Konna and 300-350mm south of Mopti. The Central Delta
 
is in the northern sahel zone with an arid climate and short growing
 
season.
 

(3) The hydrological regime.
 

As for the South Delta, a considerable decline in the flooding

regime has occurred in the Central Delta. For example, the maximum
 
height of the Bani floods at the Mopti station was 538cm for the period

1981 to 1986 as opposed to 700cm for the period 1968 to 1971. This zone
 
is entirely located in the active Delta, resulting in flooding over
 
60-74% (PIRT, 1986). This explains the importance of rice land with
 
natural and controlled flooding. The zone has little pasture such as
 
that provided by the bourgoutieres.
 

(4) Potential of soils and their limiting factors.
 

According to PIRT (1986) the soils of the Central Delta are mainly

flooded, more or less hydromorphic, silty clays and sandy clays. These
 
soils are of average depth (50 to 100cm) and well drained.
 

The eastern border forms a narrow sandy band running from
 
Somadougou to Konna and is generally cultivated to millet.
 

The flora of the active delta is determined by the level and
 
duration of the floods. Ligneous species predominate on the non-flooded
 
areas.
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c. The West Delta or the Mema.
 

(1) Administrative boundaries, area and population.
 

The West Delta covers the west and north western parts of Tenenkou
 
circle, specifically the arrondisement of Dioura and the western part of
 
the arrondissement of Toguere Kumbe. In order to facilitate estimates
 
of area and population the Delta West zone has been compared to the
 
arrondisement of Dioura, thus covering an area of 4,246 km2 (12% of that
 
part of the total area of the delta in the Fifth Region) with a
 
population of 3,396 (2%of that part of the total population of the
 
delta in the Fifth Region) and a density of 3 persons/km2. The
 
population is composed of Bambara, Marka (mixed farmers) and Peul
 
(herders).
 

(2) The rainfall regime.
 

Rainfall presently varies between 200mm and 450mm with an annual
 
average of 328mm over the last decade. It is a particularly dry zone,
 
having a very arid climate without the benefit of any flooding at the
 
present time. The growing season has been considerably reduced, ranging
 
from 25 to 45 days as opposed to 45 to 90 days in a normal year in
 
earlier times.
 

(3) The Hydrological regime.
 

The West Delta has been a flooded part of the Niger basin since
 
ancient times. However, there are some ravines which carry the outflow
 
from the Office du Niger's irrigated perimeters. This water is used for
 
vegetable production and watering animals. Aside from this water source
 
there also exist depressions which accumulate rainwater. A number of
 
these are currently being deepened by ODEM in order to provide
 
reservoirs in Mema for the cattle herds while they are waiting to move
 
into the bourgoutieres. Mema is primarily a dry season pasture and
 
cattle waiting zone, complementary to Farimake (the northern part of
 
Nampala in the fourth region) and the Mauritanian sahel. Overall, the
 
limiting factor for the West Delta is inadequate and unfavorably
 
distributed rainfall. To this should be added the problem of wind
 
erosion.
 

(4) Potential of soils and their limiting factors.
 

According to the soil map of PIRT (1986), the Delta West comprises
 
eroded dunes (42%), sandy silt plains (49%) and stable dunes (10%).
 
PIRT estimate that 45% of the total land of Delta West is cultivable and
 
of average natural fertility. The non-arable lands are mainly the sandy
 
soils and dunes, constituting more than 53% of the area in this zone.
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d. The North Delta.
 

(1) Administrative boundaries, area and population.
 

The North Delta extends over the circle of Youwarou, the north of
 
Mopti circle (the arrondissements of Korientze and Sendegue), and the
 
west of Douentza circle (the arrondissements of N'Gouma and Bore). The
 
North Delta covers an area of approximately 14,000 km2 (39% of the total
 
area of the delta in the Fifth Region) with an estimated population of
 
148,400 (20% of the total population of the delta in the Fifth Region)

with a density of 11 people per km2. The population comprises Peul,
 
Touareg, Tamachek, and some Sonrai herders, some Bambara and Rimaibe
 
agropastoralists and some Sorko (Somono) fishermen.
 

The lakeside zone is characterized by the presence of lakes and
 
ponds around which the population is engaged in a range of economic
 
activities, particularly recession agriculture, herding and fishing. It
 
should also be noted that when water levels are high the lakes and
 
ponds, and the water courscs that supply them, are navigable for part of
 
the year. Currently, with the low level of the floods, all these
 
economic activities have declined in importance because of the reduction
 
in the available flooded areas. The economic potential of the lakes and
 
ponds located in the extreme northern part of the zone (i.e. the lakes
 
of the zones bordering Gourma) has greatly declined compared to the
 
potential of those situated in the south.
 

(2) The rainfall regime.
 

Rainfall is very low in this zone. The recent average annual
 
total is in the order of 222mm at Korientze and 218mm at Sendegue, as
 
opposed to a historical average of 400mm for the period 1929 to 1980.
 
This reduction in rainfall has resulted in a considerable shortening of
 
the length of the agricultural season, which is ncw in the order of 25
 
days as opposed to 45 days in a normal year. Pressure on the land is
 
only high around the lakes and bourgoutieres.
 

(3) The hydrological regime.
 

The North Delta is principally a zone of lakes, from which it
 
derives its name as the "lakeside zone". The Niger flows into the large
 
topographical depressions which are natural ravines. These depressions
 
(lakes and ponds), provide large reservoirs of water in the dry season.
 
As a result of the low level of flooding, however, few of the lakes are
 
flooded nowadays and many are filling up with sand.
 

The principal lakes of the region are: the Debo lakes, Tanda,
 
Kabara, Korientze, Koraru, Aougoundou and a part of the Niangay lake.
 
In this section, however, the focus will be on certain lakes in the
 
arrondissements of Korientze (Mopti circle) and N'Gouma (Douentza
 
circle) which were visited by the evaluation team for the expansion of
 
DRSPR activities in the Fifth Region in April 1988. According to the
 
head of the Secteur de Developpement Agricole de Douentza, the Niangay
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lake 	has received no water since 1982. In addition to Niangay lake
 
numerous other lakes in the arrondissement of N'Gouma received no water
 
during the 1987-1988 agricultural campaign, including the Belambi, Oradu
 
and Koraru lakes. Only the beds of the Aougoundou and Sao lakes
 
received a little water during this period. In the arrondissement of
 
Korientze, farmers also reported a decrease in the cultivable area for
 
recession crops. According to the farmers of N'gorodia (arrondissement

of Korientze) the Samakiri lake, which used to provide many

opportunities for flood recession agriculture, has received no water
 
since 1980. Currently , the farmers in this locality only farm the
 
cultivable land of the Kodie pond where the weed growth poses serious
 
difficulties. According to farmers in Korientze, rice cultivation is 
no
 
longer possible on the Kaira plain because of the low level of floods.
 

(4) Potential of soils and their limiting factors.
 

The soils of the North Delta are hydromorphic with little or no
 
drainage. These are brown sub-arid soils with erodcd stable dunes on
 
the surface. The base of these soils is impermeable, which results in
 
their hydromorphic properties. The high water retention and capillarity

of these soils makes flood recession cropping possible in the lake
 
basins. The North Delta, because its bourgoutieres are flooded from
 
August to December, provides excellent dry season pasture.
 

2. 	Agroclimatic Zones of the Seno plain and the Cultivable
 
Plains of the Bandiagara plateau.
 

Table B.4 in annex B presents the agroclimatic zones of the Seno
 
plain and the cultivable plains of the Bandiagara plateau. This
 
division into zones has been presented in Henry de Frahan and Diarra
 
(1987). It is based on soil mapping by the land resources inventory

project (PIRT, 1983). Soils with similar characteristics have been
 
grouped together to simplify the division into zones. Two other
 
criteria have been added to that of soil characteristics. These are
 
rainfall and population pressure on the arable land. Figure 3.3
 
presents a schematic map of the agroclimatic zones of the Seno plain and
 
Bandiagara plateau.
 

Among the seven zones identified (see table B.4 in annex B), three
 
have been included in this study on the basis of size, population
 
density and production potential:
 

-	 zone 2 or North Seno,
 

-	 zone 3 or Central Seno and Plateau, 

-	 zone 4 or South Seno. 

These three zones are briefly described below. For greater detail the
 
reader is referred to Henry de Frahan and Diarra (1987).
 



FIGURE 3.3: AGROCLIMATIC ZONES 
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a. 	North Seno.
 

North Seno covers the eastern part of the arrondisement of
 
Diankabou and the Dinangourou and Dioungani arrondissements of Koro
 
circle. These are eroded dunes comprising primarily red-brown sub-arid
 
soils in transition to ferruginous and little leached ferruginous soils.
 
Herding and crop production are both practiced on the eroded dunes which
 
provide both pasture and areas suitable for millet cultivation with long
 
periods of fallow. Climatic constraints are serious and tend to
 
restrain the choice of plant species. Rainfall recorded for the period
 
1977 to 1986 varies between 300mm to 400mm annually.
 

b. 	Central Seno and the cultivable land of the Bandiagara
 
Plateau.
 

These two zones cover roughly the arrondissements of Madougou,
 
Koporo Na and the north of the central Koro arrondissement in Koro
 
circle and the arrondissement of Goundaka and a part of the
 
arrondissement of Wo in the Bandiagara circle. It is a plain of loamy
 
material. It is made up of leached ferruginous soil for crop production
 
with a short period of fallow. The eastern border of this plain,
 
corresponding to the north eastern and south western parts of Dioungani,
 
is composed of fine silty materials. It comprises leached brown
 
tropical soils which are used for herding.
 

The agricultural production potential of this region is average.
 
The climatic constraints are very serious. Rainfall recorded for the
 
period 1977 to 1986 varies between 400mm and 450mm annually.
 

c. South Seno.
 

South Seno covers the arrondissement of Toroli and the south of
 
the central Koro arrondissement in the Koro circle, the central Bankass
 
arrondissement, the eastern parts of the arrondissements of Kani Bonzon,
 
Diallassagou and Sokoura and the central part of Ouenkoro arrondissement
 
in Bankass circle. These are eroded dunes with little leached
 
ferruginous soils used for crop production. Agricultural production
 
potential is average and is subject to serious climatic and, in some
 
locations, hydromorphic constraints. For the period 1977 to 1986, the
 
annual average rainfall varied between 450mm and 600mm.
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C. FARMING SYSTEMS IN THE FIFTH REGION OF MALI.
 

1. Introduction.
 

Through the process of adaptation to conditions of the natural,

socio-economic and political environment, and to the objectives of rural
 
people, more or less distinct farming systems have evolved. Systems or
 
sub-systems with similar characteristics can be grouped together in the
 
same class of homogeneous system (Norman, 1980; Hildebrand, 1981).

These classes or homogeneous systems constitute recommendation domains
 
(Byerlee et al., 1982) which can serve as a basis for the development of
 
local specific techniques. Byerlee et al. (1980) define recommendation
 
domains as being groups of producers for whom the same recommendations
 
apply.
 

Okigbo (1981) suggests that rural production systems comprise one
 
or mo 'esub-systems. Each sub-system can be distinguished from the
 
others by the following elements.
 

- Physical or chemical: climate, soils, nutrients, etc.
 

- Biological: cultivated plants, livestock species, insects,
 
diseases, etc.
 

- Socio-economic: labor force, markets, preferences,
 

religious beliefs, etc.
 

- Level of technology: tools, machines, practices, etc. 

- Management: level of education, decision making, etc. 

These elements mentioned above interact with each other and affect
 
the production process. Other no less important elements affect farming
 
systems. Among them are the following:
 

- Storage and utilization of vegetable and animal products
 
and by-products.
 

- Institutional fact,,rs.
 

- Population.
 

- Local industries and off-farm activities, etc. 
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2. Principal Farming Systems in the Delta.
 

Table B.5 in Annex B presents the principal Delta farming systems
 
and their sub-systems encountered in the Fifth Region. This section
 
presents the agropastoral and pastoral systems, and fishing in the
 
Delta.
 

a. Summary description of the agro-pastoral system.
 

The agropastoral system represents one of the principal farming
 
systems in the Delta. Examples of a purely crop based farming systems
 
are rare. The agropastoral system effectively comprises three sub­
systems; the rainfed crop sub-system, the flood recession crop sub­
system, and the sub-system of crops irrigated either naturally, or
 
through controlled water flow or with motorized pumps as in the small
 
village irrigated perimeters (PPIV).
 

In the agropastoral system, crop production has always been given
 
priority over livestock production. The majority of agropastoral system
 
farmers (Bambara, Marka and Rimaibe) own some ruminants (cattle, sheep,
 
goats) and donkeys for transport. Cattle are herded or used as draft
 
animals. In the former case, cattle represent a form of savings or
 
investment for the farmer. The sheep and goats represent a bank account
 
for the household since they are easily slaughtered for aome consumption
 
or sold to meet urgent financial problems.
 

In the agropastoral system, harvest residues and kitchen leftovers
 
are used for fattening castrated rams known as "mouton de case".
 
Poultry rearing is less developed and limited to local breeds of cocks,
 
hens and pullets. The manure produced by the animals is transported to
 
the millet and sorghum fields, and vegetable crops. Chemical
 
fertilizers are rarely used by farmers on millet and sorghum fields, but
 
are used, however, on the ORM rice polders. The use of Tilemsi rock
 
phosphate (TRP) has encountered several problems. The majority of
 
farmers do not have experience of TRP, and those who do dislike its
 
powdery and dirty appearance and slow effect. Many farmers use
 
fungicides for treating sorghum and millet seed.
 

In the agropastoral system one observes both individual and family
 
fields. The family fields receive priority in the use of family and
 
outside labor, which farm households can call upon either as a form of
 
mutual help, or pay for in cash or kind. Generally, payments in cash or
 
kind arising either from agricultural tasks performed outside of the
 
farm household, or from migration, do not belong to the individual but
 
come under the patrimony of the farm household. The predominance of the
 
household over the individual testifies to the continuing presence of
 
patriarchal forms of labor organization.
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(1) The rainfed crop sub-system.
 

The rainfed crop sub-system is much more widespread in the South
 
Delta than in the other Delta zones. It gradually diminishes in
 
importance as one travels westward, finally becoming of marginal
 
importance in the Center and North. The rainfed crop sub-system is
 
essentially based on millet and sorghum, which are often intercropped
 
with other crops.
 

The most widespread form of intercropping is millet and cowpea.

Other intercrops which can be observed are millet-sorghum, millet­
groundnut, millet-dah, millet-tobacco, millet-tomato, millet-cowpea­
wandzou. Intercrops with maize include maize-squash, maize-watermelon,
 
rainfed rice-maize, in the last case with maize being the secondary
 
crop. Fonio, sweet potato and potato are grown as sole crops. The
 
intercrops with millet, maize and rainfed rice are primarily for home
 
consumption. For mechanized farms, intercropping of cowpea and
 
groundnut with millet makes weeding operations difficult. Consequently,

for these farms there is a tendency for groundnut and cowpea to be
 
cultivated in pure stands.
 

As a result of climatic risks, areas formerly reserved for rice
 
cultivation are more and more frequently used by farmers for the
 
cultivation of sorghum and millet on ridges. Some farmers no longer

follow the practice of making mounds of organic material as is still
 
widespread in the Seno Plain. For the cultivation of sorghum, the
 
mounds have been replaced by holes dug in non-sandy spots which are
 
filled with manure. The sorghum is then sown after the first useful
 
rain. Millet is cultivated in the sandy areas. Early millet varieties
 
(3 month cycle) are generally cultivated in the fields around the house
 
which are rich in manure. Late varieties of sorghum and millet (4

months) are cultivated on the outlying fields. The disappearance of
 
certain long cycle varieties of millet, sorghum and groundnut has been
 
noted, as they have difficulty in adapting to the decline in rainfall
 
observed in the course of the last decade.
 

Rainfed agriculture is largely dependent on the quantity,

distribution and duration of the rainy season. As a general rule,

plowing begins 
in May or June, after two good rains, when it is possible
 
to turn the soil. Sowing does not begin on any fixed date, but rather
 
when the soil has sufficient moisture to permit germination of the seed,
 
usually in July. In the Delta, the first useful 
rains currently do not
 
fall until the first ten days of June. As for the final showers, they

tend to fall in the second ten days of September rather than the first
 
ten days of October.
 

The Operation Mils Mopti (OMM) carried out tests of improved

millet varieties (IBV 8001, HKP, M2D2), sorghum (CE9O) and cowpea (TN

88-63, Gorom-Gorom) along the Kona-Mopti-Djenne axis. OMM reports that
 
IBV 8001, due to its earliness, has given good results under unfavorable
 
rainfall conditions. However, this variety is highly susceptible to
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bird attack. The variety IBV 8001 is at the stage of pilot extension to
 
farmers.
 

(2) The flooded crop sub-system.
 

The flooded crop sub-system involves three main methods of
 
irrigation as follows: natural flooding, controlled flooding and the
 
small village irrigated perimeters (PPIV) using motorized pumps. Rice
 
cultivation with natural flooding is a marginal practice in the northern
 
zone and non-existent in the West Delta. In the South Delta, natural
 
flooding of rice is common. It is even more so in the Central Niger
 
Delta where there is also a heavy concentration of rice cultivation with
 
controlled flooding. The latter is also widespread in the South Delta
 
but non-existert in the North and West Delta. The small village
 
irrigated perimeters are found in the Central Delta where pump
 
installation has been concentrated. The PPIV are few in the South and
 
North Delta and non-existent in the West Delta.
 

Natural flooding is entirely dependent on hydrological and
 
climatic fluctuations. Rice is sown at the beginning of the rainy
 
season. The early rains provide moisture for the plants until the
 
arrival of the annual floods which enable growth to continue. The
 
timing of the arrival of the floods can result in either too early or
 
late flooding. The water can rise too rapidly (more than 5cm per day)
 
for the floating rice (Ory7a glaberrima), drowning the plants. The
 
traditional use of dikes around the rice fields only partially controls
 
fluctuations of the floods.
 

Controlled flooding enables the rise in the flood to be managed
 
after germination, and the polders to be drained by means of dikes,
 
canals and gates. As the polders are not usually levelled, the
 
topography of the plain and the height of the water determine the
 
technique of irrigated rice production employed. Controlled flooding on
 
the rice polders managed by ORM is practised both by farmers whose
 
principal activity is agriculture ("paysan direct" in French) and by
 
civil servants and merchants using hired labor ("paysan indirect" in
 
French). Only improved varieties of Oryza sativa are cultivated in the
 
ORM rice polders.
 

Neither controlled or natural flooding provide a guarantee against
 
insufficient flooding. For the inner Niger Delta the climatic changes
 
have taken the form of a reduction in rainfall and the level of flooding
 
from the Niger and its tributary the Bani. These disturbances have led
 
the ORM to adopt a program of reducing water levels from 1.80m to 1.20m.
 
ORM also attaches importance to research aimed at identifying improved
 
varieties of rice that can adapt the different threshold water levels.
 

The management of small perimeters (20 to 30 hectares) in some
 
villages, irrigated from the river by pumps, is another program adopted
 
by ORM to counter the climatic changes. ORM recommends the rice
 
varieties IR 15-29 and IR 15-61 with transplanting in the irrigated
 
plots. The cultivation of rice by pump irrigation is a new approach to
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rice cultivation which requires rigorous management on the part of ORM
 
and the farmers, who have no prior experience with it.
 

8
(3) The flood recession crop sub-system
 

In the Fifth Region, the flood recession crop sub-system is found
 
exclusively in the North Niger Delta. During a part or all of their
 
growth cycle the crops benefit from residual moisture in the sandy clay

soils around the ponds and lakes. Crops grown include sorghum, cassava,
 
sweet potato, cowpea, sorrel, tomato, eggplant and onion. The pattern
 
of different crops around the ponds and lakes is linked to the recession
 
of the floodwater. Often, sorghum is planted on the areas uncove-ed by

the earliest retreat of the floodwater. With the next retreat millet is
 
cultivated, but may be replaced by other crops such as cassava, sweet
 
potato, etc. Often cassava is intercropped with sorghum. The
 
intercropping pattern
 
sorghum-cassava-cowpea can also be found. In the pond and lake beds
 
some farmers cultivate rice. It should be borne in mind that before the
 
climatic changes rice was often cultivated on the fringes of ponds and
 
lakes. As for millet, while presently cultivated in some ponds, when
 
rainfall conditions are normal it is much more commonly cultivated in
 
the non-flooded areas (sandy plains).
 

The climatic and hydrological hazards (low level of rainfall or
 
floodwater) have led to many changes in the usual practices for cultural
 
operations. For example, sharecropping used to be the common
 
institution for bringing land into cultivation in the lakes a;-d ponds

but is rarely practised in the zone nowadays bpcause of the reduction in
 
cultivable area and low level of yields.
 

According to farmers from N'Gouma and Korientze, floating rice was
 
the most widespread crop before the climatic changes (prior to 1973).
 
At that time the cultivation of millet, sorghum and cowpea was reserved
 
for the sandy zones. Presently, with the decline in rainfall levels,
 
the cultivation of floating rice has virtually disappeared, yielding its
 
place to the cultivation of upright rice varieties in some Korientze
 
lakes. Sorghum and millet, which constitute the major crops, are
 
cultivated in all the lakes visited. The cultivation of tubers
 
(cassava, potato) is also popular around the lakes.
 

The cultivation of millet or sorghum around the lakes requires
 
land preparation at the beginning of the cycle. This is generally

carried out with the daba (short handled hoe) or by plough where draft
 
animals and implements are available. Farmers sow by making a shallow
 
hole with a pointed stick, then digging another smaller hole inside the
 
first into which the seed isdropped. The seed is usually covered with
 
fine sand.
 

8/ More detail is given in this section because the flood
 
recession technique has not been introduced in the previous evaluation
 
team reports and is not well known by researchers and people.
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Some Goue farmers (N'Gouma arrondissement) prepare millet and
 
sorghum nurseries. The young plants are transplanted after the water
 
has receded. The techniques for sowing and transplanting prevent bird
 
damage to the seeds and seedlings following germination. Millet and
 
sorghum are most often sown in mixtures with other crops such as
 
cassava, cowpea, potato, etc. The varieties of sorghum and millet
 
cultivated around the lakes are generally photoperiod sensitive
 
varieties with a 9 to 10 month cycle. Plantings which used to be
 
carried out in December and January in some lakes are presently delayed
 
until March and April because of the late arrival of the floods.
 

The frequency of weeding is lake specific. In the Sao lake for
 
example, farmers generally carry out three manual weedings. The first
 
two weedings are carried out during the dry season and the third takes
 
place during the rainy season. According to farmers in this area the
 
third weeding constitutes a labor bottleneck because of the high level
 
of weed infestation and the difficult working conditions with the rains.
 

The harvest of recession millet and sorghum takes place generally
 
in September. All crops are harvested before the arrival of the new
 
floods.
 

b. Summary description of the pastoral farming system.
 

Like the agro-pastoral system, the pastoral system is one of the
 
principal farming systems of the Niger Delta. The pastoral system
 
comprises two sub-systems: the nomadic sub-system and the transhumant
 
sub-system. In the Delta, the feeding of herds requires constant
 
movement over variable distances in order to benefit from annual forage
 
production. The search for wet and dry season pastures follows a
 
regular pattern which forms the basis for transhumance and nomadism.
 

Nomadism is practised in a marginal manner to the west and north
 
of the Delta. Nomadic herders have no permanent home. They move with
 
their entire family in search of pasture, water and salt for the
 
animals. Nomads do not cultivate crops. They draw nourishment and
 
income entirely from raising cattle, sheep, goats and camels, and from
 
trade.
 

Transhumance is common in all the Delta zones. It is practised by
 
the Peul according to a definite pattern. The animals move away from
 
the Delta during the rainy season in order to take advantage of the
 
Sahelian wet season pastures, then return to the inner Niger Delta
 
towards November to enter the bourgoutieres as the waters recede.
 
According to the Dina code instituted by Sekou Amadou in the nineteenth
 
century, the flooded pastures are divided into units of different size
 
called "leydi". In each of these a traditional social structure is
 
charged with the responsibility of allocating pasture rights, to decide
 
on access to the pastures and modalities of their use, to fix payment
 
for the rights to be distributed and identify the individuals entitled
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to them, and finally to determine the dates and order in which herds
 
will access the pastures. A special statute governs the village
 
pastures destined for the part of the herd producing milk, the
 
transhumance routes, and the temporary shades where herds crossing the
 
"leydi" rest. Outside the flooded zone, the use of rainfed pastures is
 
not controlled but the main transhumance routes are recognized and in
 
principal protected from encroachment by crop production.
 

The herd is traditionally divided into smaller groups which are
 
managed according to the method of organization developed in the Dina
 
code. The bulk of the herd, known as the "garti", comprises the
 
majority of dry and pregnant cows, the majority of the bulls and
 
heifers, some older steers and a limited number of mating bulls. A
 
small percentage of lactating cows and their calves accompany the

"garti", their principal 
role being to provide milk for the herdsmen.
 
The "garti" is the only unit which fully participates in
 
transhumance. The majority of lactating cows, their calves, some
 
heifers, steers and mating bulls, 
form that part of the herd known as
 
the "bendi". This part of the herd provides milk for sale or domestic
 
consumption. Another part of the herd is known the "dumpti" and
as 

comprises two or three suckling cows for each family. These animals are
 
only separated from the rest of the "bendi" during the rains (August to
 
October), joining the "bendi" when it migrates to the rainfed pastures.

Being few in number, the "dumpti" animals can easily benefit from a
 
supplement of millet bran, cotton seed and salt. 
 The "dumpti" cows are
 
among the best milkers in the herd. They are kept apart from the mating

bulls to avoid untimely conception.
 

To these two sub-groups if animals identified during the informal
 
survey must be added two other sub-groups identified and described by

the International Livestock Center for Africa (ILCA). These two groups
 
are the "tjipi" and the "aladji". The "tjipi" is a part of the "bendi"
 
and includes cows. During the period January to March it is lead to
 
various villages in the flooded zone in order to trade milk for rice.
 
The "aladji" is composed primarily of oxen for transport which accompany

the "tjipi" cows on commercial expeditions or take part in transhumance
 
within the garti and bendi. The "aladji" is also a small group of draft
 
oxen belonging to absentee farmers or to Peul who also cultivate rice.
 
For the majority of the dry season the "aladji" is kept close to the
 
villages, in order to help plough the rice fields immediately after
 
harvest (February-March) and when the first rains come (May-July). The
"aladji" rejoins the garti when it departs for the arid land pastures.
 

The Dina pastoral code was recognized by tile Malian government.

The Malian administration was responsible for enforcing decisions on the
 
use of grazing areas, taken jointly with representatives of the herders
 
and local administration. However, the Dina pastoral code has become
 
inadequate due to a variety of factors, particularly:
 

- anarchic use of resources, 
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increasing conflicts (social and land related) between
 
individuals, families, village groups and between crop
 
producers, herders and fishermen,
 

acceleration of environmental degradation, particularly
 
during drought years.
 

c. Summary description of fishing.
 

In the Niger Delta fishing is an important activity, practised by
 
the Bozo ethnic group. Two main types of fishing can be distinguished
 
according to the extent of movcment of the fishermen: nomadic and semi­
nomadic. These two types are practised marginally in the South and
 
Central Delta. Fishing is widely practised in the North Delta and non­
existent in the West Delta.
 

The semi-nomadic fishermen are those who practice agriculture in
 
the wet season. They are different from farmers who occasionally go
 
fishing to supplement the family diet. The semi-nomadic fishermen fish
 
primarily in order to earn money and secondly for family consumption.
 
Like the farmer fishermen the semi-nomadic fishermen are permit holders.
 
However, they have more fishing tackle than the farmer fishermen and
 
move from site to site according to information received as to the
 
abundance of fish at different fishing locations within the area.
 

The movements begin with the recession in November and December
 
and continue until the months of January and May (duration of the flood
 
recession). The semi-nomadic fishermen organize collective fshing days
 
in the Niger, the Bani, the Diaka, the lakes and the ponds. Before the
 
collective fishing day decisions are made as to how much will be paid in
 
rights and taxes to the administrative and traditional authorities.
 
Fishermen from other circles in the region always pay more than the
 
locals. According to the latter, the visitors always have more
 
effective fishing tackle. Fish caught at the collective fishing point
 
authorized by the Service des Eaux et Forets belong to the families or
 
individuals owning the fishing tackle. The catch is often dried or
 
smoked for sale to wholesale merchants from Mopti. Some semi-nomadic
 
fishermen are organized in cooperatives and groups attached to Operation
 
Peche de Mopti.
 

Nomadic fishermen are those only practicing fishing. They are
 
constantly moving along the water courses in search of fish. Nomadic
 
fishermen, in addition to paddle canoes used for fishing, possess
 
motorized canoes for transporting family members and baggage.
 

Fishing tackle differs according to the period and type of
 
fisherman. Items of fishing tackle include: hooks, harpoons, nets, hoop
 
nets, seine nets, fishing lines with many hooks, and casting nets.
 
Farmer fishermen use primarily the net, harpoon and hooks. Semi-nomadic
 
fishermen use the other items of tackle, enabling them to catch large
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numbers of fish. The majority of the fishing tackle used by semi­
nomadic fishermen is in the process of being banned (e.g. casting nets)
 
in order to enable fish populations to recover. Many other problems
 
aggravate the growth of fishing in the Delta.
 

3. 	Presentation of the Major Farming Systems in the Seno and
 
Cultivable Areas of the Bandiagara Plateau.
 

Two main types of farming system can be distinguished in these
 
zones:
 

- The agropastoral system which is intermingled with the Dogon
 
production system.
 

- The pastoral system which is intermingled with the Peul
 
production system.
 

The Seno Plain and Bandiagara Plateau are primarily inhabited by
 
the Dogon and secondly by the Peul. While one can meet Peul all over
 
the plain and plateau, their villages of origin are principally
 
concentrated in the north of the plain (thg Diankabou, Dioungani and
 
Dinangourou arrondissements of Koro circle ) and in the southern part of
 
the plain (the Diallassagou and Sokoura arrondissements of Bankass
 
circle). The central part of the plain, which has the highest
 
population density, is almost exclusively inhabited by Dogon. This is
 
also observed on the Bandiagara Plateau.
 

Other ethnic groups are also present: the Mossi close to the
 
border with Burkina Faso and the Daffin or Marka in the southern part of
 
the Seno Plain.
 

The Dogon, as well as minority groups such as the Mossi and
 
Daffin, are farmers by tradition. However, they have two types of
 
livestock enterprise: one is fattening of a few animals at the homestead
 
(primarily sheep), the other is herding, the management of which is
 
traditionally confided to the Peul.
 

The Peul are traditionally transhumant herders, moving from
 
pasture to pasture according to the season. As a result of successive
 
droughts over the last fifteen years they have increasingly moved into
 
crop production. This diversification in their activities is a way of
 
reducing the risk from climatic variability. In the event of a bad
 
season the terms of trade between millet and livestock become less
 
favorable for livestock. During such times the harvest of a little
 
millet becomes important for family subsistence.
 

9/ The Koro circle comprises 80% Dogon and 15% Peul (Koro circle
 
Commandant, November 1987).
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On the Seno Plain and Bandiagara plateau, cropping systems hzve
 
experienced little in the way of modernization. Millet is the most
 
important crop enterprise and continues to be traditionally cultivated,

often intercropped with cowpea. Where crop production is no longer

entirely manual, modern techniques such as the use of the plough are
 
integrated into the traditional husbandry practices without
 
fundamentally changing them.
 

The traditional system does not involve land preparation, with the
 
exception of clearing before planting. With the first rains, a few
 
grains of millet are sown in pockets at the top of small mounds of
 
earth. These small mounds of earth, commonly called organic mounds,

date from the previous season. At the time of the first and second
 
weeding, the weeds are uprooted, gathered between the millet plants and
 
finally buried under earth gathered between the plants. These mounds
 
containing decomposed weeds give rise to the name "organic mounds". 
 The
 
benefits of this ancient practice are threefold: 1) burial of green

material, 2) protection of young seedlings from windblown sand, 3)

capturing run-off water for better retention. Cowpea is sown between
 
the millet plants during the first weeding, on a few recently made
 
organic mounds. Manure is brought to the "ields when available and
 
sometimes spread around the base of the mille. plants. 
 The harvest of
 
millet is performed by uprooting the plants and laying them down flat.
 

Variations in husbandry practices exist according to the location
 
of the field. Fields close to the village (the "laras" in Dogon)

receive greater care than those located further away (the "baracou").

Cunard (1983) notes these differences. In terms of restoring organic

matter to the fields, those around the homestead receive more organic
 
matter while those further away are periodically fallowed (for shorter

and shorter periods as a result of population pressure) and benefit from
 
the tethering of animals during the dry season. 
The fields around the
 
homestead are mainly cultivated with millet-cowpea intercrop while those
 
further away also have small areas of secondary crops. In regard to
 
plant spacing the density of millet and cowpea is generally higher on
 
the fields around the homestead. Also, the varieties sown around the
 
homestead are earlier. The fields around the homestead receive priority

in first weeding.
 

Besides cowpea, secondary crops are groundnut, wandzou, fonio,
 
sesame and dah. These secondary crops are cultivated either on land
 
which has already been cropped for several years with the principal

millet-cowpea crop, when the land begins to show signs of exhaustion, or
 
else as the first crop after fallow. Millet always receives priority
 
over the secondary crops in husbandry care. Sowing and weeding are
 
first carried out for millet.
 

The modern system differs from the traditional system in the
 
practice of plowing before planting (above all in the South Seno zone
 
where the soil 
is loamier and the rainy season longer), by the treatment
 
of seed with fungicide (practised by the majority of farmers) and by

mechanical weeding (typically in loamy and sandy loam zones). Chemical
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fertilizer is rarely used because of its low and uncertain
 
profitability. The cost of fertilizer is high relative to the sale
 
price for millet. The productivity of fertilizer is as variable as the
 
rainfall regime and the attacks of caterpillars or grasshoppers.
 

The agropastoral system of the Dogon and the pastoral system of
 
the Peul are two production systems which complement each other at
 
different levels: at the level of exchange of goods and services
 
between the two communities and in the use of the area. The Dogon are
 
specialized in the production of millet intercropped with cowpea. Their
 
surplus production tends to be invested in small and large ruminants,
 
the care and keeping of which is traditionally entrusted to Peul
 
herdsmen. The Peul are specialized in extensive herding of small and
 
large ruminants with transhumance. They concentrate their efforts on
 
the management of herds, interested both in the growth and increase in
 
cattle, and in the production of milk. Milk is exchanged for millet or
 
other agricultural products. Following the recent droughts, the Peul
 
diversified into crop production. A number of them have even obtained
 
ploughs.
 

These two main farming systems are subject to the effect of their
 
physical, institutional and socio-economic environment. Within each
 
farming system the producers can be grouped according to the effect of
 
this environment on their farming system. For example, the rainfall
 
regime or access to the market can be more or less serious constraints
 
to the farming system according to location. Distinguishing between
 
groups of producers according to the importance of any given constraint
 
posed by the environment on the farming system is a means of identifyi:,,
 
recommendation domains.
 

For each of these two farming systems three distinguishing

criteria have been used. The first criterion relates to
 
agroclimatology. The second criterion is access to markets and supply
 
infrastructure. The third criteria is population pressure on the
 
available land.
 

On the basis of these three criteria five groups of producers can
 
be distinguished, three of them belonging to the agropastoral system and
 
to the pastoral system (see table B.6 in annex B).
 

a. Aqroclimatology.
 

The agroclimatic environment has a major influence on the conduct
 
of agricultural activities. The use of the plough for land preparation
 
and weeding, for example, depends heavily on the agroclimatic zone.
 
Recommendations on the use of Telemsi rock phosphate depend on the
 
rainfall. Recommendations for the development and extension of a given
 
variety of millet or cowpea also depend on rainfall. In view of the
 
influence of the agroclimatic factor on agricultural activities, it is
 
used as the first criterion for distinguishing groups of producers with
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the same farming system. The three most important agroclimatic zones in
 
terms of area and population have been included: the North, Central and
 
South Seno zones. The cultivable plains of the Plateau, termed Plateau
 
zone, have been included in the Central Seno zone as they have similar
 
soil and rainfall characteristics.
 

b. Access to markets and input supply facilities.
 

Access to markets and input supply facilities is the second
 
criterion for distinguishing groups of farmers with the same farming
 
system Access to markets is relatively easier for the Plateau and
 
Centra. Seno zones than for the North and South Seno Plain zones. For
 
the PIpteau zone, although the feeder roads are rocky and not maintained
 
they -Lad to the Mopti-Bandiagara-Sangha highway. For the Central Seno
 
Plain, Bankass and Koro (circle capitals) are accessible from the
 
Somadougou road. The North and Soul'h Seno Plain zones, on the other
 
hand, are much more isolated. They are located away from the main
 
highways and cannot access any important markets besides those of Douna
 
in the North and Diallassagou in the South zone. Consequently, two
 
zones have been included: an isolated zone for the North and South Seno
 
zones and a relatively accessible zone for the Central Seno and Plateau
 
zone.
 

c. Population pressure on the arable land.
 

Population presbdre is the third criterion for distinguishing
 
between groups of producers with the same farming system. This
 
criterion helps to identify which type of technology is most
 
appropriate. According to PIRT (1986), the North zone has a lower
 
population pressure than the Center, Plateau and South zones.
 
Technologies for intensification are therefore relatively less
 
appropriate, and the farmers in this zone have a tendency to increase
 
the area cultivated. Their justification for this strategy is that it
 
reduces the risk of total failure in the event of insufficient rainfall,
 
as has frequently occurred during the last fifteen years.
 

Two degrees of population pi -sure, borrowed from PIRT (1986),
 
have been included. The first level is termed "very high population
 
pressure" and corresponds to the North zone, while the second level is
 
termed "excessive population pressure" and corresponds to the Central,
 
Plateau and South zones.
 

The identification of these groups of farmers experiencing the
 
same external influc-,ces is summarized in table B.6 in annex B. Based
 
on the three criteria of identification the agropastoral system can be
 
characterized by three groups of farmers (I, II, Ill). The pastoral
 
system can be characterized by only two groups of herders (IV and V)
 
since there are few Peul villages in the Central and Plateau zones.
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The five groups of producers include a population of 393,000,
 
representing 31% of the population of the Fifth Region.
 

D. GENERAL CONSTRAINTS ON FARMING SYSTEMS.
 

The constraints to farming systems in the fifth region can be
 

classified into two main groups:
 

- Physical and agrobiological constraints.
 

The components of this group are rainfall, hydrology, soil
 
characteristics, water and forage resources, cultivated plants, crop
 
pests (insects, weeds, diseases), and inimals.
 

- T-.',,nical, socio-economic and institutional constraints. 

The compenents of this group include techniques used, costs and
 
supply of arriculltural inputs and e;:omnt, capacities and approaches
 
of rural development agencies, marke-s for crop and livestock products
 
and fiscal, monetary and commercial policies.
 

These different constraints are discussed according to the two
 
major farming systems of the region and by agroclimatic zone when
 
necessary.
 

1. The Agropastoral System,
 

The constraints to the agropastoral system have been discussed in
 
the working document "Resultats de l'Enquete Preliminaire en Cinquieme
 
Region du Mali. I. La Plaine du Seno et le Plateau de Bandiagara."
 
(Henry de Frahan and Diarra, 1987) and in the information notes "Etude
 
de la Traction Animale dans le Seno." (S.Traore, 1988), "Les Principaux
 
Resultats de la Recherche sur les Cultures Associees Mil-Niebe au Mali"
 
(S.Traore, 1988) and "Enquete Informelle sur les Cultures Maraicheres
 
du Plateau de 3andiaqara." (S.Traore, 1988). The constraints discussed
 
briefly below are developed further in chapter IV of this report where
 
the research subjects for the expansion of DRSPR in the Fifth Region are
 
proposed.
 

a. The major physical and agronomic constraints.
 

(1) The deterioration in the rainfall regime.
 

Since 1973 and 1974 the rainfall regime has deteriorated in the
 
Fifth Region. This deterioration has taken the form of a reduction in
 
rainfall in the order of 20% and a poor distribution of rainfall over
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the course of the vegetative cycle of the principal crops of the region.
 
In the North and Central zones of the Seno Plain, the Bandiagara Plateau
 
zone, the North, West and Central Delta zones, the present rainfall
 
regimes do not allow local millet and cowpea varieties, even the
 
earliest, to complete their cycle in some years. This deterioration in
 
the rainfall also prevents varieties of Oryza sativa rice to develop
 
sufficiently before the arrival of the flood.
 

(2) The deterioration in the flooding regime.
 

In the Delta zones, the late arrival and weakness of the floods
 
prevents varieties of Oryza sativa rice and, to a 7esser extent,
 
varieties of Oryza glaberrima rice from developing in some years. This
 
deterioration also affects the productivity of the recession crops
 
(rice, sorghum and millet).
 

(3) Low soil fertility.
 

The soils of the Fifth Region, like those in the rest of the
 
country, are generally poor in nitrogen and phosphorous (OECD and CILLS,
 
1987). The level of organic matter in these soils is also low. The
 
poverty of the soils is a factor which severely limits biomass
 
production. Any significant increase in productivity requires the use
 
of chemical fertilizer or manure. The condition of draft animals also
 
depends on the improvement of soil fertility in order to increase forage
 
availability, whether in the form of forage crops or crop residues.
 

For the rainfed crop zone, the loamy soils have adequate depth and
 
infiltration characteristics. By contrast, the Bandiagara Plateau is
 
characterized by snallow, rocky soils which prevent any form of
 
cultivation in some places.
 

(4) Violent winds and run-off.
 

The violent winds on the Seno Plain at the time when cereal crops
 
are germinating results in seedlings being covered in sand. At the
 
edges of the Delta the violent winds fill some lakes with sand where ten
 
years ago recession cropping was still very productive. On the
 
Bandiagara Plateau and the Center and South Delta zones, run-off water
 
erodes the arable land and removes fertile elements.
 

(5) Harmful insects and other crop predators.
 

The principal rainfed crops such as millet and cowpea are subject
 
to insect attack both in tne field and in storage. Raghuva headborer in
 
particular frequently attacks millet, and other insects inflict serious
 
damage on cowpea in storage. Borers are also very frequent on millet
 
and Oryza sativa rice. Termites, mice, rats and granivorous birds are
 
important and active pests on all crops.
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On the rainfed crops weeds are a serious pest, particularly Striga
 
in the millet crop and wild rice species (Oryza bartii and Oryza
 
lonqistaminata) in the rice crop.
 

b. 	The principal socio-economic and institutional
 
constraints.
 

(1) 	The unfavorable ratio between input and agricultural
 
product prices.
 

The high cost of modern agricultural inputs (primarily pesticides
 
and chemical fertilizers) in relation to the selling price for cereals
 
discourages intensification of rainfed agriculture. Besides the
 
unfavorable terms of trade for agriculture in regard to external inputs,

the climatic and hydrological uncertainties limit the intensive use of
 
agricultural inputs whether for rainfed, flooded or recession
 
agriculture. The absence of any truly profitable crops limits the
 
financial resources of agropastoral enterprise, and consequently the
 
intensification of agriculture.
 

(2) Thinness of agricultural product markets.
 

The thinness of the market for such products as groundnut, the
 
small degree of transformation of agricultural products (low value
 
added) and the weak purchasing power of potential consumers limits the
 
outlets for agricultural products and further serves to dicourage the
 
intensification of agriculture.
 

(3) 	Taxes.
 

The taxes levied during the post harvest period increase sales of
 
agricultural products at a time when sale prices are relatively low.
 
The over commercialization of agricultural products during this period,
 
the lack of organization of producers in dealing with the better
 
organized merchants, and the difficulties of preserving large quantities

of agricultural products (particularly cowpea) reinforce seasonal price

fluctuations to the disadvantage of producers.
 

(4) 	Isolation of areas of production.
 

The inaccessibility of some producing areas during the rainy
 
season (e.g. Koro) and during the flood period (Tenenkou and Youwarou)
 
as well as the bad state of the rural roads has resulted in zones
 
becoming isolated. This isolation limits the supply of agricultural
 
inputs and outlets for agricultural and livestock products.
 

(5) 	The inadequate distribution network for agricultural
 
inputs and credit.
 

The inadequacy of credit and input supply facilities for inputs

and agricultural equipment, particularly for rainfed agriculture, limits
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the use of these inputs and consequently discourages the intensification
 
of rainfed agriculture.
 

(6) The weakness of techniques for water management.
 

The water management structures set up to control flooding of
 
crops can only delay the arrival or recession of flooding on the managed

polders. Consequently, crop production with controlled flooding remains
 
dependent on rainfall to begin rice cultivation, and dependent on the
 
hydrological regime for continued growth.
 

The small village irrigated perimeters have been established in
 
order to have full control over flooding of crops. However, because of
 
a lack of technical studies and sufficient finance, some of these small
 
perimeters have been located on porous soils or poorly levelled areas.
 

The weak producers' organization responsible for the profitable
 
management of water and maintenance of irrigation canals prevents the
 
optimal management of these facilities in some cases.
 

(7) Land use conflicts.
 

A poorly defined land tenure system gives rise to different
 
interpretations among crop producers, livestock herders and the
 
administration, and constrains the optimal of land resources. It has
use 

been shown (OECD and CILLS, 1987), for example, that the income obtained
 
from rice cultivation under controlled irrigation is not necessarily

superior to that obtained if the area was allocated to dry season
 
pasture. According to OECD and CILSS (1987, p 135), each hectare of dry
 
season pasture, i.e. each hectare of bourgoutiere, taken away from
 
transhumance represents elsewhere, particularly in the North sahel zone,

2 to 20 hectares of rainy season pasture which can no longer be
 
efficiently utilized. The value of the best dry season pastures is
 
estimated at between 30,000 and 40,000 F.CFA/ha while the Delta rice
 
polders provide a net income of 20,900 F.CFA/ha, based on a yield of 900
 
kg paddy rice which is possible only inyears with favorable rainfall
 
and hydrological conditions.
 

2. The Pastoral System.
 

The constraints to the pastoral system have been discussed in the
 
working documents "Resultats de l'Enquete Preliminaire en Cinquieme

Region du Mali. I. La Plaine du Seno et le Plateau de Bandiagara."

(Henry de Frahan and Diarra, 1987) and "L'Elevage en Cinquieme Region:

Contraintes et Actions Pioritaires d'Intervention et de Recherche
 
Appliquee." (Diakite and Keita, 1988). These constraints will be
 
discussed more specifically in chapter IV of this report according to
 
the research subjects proposed for the expansion of the DRSPR in the
 
Fifth Region. This section presents the principal physical and
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biological constraints of the pastoral system and then the main socio­
economic and institutional constraints.
 

a. Physical and biological constraints.
 

(1) Inadequate nutrition.
 

Nutrition is generally considered as the first constraint to
 
livestock production in the Fifth Region. This constraint is not linked
 
to the method of rearing animals. The report of OECD and CILLS (1987)
 
shows that extensive herding, with transhumance between the dry and
 
rainy season pastures, is the most appropriate and effective type for
 
the 	Fifth Region. However, the availability of forage is limited by low
 
soil fertility (particularly in regard to phosphorous), the expansion of
 
the 	cultivated area and the small quantity of crop residues.
 

(2) 	The deterioration of the rainfall and hydrological
 
regime.
 

The deterioration of the rainfall and hydrological regime over the
 
last decade has reduced the possibilities for biomass regeneration.
 
This rapidly translates into deterioration of the grazing areas in
 
regard to both perennial grasses and ligneous species This
 
climatological deterioration has only exacerbated the disequilibrium
 
which already existed between cattle and carrying capacity.
 

(3) Parasitic diseases.
 

Parasitic diseases persist among transhumant cattle and
 
principally among small ruminants.
 

b. 	Principal socio-economic and institutional constraints.
 

(1) Population pressure on the arable land.
 

Population pressure on the arable land reduces the grazing area
 
and provokes conflicts between crop producers and herders over their
 
use. In the face of uncertain rainfall and hydrological regimes, crop

production tends to become more extensive and diversified. This results
 
in a progressive loss of control over the grazing area to the det iment
 
of the herders.
 



66
 

(2) Ambiguities in the land tenure system.
 

Regulations for the productive use of natural resources
 
established by the Malian administration are poorly defined and far
 
removed from reality. In conflict with the still active traditional
 
socio-political structures, the regulations resolve few conflicts either
 
between herders and crop producers or between groups of herders.
 
Because of this legislative vagueness, numerous conflicts over the use
 
of land, wells and ponds are solved in an arbitrary and partial manner.
 

(3) 	The thinness of the market for livestock products.
 

The thinness of the market for livestock products is due to
 
reduction in market outlets to neighboring countries and to the fall in
 
purchasing power. The overvaluation of the CFA franc in Mali and the
 
fiscal and administrative charges do not encourage exports.
 

(4) 	Inadequacy of pastoral infrastructure.
 

The lack of wells, boreholes and ponds in the waiting zones
 
encourage degradation of the dry season pastures. The lack of mineral
 
supplements from ODEM results in mineral deficiencies and encourages
 
some illnesses.
 

(5) 	The lack of alternative investment opportunities to
 
livestock.
 

Besides the social prestige attached to being the owner of a large
 
herd, there exist few opportunities for investment apart from livestock.
 
This is also true for mixed farmers as well as purely livestock farmers.
 

Following a background on the Fifth Region, this chapter has
 
presented the agroclimatic zones, the major farming systems and the
 
major production constraints for these farming systems. This has been
 
done to understand the agroclimatic, socio-economic and institutional
 
environment of the farming systems. With uch an understanding, the
 
next chapter proposes a research program which includes a series of
 
research subjects addressing the key production constraints.
 



IV. PLAN OF RESEARCH
 

In view of the main agro-climatical, socio-economical and
 
institutional constraints found in the Fifth Region, a research plan is
 
suggested in the first section of this chapter. This plan contains
 
fifteen research subjects and takes into account both current and
 
expected technologies available to the on-going research. Each subject is
 
expanded along the same outline and contains four parts. The first part

introduces the theme and gives its context in Mali and in the Fifth
 
Region. The second part identifies and defines the research objectives.

The third part presents the main elements justifying each research
 
subject. The information comprising the third part was either collected
 
in formal and informal surveys and from available documents, or was
 
compiled and analyzed from this data. The fourth part explains how the
 
research team might approach the topic more concretely, both
 
qualitatively and quantitatively, depending on the available data and the
 
expected results.
 

The first section is more detailed than the other sections. In order
 
to ensure the validity of the suggested research subjects, it was
 
necessary to detail possible constraints (either agroclimatic,

agrotechnical, zootechnical, socioeconomical or institutional) and to see
 
if solutions exist in the technologies developed by the on-going research
 
or in institutional or political reforms. The proposed research subjects
 
are therefore based on technological, institutional and political
 
considerations.
 

The second section of this chapter recommends a schedule of research
 
activities for the Fifth Region. This schedule takes into consideration
 
the human and financial resources allocated to the extension of the DRSPR
 
in the Fifth Region, the priority of some research subjects over others,
 
and the expected results.
 

The third section of this chapfar presents a research strategy based
 
on production problems in the Fifth Region at both the micro and macro
 
levels, and on a strict collaboration and coordination between the
 
research system on the onc hand, and on the other; applied research,
 
extension services, other public services, the private sector and
 
decision-makers.
 

A. RESEARCH SUBJECTS.
 

1. Study of Input Factor Markets and Agricultural Credit.
 

a. Introduction.
 

There are numerous constraints linked to growth in agricultural
 
production. In the agricultural sector review for Mali (Ministry of
 
Agriculture, 1qR7, pp. 76-77), the lack of inputs, seeds and varieties
 
adapted to the ological conditions are listed among the main factors
 
inhibiting this growth.
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(1) Supply of inputs.
 

(a) Supply of agricultural inputs.
 

Since the Agricultural Credit and Farming Equipment Union
 
(S.C.A.E.R.) was dissolved, the Operations du Developpement Rural (ODR)
 
have been furnishing and delivering inputs to villages and establishing
 
transfer prices (through a request for international funding for the
 
CMDT). This system's performance depends upon the ODR's means, its
 
efficiency and the constraints found in each area. For example, if the
 
input supply level is sufficient in the CMDT zone, it is lacking at the
 
Office du Niger. At the OHV, the ODIPAC and the ORS, after previous

failures, the supply of inputs currently remains less than the demand. In
 
the more arid areas of the country like the Fifth Region, the supply of
 
agricultural inputs is sufficient only in the case of punctual, limited,
 
and specific programs. There, the extra capacity to absorb these inputs

is, however, very limited economically due to %,nancial risks and the
 
suspension of input subsidies, especially for fertilizers. It could be
 
said that, in Mali, the CMDT operates the only satisfactory supply of
 
agricultural inputs.
 

In addition, there are significant price differences among zones for
 
agricultural input transfer prices to producers such as those between the
 
OHV and CMDT zones. For non-subsidized fertilizers such as the cotton
 
fertilizer, urea acid and ammonium-phosphate, villagers in the CMDT pay
 
15% less than those in the OHV zone (official OHV and CMDT prices for
 
1988). This difference in price is even more marked for Tilemsi rock
 
phosphate (41% more expensive through the OHV). Also, producers in the
 
CMDT region of San receive a 50% subsidy on fertilizer. This example
 
illustrates that a better purchasing policy with the suppliers (for

example, a call for international funding as did the CMDT) would create a
 
lower price for producers without instituting subsidies. It should be
 
noted that no import tax is levied on imported fertilizers except a 5%
 
Contribution for Payment of Services (CPS) rendered at the time of
 
import.
 

In the Fifth Region, particularly in the Seno plain area, the demand
 
for inputs such as plows, carts and fungicides (Thioral) remains unmet
 
(Henry de Frahan and Diarra, 1987). In the area where the Operation Riz
 
Mopti (ORM) operates, most rice growers have expressed a preference for
 
the Oryza sativa DM 16 variety which is an earlier germinating and
 
hardier strain than the Kao Gaew currently distributed by the ORM.
 
Nevertheless, 23 years after its developmen't in 1965 (Goita, 1986,) and
 
10 years after the first field tests (M. Dembele, 1986,) the 0. sativa
 
variety is still not available to rice growers in the ORM region.
 

(b) Supply of inputs for animal breeding.
 

Traditionally, mineral supplements necessary to livestock grazing
 
(nomadic and seasonal herding) are obtained from salt deposits found in
 
the soils of the northern area of the Fifth Region. The more recent
 
introduction of mineral blocks by the Operation pour le Developpement de
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l'Elevage a Mopti (OnEM) has not been as successful as was planned
 
because traditional livestock grazing practices make the distribution of
 
mineral supplements difficult. Furthermore, ODEM technicians were
 
disappointed in the first white KNZ compound marketed because it lacked
 
sufficient calcium and phosphorus (the assistant director at ODEM,
 
personal communication, October, 1988). Therefore, since the pastureland
 
in the Fifth Region is also lacking in calcium and phosphorus, any
 
mineral block not containing these elements is of little use.
 

(2)Supply of agricultural credit.
 

Agricultural credit in Mali, which appears to be a source of input 
supplies, is dependent upon the ODR since the Banque Nationale de 
Developpement Agricole (BNDA) has not yet taken over all the credit 
programs and intervenes only in underwriting credit with other agencies. 
Credit underwritten in this manner represents 90% of the total value of 
credit accorded to the ODR by the BNDA. Underwriting is carried out under 
an agreement between the BNDA; the grantor, regulator, director and loan 
collector, and development organizations (DNACOOP, for example) which 
receive the requests for loans and are responsible for their 
administration and follow-up ("La Revue du Secteur Agricole du Mali", 
1987, p. 182). In addition to underwriting credit, the BNDA grants loans 
to individual borrowers and agribusiness companies. The interest rate is 
set by the Banque Centrale des Etats de l'Afrique de l'Ouest (BCEAO) 
according to an established scale. The parameters defining the interest 
rate are the following: 1) the cost of financial resources (purchase of 
currency), 2) administrative costs, 3) the risk involved and 4) 
realization costs (Diallo, BNDA agricultural credit agency, personal 
correspondence, September 1988). The current interest rate established by 
the BNDA for an intermediat ie period is 9% for 4 years. The BNDA is 
not subsidized by the state, . t is supported by several financing 
organizations such as the CCCE and the DEG. 

The BNDA has opened a branch in Sevare (10 km. from Mopti) in the
 
ORM region, to finance agricultural development activities but despite a
 
line of credit from the CCCE, it has had virtually no success because of
 
unstable agricultural production. The BNDA has 3 branches and 5 offices
 
in the CMDT region, however, and is well-established. The CMDT area alone
 
absorbs 50% of all underwritten credit. Most of this credit, in the form
 
of intermediate-term loans, goes to villages which have been organized
 
into village associations. This credit has currently attained an
 
equilibrium puin' and the recovery rates have been satisfactory ("La
 
Revue du Secteur Agricole du Mali", 1987, p. 183).
 

According to the aforementioned agricultural sector review (1987),
 
an expansion in the BNDA's financial activities is subject to several
 
conditions:
 

- The future growth of the BNDA's intervention, necessary given the 
magnitude of the needs yet to be addressed in the targeted zones, 
can only be achieved when accompanied by an extension of the 
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administrative capacity of regional services and the village
 
organizations receiving the credit.
 

An extension of the BNDA into other areas of intervention calls for
 
an extension of the bank's network of offices. This can occur only

in the initial phase, and with the assistance of other projects

operating in these areas, since the BNDA itself could not finance
 
the start-up in areas with low service volume.
 

b. Objectives.
 

The specific objectives for this research subject are to:
 

Identify the constraints and potentialities linked to the supply of
 
credit and agricultural inputs (fertilizer, agricultural equipment,
 
pesticides).
 

Identify and analyze the constraints linked to the use of a mineral
 
block for livestock.
 

Propose and test methods of organizing the supply and distribution
 
of credit and agricultural inputs.
 

c. Purpose.
 

The identification of constraints and potentialities linked to the
 
supply of credit, agricultural and husbandry inputs implies finding

solutions to problems encountered by the rural producer (for example,

seed treatments, transportation of manure or agricultural products, field
 
cultivation, etc.). The study of credit and agricultural input supply
 
systems will facilitate the transfer of technologies developed by the
 
farming system research team. In fact, the identification of market
 
constraints for agricultural inputs is important not only to solve the
 
current problems faced by producers at the beginning of each season, but
 
to foresee any problems that might arise after the development of
 
technical packages during their extension. It is for this reason that the
 
evaluation team recommends that this research topic receive as much
 
attention as the others. The research project should be understood on a
 
larger scale. Its aim should be not only to develop technologies adapted
 
to production systems, but also to seek and propose solutions to
 
constraints found in the physical and institutional environment of these
 
production systems.
 

In the Seno area, emphasis should be placed upon removing the
 
constraints hindering the availability of adequate fungicide supplies,
 
such as Thioral, for seed treatment. From 1976 to 1984, the supply of
 
Thioral fell dramatically. In 1976, approximately 30% of the area
 
cultivated under the Operation du Mil Mopti (OMM) was treated (Berthe,

1977), and the OMM was the largest buyer of Thioral (4,755 kg. in 1979
 
the peak year). In 1984, however, the area treated was approximately 5%
 
(estimate based on the amount of fungicide purchased by OMM). Berthe
 
(1977, p.9) reports that the OMM's recommendations for fungicide use are
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well-known and accepted by farmers for the following reasons: 1) its
 
immediate effect on seed, 2) ease of application, and 3) relatively low
 
price.
 

Since 1982, USAID no longer funds the OMM and village organizations
 
must order Thioral through the DNACOOP, local NGOs, catholic mission and
 
political organizations. Thus, during the 1987-88 and 1988-89 growing
 
seasons, the Societe Malienne des Produits Chimiques (SMPC) delivered 1,

407 kg. of Thioral in 1987, and 780 kg. in 1988 to the Service National
 
de Protection des Vegetaux (SNPV) inMopti, who then sold this stock to
 
the village groups that had ordered it.The amount of Thioral sold for
 
cash to the village organizations in 1988 was sufficient only to treat
 
31,200 ha., or 12% of the area grown inmillet. Each bag of Thioral
 
weighs 25 gr., costs 60 FCFA and will treat 10 kg. of millet seed, enough
 
to plant one hectare.
 

Henry de Frahan and Diarra (1987) report that the demand for plows

and carts goes unmet in the Seno area. This demand was verified in a
 
formal survey. Table 4.1 below shows, by producer stratum, the percentage

of plow and cart owner-user operations, and also the percentage of
 
farmers wishing to own the equipment.
 

As one can see in Table 4.1, of the agropastoralists and
 
pastoralists interviewed who do not have equipment, 75 to 100% wish to
 
have an ox or donkey plow. Among those who already have one plow, there
 
is an expressed demand to own a second one. It should also be noted that,

with the exception of the pastoralists in the northern area, those groups

of producers who own a plow also own a cart.
 

Henry de Frahan and Diarra (1987) report that the problem of
 
supplying rural producers with a plow and cart stems from production. The
 
same may be said for supplies of the Oryza sativa DM 16 variety of rice
 
where production and propagation of the seed constitute the main
 
constraints. As for Thioral, there is practically no private channel of
 
supply and distribution to rural areas. The review of the agricultural
 
sector inMali (1997,p. 189), however, advises caution inlinking the
 
private sector to input distribution outside of the CMDT area and the
 
Office du Niger. According to this review, the private sector can only
 
operate in a market endowed with an effective, foreseeable and solvent
 
demand, conditions which are not met outside the CMDT area, except

perhaps that which concerns vegetable production at the Office du Niger.

Nevertheless, according to the survey inthe Seno, it seems that there is
 
a significant demand in the Fifth Region and that there could be
 
solutions linked to the private sector to facilitate supplying the rural
 
areas with the desired inputs for which there is i willingness to pay.
 

As for inputs to animal breeding, the future orientation of the ODEM
 
(Diakite and Keita, 1988,) istoward local production of mineral mixtures
 
at reasonable prices, adapted to and supported by more dynamic extension
 
practices. The target livestock sector will be primarily the sedentarized
 
herds of the agropastoral system and the milk cows and calves of
 
pastoralists (Bendi herds).
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TABLE 4.1 : LOCATION OF AGRICULTURAL EQUIPMENT IN THE SENO PLAIN AND THE BANDIAGARA 
PLATEAU BY PRODUCER TYPE (%). 

-------------------------------------------------------------------------------------------I 
EQUIPMENT Oxen plow i Donkey plow i Cart 

----------------- -------------- ----------I
 
STRATUM Owner and user Wants to 'owner and user 1Wants to Owner and user 'Want- t
I I I I I I I 
_ - I I own I , own !---own..... 

North agro- I I 3. I 94. 16 .
 

1 7 .
pastoratistsi 83. 1 1'46 1 2.6

Iw/o equip. 
------------------------------ ----------------------------------------------------------- I
 
N. agropast.U 33.3 IW 61.9 I 61.9 I 19.0 52.4 I 47.7 
wl equip. I 

Central and I I I 
Plateau 1 78.9 . 74.6 19.7 1 69 
agropastor. I I I II 
w/o equip. ' ' 

I- -- -- - - - - - - - - - - -- - - - - -­ - - - - -­ - - - - - - - - - -

'Centrat and I I I I 
Plateau agrol 28.8 38.8 67.5 1 10.0 70.0 23.8 

pastoralists i I 
w/ equipmnt' ' I 

South agro- I I I I 

pastoralistsw/o equip. 
p 96.8 

I 
I 
II 

96.8 1
II 

58.1 42 
I 

S. agropast ' 32.1 67.9 71.4 25.0 89.3 ' 10.7 1 

I " --------- ' ' I
 

77, I I
I3 I
'Northern I I 

pastoraLists1 7.8
Iwoequip. ! 3.4 88.9
 
I-----------------------------. ... ... ... ... -------- -------- --------

IN. pastoral., 44.4 55.6 55.6 i 44.4 33.3 55.6 
w/ equip. 1 1 1 

.............................................................................................
 

Southern ' 'I I I I 
pastoral.w/ I 1 100 1 19.0 1 81.0 1 47.6 1 47.6 
& w/o equip.! I I I I I 

Source: Survey implemented from December 1987 to March 1988. IER-USAID-MSU project.
 

d. Outline of reforms and solutions.
 

Since the problem of agricultural input supplies has been brought to
 
light, action has been taken to solve some of these problems. Several of
 
these measures have been reforms to existing institutions such as the
 
seed multiplication and producticn program. Other timely effects have
 
been in the removal of particular problems which might, however, arise
 
again.
 

The seed multiplication and production program currently under
 
design proposes the restructuring of the agencies involved and the
 
reinforcement of their means of production ("La Revue du Secteur Agricole
 
du Mali," Novemuer 1987 p. 178). The PNUD project MLI/86/005/B/01/12, in
 
effect for a period of four and one half years, focuses on the production
 
and propagation of improved varieties of millet, sorghum, maize and
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cowpea seed. At the same time, the production and propagation of the rice
 
variety Oryza sativa are not a part of its program.
 

The World Bank proposed to the Ministry of Planning support for a
 
long-term improvement program in agricultural support services, starting
 
with the extension service. The first part of this program would be
 
carried out during the 1988-89 agricultural season in four areas, three
 
of which have been named: ORM, ORS and the Office du Niger (ON). An
 
evaluation following this step will decide the content and scope of the
 
next part of the program (World Bank, undated). The introduction of the
 
Training and Visit System, similar to the research system approach, was
 
decided upon during initial discussions between the Ministries of
 
Agriculture, Natural Resources and Animal Breeding, and the World Bank
 
(CCCE, 1988).
 

An order placed in 1986 by the Koro and Bankass area village farmer
 
groups (Tons) was finally delivered. The order consisted of 754 carts (of
 
which 172 were for 8 Tons in the Bankass circle) and 344 donkey plows (of
 
which 86 donkey plows and 32 TOM brand plows were for 8 Tons in the
 
Bankass circle) on which 20% of the credit value was paid. The Societe
 
Malienne d'Etude et de Construction de Materiel Agricole (SMECMA) could
 
not provide tires for the cart frames, and DNACOOP, acting in the name of
 
the village Tons, imported them from a merchant in Bamako. The donkey
 
plows were purchased from the ON1M who, at the end of the 1986-87 season,
 
had 550 donkey plows and 210 TOM plows in unsold stock (OMM, March 1987).
 
This equipment was sold on c dit for 56,235 F CFA per set of cart frames
 
and 48,335 F CFA per donkey plow. Subtracting the initial investment of
 
20%, the annual payments come to 13,856 F CFA and 11,910 F CFA
 
respectively, over a period of 4 years at 9% interest.
 

SMECMA underwent a severe financial crisis in 1986 and 1987. As a
 
result of this crisis and its use of out-dated production equipment,
 
orders for agricultural materials could not be filled. Currently, SMECMA
 
claims that it is able to honor its agreements. It should be noted,
 
however, that SMECMA's costs of production are 8% higher than the average
 
price of its product. As an extreme example: SMECMA takes a 30% loss on
 
the s2lling price of a grain drill (correspondence from the assistant
 
director at SMECMA, August 1988). Consequently, the production of
 
agricultural equipment in Mali is subsidized. In addition, there are no
 
taxes on imported materials except for a 5% CPS. These particular
 
advantages limit private competition for SMECMA, despite a strong unmet
 
domestic demand for agricultural equipment.
 

Furthermore, the equipment manufactured by SMECMA is not always
 
well-adapted to the soil and climatic conditions around Seno where, for
 
example, crop spacing is greater than in other areas (see the research
 
subject on the improvement of cropping techniques).
 

One solution would be to manufacture and assemble certain equipment
 
parts regionally. This could increase adaptability of use and supply
 
local conditions. The Dutch project ADAMA (Association Des Ateliers de
 
Materiels Agricoles) has similar objectives.
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Lutheran World Relief (undated), in collaboration with the CAC of
 
Bankass, financed a 45-day training seminar (May and June, 1988) for 10
 
blacksmiths from several districts in the Bankass circle (Central

Bankass, Baye, Kaw, Bozon and Diallassagou) and those from the central
 
training workshop. Five of these blacksmiths formed a cooperative which
 
just received a 9 million FCFA loan from the BNDA to purchase materials
 
to make 200 carts. The assembled carts will be sold for 90,000 FCFA (the

added value nears the value of the materials).
 

e. Proposals.
 

Zone: The entire Fifth Region
 

Production systems: Agropastoral and pastoral.
 

Collaborating services: DNACOOP, BNDA, ORM, ODEM, Direction
 
Regionale de l'Agriculture (Mc-pti).
 

Proposals:
 

(1)Study of private and public sector agricultural

input distribution networks, accompanied by the identification of
 
existing constraints, potentialities and viable alternatives.
 

This study would be carried odt through periodic surveys on the
 
input production and distribution channels (manufacturers, importers,

distributers, users, ODR, etc). Inputs studied would be fungicides

(Thioral, for example), fertilizers, including Tilemsi rock phosphate

(TRP), improved seed varieties and draught animals.
 

It would be interesting to answer the following questions: Why

don't merchants purchase Thioral at the SMPC for resale at weekly

markets? Why aren't fertilizers and TRP marketed? What are commercial
 
profit riargins? Are they high or low? What should be suggested to
 
producers in the Fifth Region, and particularly to those producers who
 
have access to improved seed varieties produced by the OPSS but are in
 
areas nct covered by any service or agency? What is the commercial
 
network for draft animals (from production areas to usage areas)?
 

Regular surveys shoul also be carried out to identify constraints
 
linked to mineral block use for livestock.
 

(2)Study and testing of input supply and credit
 
services in villages not yet included in an extension program under the
 
DSPR project.
 

These studies and tests should be carried out on the inputs included
 
in the technological packages proposed by the DRSPR such as improved seed
 
varieties, insecticides, fertilizers and agricultural equipment. Village
 
farmer groups (Tons) could be intermediaries in carrying out these tests.
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2. 	 Study of Agricultural Product and Livestock Markets and
 
Transactions.
 

a. Introduction.
 

The Fifth Region comprises two ecological zones (flood and non-flood
 
areas) and has therefore, multiple resources in animal breeding;

agriculture and fishing. According to the National Bureau of Statistics
 
(DNSI), cereal production in the Fifth Region consists primarily of rice,

millet, sorghum and fonio. Legumes such as peanuts and wandzou are
 
monocropped in small 
plots. Cowpeas and millet are usually intercropped,

and dah, sesame and sorrel are also grown. For the period 1974 to 1986,

the regional contribution of millet, sorghum and fonio to the national
 
production was 16%. For the sime period, 
the regional contribution of
 
rice 	was 26%. Market gardening, especially onions, is practiced widely
 
on the Bandiagara plateau. Animal breeding in the Fifth Region, in spite

of drought periods, plays an important role economically. In fact, in
 
Mali, the livestock sub-sector contributes to approximately 18% of
 
domestic product and is the second most important source of export
 
revenue 
(Stryker, 1987). According to DNSI statistics, cattle herds in
 
the Fifth Region represented 23% of the national total of herds for the
 
period 1977-1987 and sheep and goat represented 20%. The fishing sub­
sector is also important economically in the Fifth Region, especially in
 
the Mopti (central Delta), Diafarabe (south Delta) and lake Debo (north
 
Delta) circles.
 

Marketing of agricultural, fishing and animal breeding products

takes place in the interior as well as the exterior of the Fifth Region.

Furthermore, Mopti is located between grain producing (Sikasso, Segou and
 
Seno) and grain consumiing zones (Mopti, Gao, and Tombouctou). In this
 
central location, Mopti 
is an important national, and even international,

commercial axis. However, the overvaluation of the CFA franc, import

taxation and export disincentives do not facilitate trade and do not
 
allow the region to benefit completely from its comparative advantage in
 
the areas of agriculture, livestock, and fisheries.
 

(1)Market for cereals and legumes.
 

(a)Demand for cereals and legumes.
 

According to the agricultural sector review for Mali (November 1987,
 
p. 87), on a national scale, the demand for rice will continue to
 
increase. This increase will probably surpass potential growth in local
 
production since production should increase at a rate of 7% annually to
 
satisfy a 2.5% population growth increase by the year 2010. On-the other
 
hand, the demand for millet, sorghum and maize is expected to increase at
 
an annual rate of 2.6%, and will be in line with anticipated local
 



76
 

production growth1 . Otherwise stated, it will be necessary to diversify
 
processing technologies for coarse grains (millet and sorghum processed
 
into flour, couscous, etc.) in order to facilitate grain sales in the
 
long run.
 

Currently, groundnut production meets domestic demand at 40,000 tons
 
nationally. Because of a depressed world price for groundnuts and Mali's
 
landlocked position, the short and intermediate term market for
 
groundnuts will remain domestically based. The current policy advocates
 
protecting the national market against often illegal imports from
 
neighboring countries (Africa, July-August 1988). The 1986 crop has not
 
yet been refined and the 1987 crop not yet ground and pressed. Peanut by­
products consist of oil produced for the local markets, as well as peanut
 
butter and flour produced for local and exterior markets if the quality
 
is satisfactory (director of ODIPAC, personal correspondence, August
 
1988).
 

Sesame is not normally exported because the world market price is
 
not high enough to induce increased production or to cover transportation
 
costs. The CMDT, however, is interested in sesame cultivation for
 
agricultural diversification in its zone (director of ODIPAC, personal
 
correspondence, August 1988).
 

Traditionally, cowpeas were consumed seasonally and particularly
 
during the rainy season. Since the drought, cowpea consumption has
 
increased significantly. The possibility of developing cowpea and wandzou
 
production is realistic for domestic markets and perhaps also for export.
 
Marketing of these products still needs to be coordinated (0.Coulibaly,
 
1987). Farmer organizations are not yet capable of serving more than the
 
local market and merchants are not yet willing to take the risks of
 
unstable and dispersed supply, high transportation costs and export
 
taxes . As in the case of peanuts, research should be undertaken on
 
cowpea technology to meet consumption demands and provide the possibility
 
of a diversifying crop in the Sahel areas ("La Revue du Secteur Agricole
 
du Mali," November, 1987, p. 69).
 

(b)Price levels for grains and legumes.
 

According to the Review of the Agricultural Sector for Mali
 
(November 1987, p.97), prices for millet and sorghum essentially depend
 
on supply and therefore on production. After a good harvest, prices
 
decrease not only because urban demand for millet and sorghum is stable
 

1/ The annual increase in production rates for millet, sorghum
 
and fonio for the period from 1971 to 1987 was 3.3% according to the
 
DNSI and 2.1% according to the DNA (OSCE, 1988).
 

2/ The export tax for oil seeds and fruits other than peanuts is
 

5% and the Contribution for Payment of Services rendered at the time of
 
export (CPS) is 3% (Stryker et al., 1987).
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but also because, after a good season, rural producers have a surplus and
 
their demand is relatively low. After a poor harvest, however, the urban
 
demand compounds the rural demand for the scarce commodity. In sum,
 
coarse grain prices are unstable from one year to the next.
 

The Review (November 1987, p.97) states that the price of rice on
 
the national market is contingent upon import policies and the world
 
market price. In order to align the price of locally produced rice with
 
that of imported rice, rice projects received subsidies during the 1986­
87 season amounting to 28 F CFA/kg at the Office du Niger, 21 F CFA/kg at
 
the ORS and at the ORM, the highest subsidy, 44 F CFA/kg ("La Revue du
 
Secteur Agricole du Mali," November 1987, p. 99). There was no such
 
subsidy for the 1987-88 season. During both of these seasons, the price

of paddy rice was fixed by the rice projects at 70 F CFA/kg.
 

The price of an 80 kg. sack of rice for producers in markets around
 
the delta fluctuated between 4,000 and 7,500 F CFA, or 50 to 90 F CFA/kg

against the official price of 70 F CFA/kg for the 1987-88 season. Prices
 
vary depending on good and bad years for production, the time of year

(whether harvest or hungry period) and the markets.
 

For the Malian people rice, millet and sorghum constitute the staple

foods. It seems, however, that there is no direct correlation between the
 
price of rice and that of millet and sorghum. Cross-price elasticity
 
measures the effects that a change in price for one food product has on
 
the amount consumed of another. In an interim report from their study on
 
prices and food products consumption in Mali, Rogers and Lowdermilk
 
(1988, pp. 19-20) show that the cross-price elasticity for rice and
 
millet/sorghum is low. In other words, when the price of millet and
 
sorghum increases, there is little tendency for consumers to switch to
 
rice consumption or vice versa. The authors explain why rice and
 
millet/sorghum are not substitutes, contrary to expectations, in a price

margin observed in Bamako, Koulikoro, Sikasso, Segou and Mopti.
 

These same authors estimated price elasticities of demand for rice,

millet and sorghum, peanut butter and beef from a sample of consumers in
 
Bamako, Koulikoro, Sikasso, Segou and Mopti. As staple cereals, the
 
demands for rice and millet/sorghum are relatively elastic with respect
 
to price (-0.8 and -0.66, respectively). Such price elasticities are
 
higher than those observed in India (-0.6) or in the United States (-0.1
 
to -0.2). These data signify that a shift of the supply of a commodity on
 
the market (for example, as a result of increased rice imports or
 
increased millet/sorghum production following the adoption of a new
 
technology) ,iill decrease gross revenue only slightly for importers or
 
sellers.
 

A relatively high price elasticity of demand for a commodity does
 
not, however, guarantee diffusion of a new technology designed to shift
 
the supply of this commodity. The producer will respond to the change in
 
profitability and not to the change in gross revenue generated by the new
 
technology. The most important consideration for the producer is the
 
amount by which one can reduce the unit cost of production with respect
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to the eventual decrease in sale price of the commodity due to the supply
 
shift at the time of new technology diffusion. In addition, in the case
 
where the marketing margin between the final product (peanut butter, for
 
example) and the raw product (peanuts, for example) is large, the
 
producer does not face the market demand but a derived market demand. If
 
this margin is large, the derived demand for the raw product from the
 
producer will be relatively price inelastic, even if the price for the
 
final product is relatively price elastic (Tomek and Robinson, 1985).
 

Since peanut butter has a high price elasticity of demand (-1.86 for
 
the urban consumer according to Rogers and Lowdermilk, 1988, pp. 20-21),
 
peanuts would be an attractive investment if, on the one hand, processing
 
and marketing margins aren't too high and, if,the decrease in unit cost
 
is relatively greater with respect to a possible price decrease in the
 
market. Marketing margins are analyzed in the following section, and
 
savings in unit cost obtained through improved technology are estimated
 
in the section on establishing budgets per operation in the following
 
chapter.
 

(c)Marketing margins.
 

Several marketing aspects of the Fifth Region lead one to think that
 
marketing margins may be high. First, there are high transportation costs
 
due to poor road maintenance, high collection costs due to supply
 
dispersal, the risk associated with any commercial undertaking (uncertain
 
demand, official and unofficial taxes, etc.), and information costs.
 
Second, there is the oligopolistic behavior inherent to assembly markets
 
(markets characterized by a few buyers and many sellers) and
 
overmarketing of agricultural products after harvest. These elements can
 
be the source of a significant price differential between the price the
 
producer receives and the price the consumer pays.
 

Since marketing margins are not available for peanuts, those for
 
millet are used in order to estimate the gross margins found between the
 
assembly market in Seno and the consumption market in Mopti. The BECIS
 
(1982, pp. 89-90) provides an estimate for 1981 of the gross margins for
 
millet between the Bankass, Koro and Diallassagou producers
 
(Diallassagou, the largest millet assembly market in the Seno area, lies
 
50 km. south of Bankass) and the suppliers in Mopti. These gross margins
 
have fluctuated between 10 and 50 FM/kg., or 10-30 % of the price in
 
Mopti, depending on the particular market and the season. Gross margins
 
are highest immediately following the harvest in the Diallassagou market
 
which is more isolated and has a higher grain supply than other markets.
 
The lowest gross margins were observed in the Koro market during the
 
rainy season. During this period it is hard to reach the Koro market from
 
Mopti and exchanges take place through Burkina Faso. From August to
 
October 1987, gross margins for millet of 10 F CFA/kg for Koro, 15 F
 
CFA/kg. for Bankass and 25 F CFA/kg. for Diallassagou were recorded at
 
the assembly market in Seno and in Mopti (Henry de Frahan and Diarra,
 
1987). These margins represent 15%, 20% and 35%, respectively, of the
 
sale price for millet in Mopti. The same significance was observed for
 
prices recorded from July 1986 to September 1988 by the Systeme d'Alerte
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Precoce (see Table E.2 in Annex E). Furthermore, in August 1987, the
 
gross margin for peanuts in the shell was 30 F CFA/kg. between Bankass
 
and Mopti, representing approximately 40% of the selling price of peanuts
 
in Mopti (results of an informal survey).
 

(d)The marketing network.
 

Millet from the Seno plain, Bandiagara plateau areas (Henry de
 
Frahan and Diarra, 1987) and also the Koutiala zone (Dione and Dembele,

1986) supplies the Mopti market. Paddy rice comes from the delta and the
 
Office du Niger area ("La Revue du Secteur Agricole du Mali," November,

1987, p.90). Mopti is both a consumption market and a redistribution
 
market for grain deficit areas to the north (Dione and Dembele, 1986;
 
Steffen and 	Kone, 1988).
 

The "La Revue du Secteur Agricole du Mali" (November 1987, p.95)
 
reports regional prices variations limited to 10 F CFA/kg. between
 
surplus (Sikasso) and deficit areas (Kayes).
 

In surveys carried out by the CESA-USAID-MSU project, regional price

variations of 10 to 15 F CFA were observed between the Sikasso and
 
Koutiala markets, and the market at Mopti during the marketing periods

1985-86, 1986-87 and 1987-88. Looking at the correlation coefficients
 
calculated for the Bamako, Koutiala, Mopti and Sikasso markets, the
 
market at Mopti appears to be well-integrated with the markets at
 
Koutiala (0.88) and Bamako (0.83), but less with that of Sikasso (0.71).

The correlation matrix is found in Table 4.2.
 

TABLE 4.2 : 	Correlation matrix for millet prices
 
recorded in the Bamako, Koutiala, Mopti,
 
Sikasso markets.
 

Markets I Bamakol Koutialal Moptil Sikasso
 

Bamako 1.00 

Koutiala .86 1.00 

Mopti .83 .88 1.00 

Sikasso .79 .81 .71 1.00 

Source: Mehta, Publication forthcoming.
 

Moreover, the markets in the principal town. of the Fifth Region
 
seem to be very highly integrated with respect to millet prices. The
 
correlation matrix for millet prices recorded monthly by the Systeme

d'Alerte Precoce for the period of July 1986 to September 1988 shows
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4.3). The market at Gao appears to be well-integrated with the markets
 
in the Fifth Region while the market at Tombouctou seems much less so.
 
This can be explained by the fact that Tombouctou is less accessible
 
than other markets.
 

The peanut supply for the market in Mopti comes primarily from
 
surplus supply in Bamako, whose supply comes from the Kayes region (Kita

and Kolokani districts). ODIPAC prices, available only to Village

Associations, have decreased since 1986 as follows: 
 75 F CFA/kg. for
 
1986-87, 60 F CFA/kg. for 1987-88 and 50 F CFA/kg. for 1988-89 (ODIPAC

director, personal correspondence, August 1988).
 

(e) Seasonal price variations.
 

At the beginning of each seasonal cycle the price of millet depends
 
on the harvest ("La Revue du Secteur Agricole du Mali," November 19987,
 
pp. 95-96). In 1987, the price of millet in the Seno assembly markets at
 
the beginning of the marketing period was approximately double that of
 
last year's price (now 60 F CFA/kg., formerly 30 F CFA/kg.). Prices
 
increase from 50-100% until 
the period right before the next harvest
 
(Henry de Frahan and Diarra, 1987).
 

The same evolution can be seen in the monthly prices for illet
 
recorded by the Systeme d'Alerte Precoce for the markets in the Fifth
 
Region (see Table E.1 
in Annex E). Using this data, the variation
 
coefficient was calculated for the period from October 1986 to September

1988. A value of 50% signifies that the price of millet is 50% higher

than the average in at least one month out of three. most of the price

time series have a variation coefficient between 30 and 50%.
 

Theoretically, in a competitive environment price increases from
 
one month to another should not exceed storage costs for that same
 
period (Dione and Dembele, 1986). In the Fifth Region, however, in spite

of the liberalization of millet and sorghum markets in 1981, there is
 
little competition, and as a result, seasonal price variations would not
 
reflect storage costs. Several organized buyers deal with a large number
 
of producers who are not really organized and who have significant

financial obligations during the assembly period. In towns also, there
 
are several wholesalers who have an apparent monopoly on sales.
 
According to the market studies conducted under the CESA-USAID-MSU
 
project, there a e only six grain wholesalers in Mopti and about thirty

semi-wholesalers . During the marketing 
seasons for 1985-86, 1986-87
 
and 1987-88, the average volume of grain sold by wholesalers was 1,445

tons, 1,736 tons and 572 tons, respectively. The average volume of grain

sold by semi-wholesalers during these same periods was 203 tons, 348
 
tons and 88 tons, respectively (Mona Mehta, forthcoming).
 

3/ Semi-wholesalers are different from wholesalers in that they
 
also engage in retail sales.
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TABLE 4.3 	 CORRELATION MATRIX FOR MILLET PRICES RECORDED BETWEEN JULY 1986 AND SEPTEMBER 1988 FOR MARKETS IN THE FIFTH
 
REGION, TOMBOUCTOU AND GAO.
 

.-----------------------------------------------------------------------------------------------------------------------------

Markets MOPTI BANDIAGARA BANKASS DJENNE DOUENTZA KORO TENENKOU YOUWAROU TOMBOUCTOU GAO------ -------------------------------------------------------------------------- I

MOPTI 1.0000
 
BANDIAGARA .9356"* 1.0000
 

BANKASS .9528** .9284** 
 1.0000
 
DJENNE .9623** .9788** .9571** 1.0000

DOUENTZA .9370** .9265** .90971* .9451'* 1.0000
 
KORO .9685** .9735** .9559** .9896** .9705** 1.0000
 
TENENKOU .9221** .9617** .9287** .9560** .9489** .9581** 1.0000
 
YOUWAROU .9348"* .8909** .9502** .9283** .9537** .9544** .9248** 1.0000
 
T0MBOUCTO .6819* .7083* .6335* .6541* .7367** .7226** .6959* .6795* 1.0000
 

GAO .9264*' .9242** .9278** .9442** .9617** .9696** .9224** .9635** .7729** 1.0000
 

Degrees of freedom: 16
 

*: significant at the 0.01 leveL.
 

**: significant at the 0.001 leveL.
 
Source Matrix catculated from prices recorded by the Syst~me d'ALerte Prdcoze (see Tabte 1 in Annex E).
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There are other factors which increase the costs of storage. These
 
include 1) financial constraints faced by merchants which hinder them
 
from maintaining large stocks, 2) administrative and taxation
 
complications, 3) social and family obligations and 4) uncertainty

pertaining to the flow of OPAM stocks and food aid distributions.
 

At the producer level, temporary village storage with the goal of
 
spreading out supply to receive the best price is limited to wealthier
 
operations producing a cash crop. Other farmers 
are in a hurry to sell
 
regardless of the price in order to repay loans and pay taxes ("La Revue
 
du Secteur Agricole du Mali", November 1987, p. 101; D'Agostino, 1988).
 

This favors the development of secondary cash crops to provide

another source of income, as well as improvement of village storage

conditions. The tax burden is relatively high for farming operations.

The minimum tax is between 800 and 1,300 F CFA per taxable citizen,

depending on the administrative circle in the Fifth Region. A regional

and local development tax of 1,400 F CFA is levied in addition to the
 
minimum tax (regional tax inspector, personal communication, August

1988). It seems probable that this tax pressure exacerbates the surplus­
marketing that occurs right after the harvest, and consequently,

seasonal price variations.
 

In an effort to decrease seasonal variations in millet and sorghum

prices, the Programme de Restructuration du Marche Cerealier (PRMC)

launched a storage credit initiative aimed at merchants (500 million F
 
CFA at an 8% interest rate, 7,500 tons stored) beginning during the
 
1986-87 season. During this same period a similar program, directed at
 
regrouped villages, was enacted through the BNDA (of 16,500 tons stored,

10,000 tons were sold to OPAM at 55 F CFA/kg., the market price being 30
 
F CFA/kg). The objective of this credit program extended to PRMC village
 
groups was to channel cash to the poorest producers at the end of the
 
harvest so that they could reserve their stocks for sale at 
a later
 
date.
 

Since 1987 the PRMC has chosen a new direction. The PRMC has
 
maintained its objective of regulating production prices from year to
 
year, but using more flexible methods than those of OPAM. In particular,

the PRMC wants to promote appropriate financing, village-level storage

and adjustment storage by merchants. Official prices are suppressed
 
except for the price of paddy rice which will remain at 70 F CFA/kg. for
 
3 years. Also, OPAM's role will be limited to managing the buffer stock,
 
supplying deficit and distant areas 
("La Revue du Secteur Agricole du
 
Mali", November 1987, p.108) and installing a market information system

(Steffen,1988). If this last direction is successful, Mopti's role as 
a
 
distribution center for the northern deficit regions might be disrupted.

Likewise, the assembly markets in Seno and income to producers selling
 
grains might also be affected.
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(2)The market for vegetables.
 

One can identify three types of market-gardening, each having

different marketing outlets. The first type comprises village gardens in
 
lowlands, or those bordering streams and perennial rivers, which are
 
watered by hand during the dry season, and more recently those near
 
village water sources with hand pumps (installed by the Operation Puits
 
in the Fifth Region, financed by the EDF). Village gardens are a source
 
of income, particularly for women and youth. Produce is marketed
 
locally.
 

The second type of market-gardening comprises the green belts which
 
supply vegetables to large urban centers. An example is the green belt
 
near Bamako. Market-gardeners operating near urban 
areas are in direct
 
contact with the market and services. They are able to organize the flow
 
of their products and their supply of inputs and agricultural credit (as

does the market gardeners' cooperative in Bamako).
 

The third type of market-gardening is the gardening plots in the
 
large areas (ON), the moderate-sized areas (ODIB) or small gardening
 
areas (the small irrigated areas in Kayes, Tombouctou and Gao, etc.).

Almost all of the market-gardening areas have had to confront different
 
problems, and among those; marketing problems. For example, on the
 
Bandiagara plateau onion marketing encounters both structural and
 
organizational problems. The annual 
estimated onion production on the
 
plateau is approximately 20,000 tons. Home consumption represents only a
 
small portion of this production. The remainder of the production is
 
sold at local markets where the supply isgenerally greater than the
 
demand.
 

Henry de Frahan and Diarra (1987) report that in August 1987 the
 
price per kilo of onions was 250 F CFA in Bandiagara while the price in
 
Bamako was 500 F CFA. Prices are 
the lowest during the production
 
season. For example, from December 1986 to February 1987 the price per

kilo of onions in Bandiagara was between 65 and 100 F CFA. A lack of
 
organization on the part of the producers and a lack of appropriate
 
storage structures or transportation to other markets is conducive to
 
merchants fixing their own prices. The Centre d'Action Cooperative (CAC)

in Bandiagara proposes to restore the producer cooperative of Bandiagara
 
in order to resolve some of these problems.
 

(3)The market for livestock products.
 

(a)Animal production marketing in Mali.
 

According to Delgado and Staatz (1981, p. 294), there are four
 
fundamental objectives in the official malian animal production policy
 
to be applied at the national level:
 

- maximize cattle exports, 
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export fattened cattle and meat rather than forage or young and
 
underweight cattle,
 

satisfy domestic protein needs by using culled cattle, small
 
ruminants and fowl rather than animals which could be exported,
 

promote animal production by encouraging the northern region to
 
become a reproduction zone and the south a grazing zone.
 

In spite of the emphasis that development programs place on animal
 
breeding, it has developed very slowly. Aside from drought and natural
 
resource depletion problems, animal breeding in Mali is also affected by
 
occurrences and trends in the sub-region and in the world. The magnitude

of these crises is reported in numerous documents on cattle mortality
 
rates, the migration of Malian herding families to neighboring

countries, the privation of herding families nourishing themselves and
 
their cattle on food aid, the degradation of resources throughout the
 
country, and the animal breeding sector's decreasing contribution to the
 
national eccnomy.
 

Domestic markets for livestock products are narrow and scattered
 
and the consumer's limited buying power is decreasing (OCDE and CILSS,
 
1987). The expansion of exterior markets for cattle is restrained by
 
movements in other markets such as those in the Ivory Coast and Niger.

In fact, even if Nigeria has a potentially large market for small cattle
 
on the hoof in overland and for small ruminants, Burkina Faso, Niger and
 
Chad offer strong competition for Malian cattle exporters who are
 
considerably disadvantaged by distance from the Nigerian markets.
 

As for the Ivory Coast, it has modified its internal economic
 
policy to ensure the supply of meat to urban consumers. First, the
 
government launched a massive effort to develop animal breeding in the
 
northern part of the country in order to supply an increasing portion of
 
its demand for meat. Then it bought stocks of frozen meat and other
 
products from South America and Europe on the international market.
 
These market modifications led to a decline in the Malian and Burkinabe
 
markets, the primary suppliers of cattle on the hoof in the Sahel.
 
Consequently, hopes of maintaining a market among these countries for
 
meat and meat-products have been almost completely eliminated. These
 
modifications have also contributed to decreased interest on 
the part of
 
the Ivory Coast in developing regional transportation networks or other
 
infrastructure which would result in a comparative advantage for
 
exporters in the Sahel, to the detriment of meat producers in the Ivory

Coast. The organization of the export market requires marketing policies

and solid agreements not only among countries but also among the
 
countries' individuals and institutions. Programs involved in livestock
 
operations should also be included in research on marketing channels.
 

Market organization must also involve reducing cattle marketing
 
costs which currently are 25,000 to 30,000 F CFA per head for export

toward Abidjan by truck (Diakite and Keita, 1988). According to
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merchaits in the Fifth Region, it is not the level of official 
taxes and
 
dutics , considered acceptable, that represent the huge costs of
 
marketing but the unauthorized and hidden taxes. According to Diakite
 
and Keita (1988), these unofficial charges come to about 10,000 to
 
15,000 F CFA per head, or approximately two thirds of the necessary
 
costs in transportation and official charges to go from Mopti to
 
Abidjan. A sensible reduction in marketing costs, followed by an
 
increase in the competitiveness of livestock products, particularly in
 
the Fifth Region, would come through strict application of tax anid
 
customs laws.
 

(b) Marketing of animal products in the
 
Mopti region.
 

Concerning animal breeding in the Sahel, the Fifth Region
 
represents a special case because the grazing land that lies in flood
 
recession areas during the dry season and that is used during the rainy
 
season are in adjacent zones. However, this particularity does not
 
insulate the livestock sector from the primary constraints to animal
 
production in the Sahel as described by the OCDE and the CILSS (1987).

Certain factors specific to the Fifth Region limit, or in fact block,
 
the current level of animal production. These factors are physical,

human, socio-economical and historical (Diakite and Keita, 1988).
 

According to directors at the ODEM, the rational exploitation of
 
cattle in the Fifth Region calls for decreasing livestock herds. Animals
 
withdrawn from the herd for sale generally follow two distinct routes:
 
official and unofficial. In fact, a certain proportion of the animals to
 
be sold goes through the official channel and is sent in a caravan
 
toward Bamako and other destinations to the south. Outside the official
 
channel are the itinerant animal merchants. As indicated by their name,
 
these merchants travel from place to place buying animals for resale in
 
an urban area, which are eventually sent to the south or south-west.
 
Aside from the cattle marketing network toward the exterior of the
 
region, there are significant local markets where herders sell different
 
categories and breeds of animals such as draught cattle, grazing cattle,

donkeys, camels, goats and sheep. Animals can 
be bought by investors who
 
then deliver them to their original owners or to other herders.
 

Henry de Frahan and Diarra (1987), showed through an informal
 
survey in the Fifth Region that cattle marketing takes place in the
 
following markets:
 

- the Fatoma and Somadougou markets for animals from the Mopti and 
Bandiagara circles, 

4/ 
The export tax is fixed at 200 F CFA per head of cattle and at

500 F CFA per sheep or goat. To this, one adds 3% for the CPS (Stryker
 
et al., 1987).
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the Douentza, Boni, Hombori and N'Gouma markets for animals from
 
the Douentza and Seno-Nango circles,
 

the Koro and Douna markets for animals from Seno-Gondo.
 

Outside of these main markets, animals (especially small ruminants)
 
are sold everywhere in weekly village markets.
 

According to the regional ODEM administrator in Koro, there are two
 
marketing routes for animals originating in the Seno plain area and sent
 
outside the region (mainly to the Ivory Coast). The first route is from
 
Koro or Douna toward Tnugan in Burkina Faso. From Tougan, the animals
 
are then sent to Bobo-Dioulasso (cattle are herded overland, goats and
 
sheep are sent by truck) where they are sent by train to Abidjan. The
 
second route goes to Koudougou in Burkina Faso where cattle are sent by

train to Abidjan, while goats and sheep are herded overland to Tiou in
 
Burkina Faso. From Tiou, goats and sheep are then sent by train to
 
Abidjan. According to administrative statistics, 6,000 head of cattle,

21,000 sheep and 7,000 goats were exported in this manner in 1984. In
 
1985, livestock exports amounted to 4,000 head of cattle, 22,000 sheep

and 6,000 goats (the regional ODEM administrator of Koro, personal

correspondence, July 1987).
 

It seems that prices in local livestock markets in the Fifth Region
 
are established by a minority of merchants. As animals pass through the
 
official channel, prices and quantities sold are recorded. lhe absence
 
of government instituted arrangements to control the price of cattle on
 
the hoof is noted. Only the price and quantity of meat are supervised at
 
butchers and at slaughterhouses. It should be noted, however, that in
 
the Fatoma and Sofara markets the ODEM levics a fee on each animal
 
brought to market (100 F CFA per head of cattle and 50 F CFA per small
 
ruminant).
 

(c)Groups of animal herders.
 

To relieve the pressure of the influx of animals on waiting zones
 
and grazing land in flooded areas, the ODEM initiated a well-digging
 
project near tie flood recession areas favorable to extensive animal
 
breeding (Mema and Seno-Mango). Such a project would slow down the
 
arrival of animals in holding zones, and consequently limit overgrazing

in these areas. The equipment for these boreholes is obtained through

credit allocated to the groups of herders.
 

The orgalization of these groups would create a unity of herders
 
managing their own herds and with a bore-hole or well. These groups are
 
currently located in a grazing area that is allocated to them
 
preferentially. In return for the ODEM's support, the herding groups
 
agree to provide the financing and material for the bore-hole or to the
 
construction of a well or reserve well. They must also agree to the
 
management terms; in other words, supervision of the area, respect for
 
this responsibility, and of exploitation and restricted usage periods,
 
etc., and respect of the habits and customs of the area.
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For these groups of herders, the most important problems seem to be
 
not only in finding mineral supplements, livestock and milk marketing,

but also in managing water sources and grazing land.
 

(4)Markets for fish products.
 

The fishing sub-sector represents one of the primary economic
 
activities in Mali and has an important role in exterior trade.
 
According to the document entitled "Etat d'Execution Technique et
 
Financiere du Projet de Developpement de la Peche au Mali" (Operation

Peche Mopti, undated), this sub-sector represents approximately 3% of
 
the gross domestic product and 8% of total value of exports. Fishing is
 
fourth in importance after cotton, groundnuts and livestock products.

Annual production is not known precisely but is estimated at over
 
100,000 tons of fresh fish, which ranks Mali 
as the tenth largest

producer in Africa, and among the largest producers of fish in the
 
Sahel. Fishing in Mali is mainly concentrated in the central Niger delta
 
and great lakes areas and affects over 300,000 people either through

income earned or home-consumption. Ninety percent of the marketed
 
production is in the form of either dried or 
smoked fish, some of which
 
is marketed domestically but a large amount of which is exported to
 
Burkina Faso, Ghana and the Ivory Coast (8 million tons exported from a
 
total of 35.7 million tons produced from 1972 to 1985). Unfortunately,

during the 1960's a lot of resources were wasted in production,

processing and marketing. Also, the Malian government has drawn up 
an
 
enormous fisheries development plan for the country. To carry out this
 
program, an integrated development project was created called "Operation

Peche Mopti" (OPM). According to the above-mentioned document (OPM,

undated), the objectives of this project are the following:
 

- an increase in the amount of fish :aught,
 

- improvement of fish smoking and drying,
 

- organization and management of fish markets,
 

- processing and marketing of fish in various ways, 

- encouragement and organization of fishing groups in collaboration 
with cooperative services. 

The OPM also has the goal of encouraging fish production in its
 

operating area, primarily by the:
 

- development of fresh-water fish culture,
 

- restocking of ponds, 

- improvement of fisheries techniques, 

- improvement of processing and storage techniques (drying, smoking, 
storage and packaging of fish products), 
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organization and management of fishermen,
 

- organization of marketing centers, 

encouragement and organization of fisheries groups in collaboration
 
with other agencies.
 

The OPM is collaborating with the hydrobiology laboratory on 
a
 
study to identify the impact of fishing practices on the fish ecosystem

in the Diafarabe, Aka, Mopti and other zones. Furthermore, the
 
hydrobiology lab is also collaborating with ORSTOM on a multi­
disciplinary study of fishermen. This laboratory envisions the eventual
 
installation of a permanent team of researchers to follow the
 
development of fish culture. It is for this reason 
that any intervention
 
made by the DRSPR in the fisheries sub-sector should be identified and
 
carried in collaboration with laboratory and with the other agencies

concerned with the development of fish culture in Mali.
 

(b)Objectives.
 

The primary objectives for this subject of research are the
 
following:
 

- to identify supply constraints for agricultural products on the
 
Mopti market in the Fifth Region so that producers in the region
 
can better compete on the Mopti market with other areas,
 

- to identify potential marketing channels in order to orient and
 
support intensification and diversification of agriculture,
 

- to identify constraints in reducing cattle herds for sale, making

animal management more rational and profitable,
 

- to identify the possible effects of measures taken by the PRMC and 
the OPAM in markets, and concerning transactions and production in 
the Fifth Region, and to notify the CESA, the PRMC and the OPAM of 
the observations and analyses of these effects. 

(c)Purpose.
 

(1)Agricultural products.
 

According to data collected during an informal survey in the Fifth
 
Region, the Sevare and Mopti markets obtain supplies of agricultural

products, except millet, from other areas 
in the region. Products like
 
groundnuts, cowpeas, etc., 
come from the southern regions. More data
 
should be collected in order to determine why this situation exists and
 
for what reasons when, ecologically, these products could be grown in
 
the Fifth Region. An answer to this question would determine if the
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Fifth Region could compete with other regions in the consumption and
 
redistribution market in Mopti and perhaps increase its market share.
 

The sale of secondary cash crops and small ruminants should
 
decrease the transaction rate for millet, and consequently, have a
 
positive effect on family food security and on 
income. According to a
 
formal study, the transaction rate for millet is high. Among the farmers
 
interviewed during this study, 67% report that the sale of millet
 
constitutes their largest sales of agricultural products (11% cited
 
groundnuts). Furthermore, 92% report that buying millet is their
 
greatest expenditure on agricultural products. Also, transaction rates

for small ruminants are high. For 60% of the farmers interviewed, small
 
ruminants comprised their largest sales of animal products. A lesser
 
percentage are buyers, approximately 23%. That there are more sales than
 
purchases leads one to surmise that those who raise small 
ruminants in
 
the Seno and Plateau areas derive a marketing surplus.
 

The possibility of selling secondary crops should also promote

intensification in agriculture by furnishing the necessary income to buy

inputs (refer to the research subject on the development of secondary
 
and minor crops).
 

The study of cereals, legume and small ruminant transactions (rate

and period by category of farming/herding or herding operation and by

the type of product bought or sold) as well as the study of assembly,

consumption and redistribution markets (with estimated actual prices and
 
quantities sold in these markets) should:
 

- clarify producers' motivations for buying and selling, and 
consequently, identify positive measures that could be taken by the
 
PRMC and the OPAM to ensure food security for all producer types

and, for example, to decrease seasonal price variations by

promoting village-level storage;
 

- identify potential marketing channels for secondary crops and small 
ruminants in order to insure a solid basis for the intensification 
of these investments; 

- clarify the position of secondary cash crops and small animal 
raising in the family food security strategy and as a source of 
income in order to ensure that the development of these investments
 
can contribute to family food security, an increase in available
 
income and finally, to the intensification of agriculture.
 

(2)Market gardening products.
 

Vegetable marketing on the Plateau, particularly for onions, is
 
without a doubt the most difficult problem to be dealt within this
 
subsector. Currently, there are plans to approach this problem through

the establishment of local development groups, supported by the GTZ and
 
the Catholic mission. DRSPR activities in this area should be determined
 
in coordination with these organizations.
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(3) Livestock products.
 

The sale of livestock as a form of management is, for the ODEM, the
 
basis and the optimal method of raising livestock in the region (Diakite
 
and Keita, 1988). The ODEM's approach to herding systems is of four
 
types:
 

- extension of information to breeders on the damages caused by 
extensive animal breeding, 

- construction and supervision of cattle markets (secured markets for 
unrestricted transactions), 

- promotion and support of socio-professional groups in the beef­
cattle sub-sector, 

- application of agricultural credit to livestock consumption. 

According to Keita and Diakite (1988), the results obtained to 
present indicate a clear change of perception about the problem of
 
selling off herds. The composition of herds is progressively changing as
 
desired. Cattle markets have been established and the socio-professional
 
individuals (cattle merchants, intermediaries, butchers and part-time
 
breeders) are trying to organize their efforts to access investments and
 
credit.
 

Constraining the expansion of this action are the prices offered to
 
the primary breeder and his ability to market his product, and the
 
investment possibilities in other areas of animal breeding. On this
 
latter point, Diakite and Keita (1988, p. 16) point out that the areas
 
in which breeders could invest surplus production are complex and not
 
well defined. They suggest that the problem is economic, institutional
 
and sociological. Generally speaking, it is a question of creating other
 
consumption and investment demands among breeders, stressing their role
 
in the financial and economic network. This depends much upon the
 
education, awareness of responsibility and security of the breeder. In
 
this manner, the breeder would have better access to credit and would
 
invest in the improvement of his production and his lifestyle (technical
 
development and equipment, housing, etc.). ODEM's previous experience
 
with animal breeders illustrates that the breeder can invest in
 
j,,.uipment (e.g. water pump) as soon as use rights are accorded to him.
 

In developing alternative investment strategies for animal
 
breeding, the administrators at ODEM suggest an in-depth study of the
 
existing systems, their relationship and connections, and their
 
evolution according to peak and trough periods in production. Shortage
 
and change-inducing elements should also be identified in order to
 
retain a positive production system within the general dynamic
 
development system.
 

Nevertheless, given current knowledge, the following investments
 
should be encouraged in the region:
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livestock trade and fattening,
 

milk production,
 

- the processing industry. 

Regarding livestock trade and fattening, it seems that traditional
 
livestock trade has reached its adaptive limits to new market
 
conditions. Parallel to the traditional practice of buying and selling,
 
peasant livestock fattening and semi-intensive fattening of cattle and
 
sheep produce added value and a better quality product. For example,

sheep fattening is a well-adapted production activity where essential
 
feed inputs are found locally and any services needed are those
 
necessary to animal care (vaccinations, parasite treatments,etc.).

Peasant livestock fattening is done primarily by women and is an
 
activity that draws on local production systems (green forage, acacia
 
pods, agricultural by-products, etc.). Sheep fattening (domestic breed)

is practiced widely on the Bandiagara plateau with the livestock market
 
in Fatoma drawing its production. However, since 1984 this market has
 
been saturated with fattening animals. A complete study of the marketing

network, especially for exports, is necessary to update legislation in
 
this area. There are many taxes levied on livestock. First, there is an
 
annual tax of 250 F CFA per cow, 100 F CFA per donkey and 50 F CFA per
 
goat or sheep. Second, there are taxes levied on slaughter and market
 
profit. Finally, there are license fees, trade dues and health
 
inspection fees. These numerous taxes and administrative complications

discourage legal exports of live animals to neighboring countries
 
(Stryker et al., 1987).
 

In addition to marketing, the research plan should also investigate

the intercropping of certain forage crops with other crops in this
 
zone. Results obtained at this level would contribute to a reduction in
 
production costs and, therefore, to an increase in marketing.
 

Intensifying milk production appears to be the only solution
 
possible to compete with the enormous imports of milk products. This
 
will involve a certain intensification and selection in breeding, in
 
both the intermediate and long run. In the Fifth Region, milk production

differs according to the time of year, the zone, and even the breeding
 
method. Milk is sold on the spot, traded for grain, processed into
 
butter or sold elsewhere. Prices fluctuate depending on the time of year

and on supply and demand. In the Mopti district, prices range from 75 to
 
150 F CFA/liter in extreme cases. In areas with a large amount of
 
production and weak demand, milk is sold at 10 to 50 F CFA/liter, and
 
only by virtue of making butter is there a variable profit. This is
 
especially the case in Boni, Mondoro, Ouo, Dialloube, Wallado-Debo,
 
Yongari, etc., during certain periods (Diakite and Keita, 1988).
 

Poultry farming, the poor second to livestock breeding, should be
 
carefully researched, especially in the Bandiagara plateau area. Poultry

is an important consumption item for urban as well as rural dwellers.
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Processing of animal products and by-products serves as an
 
indispensable support to increasing these endeavors in the future. In
 
any case, the socioeconomic importance of animal breeding in the region
 
remains a major advantage in this undertaking.
 

The problems linked to organizing groups of animal breeders
 
described above as environmental management, land tenure legislation,
 
etc., are also important and call for the ODEM's expertise in all
 
research areas. The desired objective is to motivate herders into
 
organizing and 	achieving the goal of rational management of fattening
 
land resources 	and the exploitation of water sources. According to
 
Diakite and Keita (1988), 30 water sources are present in the flood
 
zones in Mema and Seno-Mango.
 

(4)The importance of this research subject.
 

The development of this subject is ambitious. It will probably

demand the full-time aid of an agricultural economist, two supervisors
 
and four to six survey-takers. These results are important to enumerate
 
and orient the possibilities for expansion in agriculture and livestock,
 
without which it would be difficult for producers to increase current
 
output given the traditional methods they use. This research proposal
 
is, in a manner of speaking, the impetus for other proposals, and
 
consequently, for agricultural and livestock development in the Fifth
 
Region. This subject also allows for a better appreciation of the
 
economic and institutional environment of production systems in the
 
Fifth Region. In addition, it will permit from the initial expansion of
 
the DRSPR in the Fifth Region, the micro and macroeconomic linkages that
 
are so often missing in research projects. In fact, this evaluation team
 
surmises that the constraints found at the market level and in
 
agricultural product and livestock transactions could limit the expected
 
effects of development and appropriate technology transfer on increasing
 
production. The presence of a lucrative market is a motivating factor
 
which drives farmers to accept technological innovations capable of
 
increasing production (Cunard, DRSPR, personal communication, November
 
1988).
 

d. Proposals.
 

Zone: The entire Fifth Region.
 

Production system: Agropastoral and pastoral.
 

Collaborating services: Direction Regionale de l'Agriculture
 
(Mopti), ORM, ODEM, Food Security Project (CESA-USAID-MSU), OPAM and
 
PRMC.
 

Proposals: (1)	Study of assembly, consumption and redistribution
 
markets for agricultural and livestock products in
 
the Fifth Region.
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This study should be accompanied by a price survey, and
 
identification of trade periods, and a follow-up of merchants'
 
activities. Several organizations already collect market prices (ODEM,

SAP, CESA-USAID-MSU, PADEM). To identify potential marketing outlets,

this study along with the study on potential groundnut, cowpea and
 
sesame production (see the research subject concerning the development

of secondary and minor crops) and the study on the integration of
 
agriculture and livestock, should point out possibilities of developing

both secondary crops and small ruminant breeding.
 

(2) Study of cereal and small ruminant transactions
 
at the producer level and in the generation of
 
farm and nonfarm income.
 

The CESA-USAID-MSU Food Security Project and CIPEA are already

carrying out this type of study in the CMDT and OHV zones. 
In
 
conjunction with the previously mentioned study, this particular study

will furnish a more precise idea of the type of cereal market
 
restructuring and the specific actions (credit for storage, marketing,

cereal banks, etc.) that would increase cereal production and diminish
 
seasonal price fluctuations and also those fluctuations lasting several
 
years.
 

(3) Follow-up on groups of animal breeders.
 

(a) Study of the composition and
 
exploitation of herds.
 

This study should suggest measures that promote selling-off herds
 
and alternative investments that are better adapted to the current
 
situation rather than perpetuating the extensive animal breeding system.
 

(b) Study of water sources and
 
grazing lands.
 

This study should suggest ways of managing water sources and
 
grazing lands with the goal of improving seasonal herding operations.
 

3. Intensification of Millet-Cowpea Intercropping.
 

a. Introduction.
 

Intercropping is most frequently used by farmers in semi-arid areas
 
(Shetty et al., 1987). Areas cultivated using intercropping techniques
 
are estimated at 80% of the total land area in cultivation in Mali
 
(Keita, 1977).
 

Intercropping of millet and cowpeas is also widely practiced on 
the
 
Seno plain and the Bandiagara plateau. Despite relatively low output

(about 400 to 600 kg/ha of millet and 50 to 200 kg/ha of cowpeas;

results of an informal survey), this cultivation method is still the
 



94
 

best adapted to the severe environmental conditions (sporadic rainfall,
 
wind erosion, poor soils) and producer purposes (food self-sufficiency,

risk minimization of total loss, optimization of cultivation and labor,
 
etc.). Research programs, however, have long ignored intercropping

because it interferes with the extension of mechanization processes,

fertilizer use, plant protection products and herbicides. Also, millet
 
and cowpea genotypes were usually selected for use in monocropping
 
systems, and therefore, their performance in intercropping systems has
 
been limited. Moreover, agricultural factors (planting periods, cropping
 
patterns, density of seeding and fertilization) that influence the
 
growth of species are not always easy to overcome, even during research,
 
because of their complexity.
 

According to the results obtained during experimentation (Ntare et
 
al., 1987; Traore and Martine, 1987; Sawadogo, 1985), it is possible to
 
increase the millet-sorghum intercropping yields appreciably by slightly

increasing the planting density of the traditional system, using an
 
early variety of cowpea suitable for intercropping, applying a mineral
 
fertilizer on the two crops and insecticide treatments on cowpeas in the
 
field and in storage. Traore and Martine (1987) actually obtained yields

of 1014 kg/ha for millet and 141 kg/ha for cowpeas in Koporo (Mali) in
 
1986 where planting densities were 52,000 and 26,000 plants/ha for
 
millet and cowpeas, respectively. Even though the selling price for
 
cowpeas was relatively high (60 to 100 F/kg), the profitability of such
 
a system is still 
marginal due to the high price of mineral fertilizer,
 
low millet prices and a higher demand for labor.
 

b. Objectives. 

The main objectives of this subject of research are to: 

- maintain, and if possible, increase millet yields, 

- increase yields for cowpeas as a secondary crop. 

These two objectives contribute to satisfying food needs and 
increasing agricultural incomes.
 

c. Purpose.
 

(1) The relative importance of millet-cowpea
 
intercropping.
 

Intercropping plays an important role in the Seno and Bandiagara

plateau production systems. In this area of the Fifth Region, 88% of the
 
farmers use this system in the family fields (results from a formal
 
survey, 1988). Millet and cowpea intercropping is done mainly by men in
 
their individual plots (50%). Women are less likely to use this system
 
(22%, results from a formal survey).
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According to OMM statistics (monthly reports, January and February,

1987),land areas on which millet and sorghum are grown regionally

(mainly intercropped with cowpeas, either planted in the same hole or
 
every other hole) cover 238,450 ha, or 88% of the area grown in rainy
 
season crops in the OMM zone.
 

(2) Benefits of millet-cowpea intercropping.
 

(a)Technical benefits (agricultural).
 

Many authors have reported the advantages of intercropping over
 
monocropping. The earliest results indicate that, in general,

intercropping gives higher yields than monocropping (Willey 1979a,
 
1979b). In the field, millet yields obtained through intercropping reach
 
60 to 90% of the yields from obtained from monoculture (Ntare et al.,

1987). Fussel and Serafini (1985) found that intercropping systems based
 
on millet and cowpeas usually improve and stabilize the overall yield in
 
semi-arid areas of West Africa. Intercropping does not only increase
 
yields; it plays an important role in soil conservation, in supporting
 
the system and in propagation (Norman, 1974; Finlay, 1976; Beets, 1982).
 

The use of an early cowpea variety grown together with millet is
 
not a traditional practice. It seems prnmising, however, in semi-arid
 
areas where millet is widely spaced at planting (2000 to 9000 holes
 
seeded/ha). Planting the early cowpea variety can absorb a lot of
 
moisture from the soil and competes little with the millet. In fact, 
a
 
substantial amount of moisture in soil (up to 40% of the
 
evapotranspiration) is lost because of evaporation. The loss of
 
evapotranspiration is especially important during the first month of
 
growth when the millet offers little vegetative cover for the soil
 
(Ntare et al., 1987).
 

Results from the research center's study on planting dates show
 
that it is possible to improve cowpea yields without affecting millet
 
performance. Studies have shown that planting cowpeas at 
the same time
 
as millet, or shortly thereafter, allows the cowpeas to develop during

the initial growth stage without shade from the millet plants. On the
 
other hand, cowpeas planted 25 days after millet result in almost total
 
failure (Ntare et al., 1987). Elsewhere, when cowpeas are harvested
 
before the millet flowers, yield increases of approximately 60% have
 
been reported. These studies illustrate the potential for intercropping
 
an early cowpea variety with millet.
 

The results obtained by Ntare et al. in 1987 show that millet
 
yields are not noticeably reduced when cowpeas are planted more densely,

given that soil moisture and fertility are sufficient. A 22-51% increase
 
in cowpea yields is possible without compromising millet yields when
 
cowpeas are sown 
at 6,250 to 25,000 plants/ha (Serafini and associates,
 
1982).
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(b)Economic benefits.
 

Norman (1971, 1974) showed that intercropping increases total
 
income and reduces labor and the possibility of total crop loss. Studies
 
carried out on millet-cowpea intercropping systems in 1983 and 1984 by
 
Sawadogo et al. in Burkina Faso showed that the greatest constraints
 
concerning intercropping are primarily soil moisture and fertility.
 
Economic analysis of this system has revealed that the net income
 
obtained from the two crops is greater than that obtained from growing
 
only millet. Likewise, the millet-cowpea intercropping systems have all
 
shown a positive hourly income for the additional labor needed above
 
that necessary for growing only millet (given favorable rainfall and
 
fertility conditions). Sawadogo et al. (1985) conclude that with
 
favorable moisture and fertility conditions (from a test in Dissankuy in
 
1983 and in Bangasse in 1984, Burkina Faso) it is more profitable for
 
farmers to increase the planting density for cowpeas in their
 
intercropping systems. However, with unfavorable conditions (from tests
 
in Bangasse in 1983 and in Nedogo in 1984, Burkina Faso) the farmers'
 
traditional practice seems the most certain and profitable. With
 
improved manaqement, increasing cowpea planting densities slightly above
 
that which is currently practiced by farmers appears to be economically
 
worthwhile.
 

In Mali, studies emphasizing the benefits of millet-cowpea
 
intercropping are rare. Serafini and associates (1982), recommending the
 
planting of cowpeas between rows of millet, state that they did not
 
carry out an economic evaluation to see if the increase in yield derived
 
from this practice offsets the necessary investment. Traore et al.
 
(1987) tested the aforementioned improved system; two rows of millet for
 
every row of cowpeas, against the traditional system in seven areas in
 
the Segou region. Economic analysis revealed an insignificant difference
 
between the two systems. It appears that additional research (thematic
 
and applied) would be necessary to improve millet-cowpea intercropping
 
and make it profitable in Mali. Socioeconomic studies are also important
 
in investigating the profitability and acceptability by farmers of the
 
current intercropping systems suggested by the research team.
 

Furthermore, the demand for inputs creates a greater dependence on
 
the part of the farmer on agricultural services, on the markets for
 
improved cowpea varieties, fertilizers, insecticides (fur use in the
 
field and during storage) and on marketing outlets for their production.
 
In addition, the purchase of agricultural inputs requires significant
 
financial resources and an appropriate credit system.
 

(3)Analysis of limiting factors.
 

According to the results of a formal survey (Table 4.4), the
 
surface area of family fields is still increasing in the survey area for
 
49% of the farmers interviewed. This development is generally at the
 
expense of fallow periods. In fact, 51% of the farmers increased the
 
size of their family fields in this manner. However, the individual
 
fields of the heads of households, dependent males and women, have not
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increased as much in size. Only 23% (women's individual fields) to 38%
 
(separate fields of dependent males) of these individual fields have
 
increased in area.
 

As for the fields which remained unchanged or had decreased in
 
size, labor seems to be the foremost limiting factor to the expansion of
 
cereal crops. Lack of available field space is given as the second
 
limiting factor (Table 4.5).
 

TABLE 4.4 : 	Change in area cultivated in Seno and the Bandiagara

plateau (Given in % of people interviewed).
 

Family Individual fields
Change fields .. 
. . . . . .	. . . . . . .
Head -
 Men -
 Women
 

Positive 
 49 32 38 23
 

Constant 	 27 49 46 53
 

Negative 	 24 18 17 24
 

Source: 	 Survey: December 1987-March 1988. IER-USAID-MSU
 
project.
 

TABLE 4.5 : 	Factors limiting the expansion of area cultvated in
 
Seno and the Bandiagara plateau (Given in % of
 
people interviewed).
 

.--------.--------- -

Limiting factors Family Individual fields
 

f i el d s. . . . . . .
.Head. I. Men 
. . .
 

I Women
 

Labor 	 33 30 40 52
 

Land 
 - 15 14 
------------.-------------------------------------


Source: 	 Survey: Pecember 1987-March 1988. IER-USAID-MSU
 
project.
 

It appears that the productivity of labor in farming operations
 
must be increased, particularly for millet-cowpea intercropping which is
 
widely practiced. According to those interviewed, the first weeding in
 
this system 	is the most labor-intensive (68%), followed by planting

(14%) and harvesting (10%).
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Animal traction facilitates weeding and is cited as making the work
 
less tiring by 44% of those interviewed, as leading to increased
 
planting area for crops for 22%, and as having a beneficial effect
 
against drought for 10%.
 

Improvement of millet-cowpea intercropping should, therefore, focus
 
on increasing labor and/or land productivity. On the other hand, since
 
the availability of capital is very limited due to a lack of cash crops,
 
poor livestock marketing outlets and few nonfarm activities, an increase
 
in the productivity of labor and/or land can not be achieved at a very
 
large financial cost.
 

(4)Analysis of production objectives.
 

Cereal-cowpea intercropping responds well to food zecurity needs
 
given the presence of unfavorable physical conditions. Also, increasing
 
yields while employing few inputs outside of farm allows for increased
 
farm incomes, particularly for the crop grown with the cowpeas. Given
 
the importance of millet-cowpea intercropping in the Fifth Region and
 
the results obtained by the on-station research, a budgetary study will
 
be drawn up in order to analyze the financial and economic profitability
 
of this system in the Seno and Bandiagara plateau areas (see Chapter V).
 

Producer prices for cowpeas are high during the harvest (60 to 100
 
F CFA) and even more so during the hungry season. With appropriate
 
storage techniques producers could benefit from the higher prices, and
 
consequently, diversify and spread out their sources of income.
 

The technical packages suggested below will incorporate the
 
identified production objectives and constraints.
 

d. Proposals.
 

Zone: North, central and south Seno, the plateau, the west delta,
 

and the flood recession area of the delta.
 

Production system: Agropastoral and pastoral.
 

Collaborating agencies: SRCVO/DRA, Direction Regionale de
 
l'Agriculture (Mopti).
 

Material and Methods:
 

With regard to the intensification of millet-cowpea intercropping,
 
we have combined various components that have been tested in experiments
 
in many areas and in pre-extension trials. This technological package is
 
adapted for recommendation domains in the Fifth Region: the north,
 
central and south Seno, the plateau, the west delta, and the flood
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recession areas of the delta (refer to Table F.1 in Annex F). The
 
primary components of the package are summarized as follows:
 

(1)Varietal selection.
 

The variety of millet chosen is NKK, a local improved variety from
 
Seno. This variety produced high yields in tests in different areas and
 
in pre-extension trials. Itwill be used in areas receiving sufficient
 
rainfall (south and central Seno, and the plateau). In the north Seno
 
area the early IBV 8001 variety will be used. The variety of cowpea

Gorom-Gorom was chosen for its yield, early maturity, resistance to
 
Striga and uses 'mixed variety for grain and fodder).
 

(2)Selection of cropping methods.
 

Ridging and planting in ridges allow better plant establishment and
 
higher survival rates (Renard et al., 1987). This type of technique will
 
be used in areas where rainfall and soil conditions permit it.
 

Using animal traction for weeding reduces labor time significantly
 
(Renard et al., 1987). Animal traction for this use is recommended for
 
all areas.
 

(3)Selection of planting arrangement and density.
 

Planting cowpeas in between rows of millet was recommended by

Serafini and associates (1982). According to them, planting "two rows of
 
millet for every row of cowpeas" appears to be the most productive. A
 
density of 26,500 holes seeded/ha (75 cm x 50 cm) for millet and of
 
13,300 holes seeded/ha (150 cm x 50 cm) for cowpeas in the
 
aforementioned arrangement was tested on station by Traore and Martine
 
(1987). Currently, another arrangement is being tested; one row of
 
millet per row of cowpeas with 15,625 holes seeded/ha (160 cm x 40 cm)

for millet and 25,000 holes seeded/ha (160 cm x 25 cm ) for cowpeas, and
 
80 cm between the rows which facilitates mechanization of planting and
 
maintenance operations (Coulibaly et al., October 1988). Planting
 
cowpeas approximately two weeks later than millet allows the millet, the
 
principal crop, to development properly.
 

(4) Selection of mineral fertilizer.
 

Soluble mineral fertilizers like ammonium phosphate and urea are
 
suitable for the poor soils found in the Seno and Bandiagara plateau
 
areas. However, due to their price at cost and the low selling price for
 
millet, it is difficult for these fertilizers to be profitable. For this
 
reason, Tilemsi rock phosphate could be tested in areas where the
 
rainfall is adequate enough to dissolve it (the central and south 
areas
 
of Seno and the Bandiagara plateau). Since, however, ammonium phosphate
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and urea have already been tested, these fertilizers at low application
 
rates will be used in drawing up the farm budget for this subject of
 
research.
 

(5)Selection of plant treatments.
 

Millet seed will be treated with APRON+, a fungicide and
 
insecticide produced by CIBA-Geigy. Metalaxyl, one of three components

in this mixture, is effective against mildew. When used at a rate of I
 
gr per kilo of seed during an experiment at Koporo (inthe central Seno
 
zone), Metalaxyl increased millet yields by 10%; from 861 kg to 951
 
kg/ha (Vuong and Selvaraj, October 1988). The cost of treating 10 kg of
 
seed/ha is approximately 250 to 300 F CFA. Even though it is five times
 
more 	expensive than Thioral, APRON+ is still profitable.
 

Cowpeas are not affected by mildew and will be treated with
 
Thioral.
 

The first experiments with intercropping in Mali did not foresee
 
treatments for cowpeas, and without these treatments yields from
 
improved varieties would not be comparable to the local varieties. Two
 
treatments with Decis will be tested at a rate of 1 liter/ha for each
 
treatment. Phostoxin is recommended for protecting stored cowpeas.
 

e. 	 Experimental results obtained at the research center
 
and those expected in the field.
 

At the research center (Traore and Martine, 1987), 50 kg/ha of
 
ammonium phosphate (18-46-0) and 50 kg/ha of urea (46-0-0) were used to
 
obtain a 67% yield increase for millet over that of the control crop
 
receiving no fertilizer application (1,131 kg/ha compared to 678 kg/ha

for the control crop). On the other hand, cowpea yields decreased 46% as
 
compared to the control crop (115 kg/ha compared to 213 kg/ha for the
 
control).
 

One expects yield increases from the technological package

recommended for the south Seno area of 60% above those resulting from
 
traditional methods for millet 6 (800 kg/ha compared to 500 kg/ha for the
 
control), and 450% for cowpeas (180 kg/ha compared to 40 kg/ha for the
 
control) using 50kg/ha of ammonium phosphate and 25 kg/ha of urea on the
 
two crops.
 

5/ 	 Equivalent to 70% of the yields obtained on 
station, taking

into consideration the decreases inyield generally observed in the
 
field and a lesser application of urea (25 instead of 50 kg/ha).
 

6/ The expected yield for cowpeas on the farm is higher than that
 
obtained experimentally. Such an increase is expected from the methods
 
that are currently used on station and that will be used in
 
multilocational tests to optimize spacing and planting and harvest dates
 
(Coulibaly et al., October 1988).
 



101
 

For the central Seno and the plateau areas, expected yield

increases above those obtained from traditional methods are 63% for
 
millet (650 kg/ha compared to 400 kg/ha for the control) and 220% for
 
cowpeas (160 kg/ha compared to 50 kg/ha for the control), using 50 kg of
 
ammonium phosphate alone. For the north Seno area, expected yield

increases are 60% for millet and 300% for cowpeas (120 kg/ha compared to
 
40 kg/ha for the control), using 25 kg of ammonium phosphate alone.
 

4. Intensification of the Millet-Cowpea cropping Pattern and
 

Storage of Cowpeas.
 

a. Introduction.
 

Millet-cowpea intercropping is the traditional practice among

farmers in the Fifth Region. However, even in years with adequate

rainfall, yields are relatively low; approximately 400 to 600 kg/ha of
 
millet and 50 kg/ha of cowpeas. In years with insufficient rainfall,
 
cowpea yields are insignificant. Low yields are due to the following
 
principal factors:
 

- the soils 
1987), 

are poor in phosphorus and nitrogen (OCDE and CILSS, 

- the rains end too early to accommodate the complete 3 to 4 month 
cycle of the traditional cowpea crop (Henry de Frahan and Diarra, 
1987; Kodio, 1988), 

- the low yields of local cowpea varieties limit its contribution to 
household food supplies. 

Increasing millet-cowpea intercropping faces certain technical 
constraints such as the difficulty in mechanizing cropping operations,

and in obtaining the optimal densities and planting dates for the two
 
crops, the lack of appropriate cowpea genotypes for intercropping,and
 
problems in treating cowpeas and in fertilizing both crops ("Les
 
cultures associees au Mali", IER-ICRISAT, 1987).
 

It is still difficult to make millet-cowpea intercropping

economically profitable (Serafini and associates, 1982). However,

interesting results have been obtained from millet and cowpeas grown as
 
monocultures. With the appropriate treatment, yields of 1500 to 1800
 
kg/ha are possible for single cowpea crops (Hats and Raheja, 1975). 0.
 
Coulibaly reports that the agronomy research station in Cinzana, in the
 
Segou region, obtained average yields of 1,255 kg/ha with new varieties
 
of cowpeas. In onfarm trials, not far from the Cinzana station, yields

from new cowpea varieties (mainly KNI and TN 8863 varieties) increased
 
to 760 kg/ha when the crop was treated in the field, from 50 to 100
 
kg/ha for traditional, untreated varieties.
 

More specifically in the Fifth Region, SAFGRAD (1985, 1986, 1987)
 
was able to double cowpea yields in onfarm trials using the early
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varieties TN 8863 and Gorom-Gorom (see Tables 5 and 6 in Chapter II). As
 
for millet, SAFGRAD (1979, 1980, 1981, 1982) obtained an additional 700
 
to 1000 kg/ha of millet during a three-year rotation period (millet­
millet-millet) by applying 300 kg/ha of Tilemsi rock phosphate (TRP) at
 
the beginning of the rotation (see Table 7 in Chapter II). Such yield

ircreases, as well as the early varieties used in the tests, led to the
 
proposal of a research subject on increasing millet and cowpea

monoculture systems. This subject will integrate many elements which
 
have already been tested in a decentralized manner, either at the
 
research station o,. in onfarm trials.
 

There are several constraints limiting the adoption of this
 
technological package during extension; primarily the supply of and
 
credit for inputs and treatment equipment, as well as marketing outlets
 
for cowpea production (0.Coulibaly, 1987).
 

b. Objectives.
 

The two primary objectives of this subject of research are the
 
following:
 

(1) to increase millet and cowpea yields in order to satisfy

demands for food and to increase agricultural incomes.
 

(2) to store cowpeas with the goal of increasing household
 
food security and optimizing selling periods.
 

c. Purpose.
 

Even though millet-cowpea intercropping is widely practiced among

farmers, recent studies have shown that farmers in the north tend to
 
grow cowpeas as a single crop, instead of cereal crops, because of
 
increasingly lower yields due to drought.
 

According to the results of a formal survey in the Seno plain and
 
Bandiagara plateau areas, 10% of the heads of farms, 
16% of the women
 
and 15% of the men interviewed with individual fields grow millet as 
a
 
single crop. An informal study carried out in 1988 by Ousmane Coulibaly

and Moussa Bore Diarra identified several areas where cowpeas are grown

in monoculture: the villages of Dounde in the Bankass circle,
 
Pomorododjou in the Koro circle, and the Bandiougou plain in the
 
Bandiagara circle.
 

As compared to millet-cowpea intercropping, growing these crops in
 
monoculture is easier technically because cropping operations like
 
mechanization, mineral fertilization and treatments on plants 
are more
 
simple to carry out.
 

SAFGRAD results (1979 to 1982) obtained in the Fifth Region for a
 
three-year rotation (millet-millet-millet), treated initially with TRP
 
at a rate of 300 kg/ha are presented in Table 4.6 below.
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TABLE 4.6 : 	Yield increases for millet treated with an
 
initial application of TRP (%).
 

Zone 	 Ist test sequence 2nd test sequence
 
(1979, 1980, 1981) (1980, 1981, 1982)
 

North Seno - 52%
 
Central Seno 87% 35%
 
South Seno 89% 60%
 
Plateau 54%
 

Source: Synthesis of tables in Annex C.
 

SAFGRAD (1985, 1986, 1987) obtained significant yield increases
 
using the improved cowpea varieties TN 88-63 and Gorom-Gorom, and
 
administering 65 kg of phosphate' and one to three treatments of Decis
 
and Cymbush. Treatment results are presented below in Table 4.7.
 

TABLE 4.7: 	 Yield increases for cowpeas subject to
 
fertilizer and plant protection treatment
 
(%). 

Zones Gorom-Gorom 	 TN88-63
 

Central Seno 205% 138%
 
South Seno 262% 263%
 
Central Delta 106% 107%
 
South Delta 1000% 988%
 

Source: Synthesis of Tables 5 and 6 in chapter II.
 

The Gorom-Gorom variety meets a certain number of criteria as a
 
preferable selection for the Fifth Region. Its cycle is short; 50 days

from planting to flowering and 70 days fron, planting to maturity. Its
 
semi-creeping growth produces fodder for draught animals as well 
as
 
grain. Gorom-Gorom is drought- and Striga-resistant and is adapted for
 
cultivation in those areas receiving between 400 and 600 mm of rain.
 
The average experimental yield is between 1000 and 1500 kg/ha
 
("Catalogue Officiel des Especes Vivrieres", SRCSS, 1987).
 

Improved varieties, however, need effective protective treatment.
 
The incidence of disease and parasites (for example, Striga) can be
 
reduced through a three-year rotation of cereal-cowpeas-cereal (Kodio,
 
1987).
 

Traditional storage techniques cannot protect a large quantity of
 
cowpeas from bruchid attack (Henry de Frahan and Diarra, 1987; Kodio,
 

7/ According 	to Kodio (1988), only phosphate has 
a significant
 
effect on cowpea yields.
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1987). Nevertheless, the producer price for cowpeas becomes lucrative
 
during the period June to September. In August 1988, cowpeas were sold
 
for ?50 F CFA/kg at the Sevare market (Tangara, assistant director at
 
OMM, personal communication, August 1988).
 

Improved on-farm storage conditions should allow cowpea producers

to take advantage of the seasonal price increase. Moreover, improved

varieties like Gorom-Gorom with higher yield potential, are more
 
susceptible to bruchid attack during storage, and consequently, call for
 
post-harvest protection (Kodio, 1987).
 

d. Proposals.
 

Zones: North, central and south Seno, areas suitable for
 
cultivation in the plateau and the non-flood areas 
of the delta.
 

Production systems: Agropastoral.
 

Collaborating agencies: Projet Legumineuses Alimentaires and
 
Direction Regionale de l'Agriculture (SRCVO, Mopti).
 

Material and Methods:
 

A cropping pattern test of millet and cowpea crops (3/4 ha of
 
millet for 1/4 ha of cowpeas, each grown in monoculture) is suggested in
 
order to compare traditional millet-cowpea intercropping.
 

(1)Varietal selection.
 

The millet varieties to be tested are: 
 NKK for south and central
 
Seno, IBV 8001 for north Seno, and Toroniou de Ningari in the plateau
 
area. Millet varieties for the flood recession areas of the delta remain
 
to be determined.
 

The varieties NKK and Toroniou de Ningari offer higher yield

potential and good adaptive characteristics for the different ecological
 
areas chosen. However, the choice of the IBV 8.1 variety for north Seno
 
must be confirmed in comparative tests with local varieties. In fact,
 
according to SAFGRAD tests, regardless of the amount of rainfall, IBV
 
8001 has always produced yields inferior or equal to those of local
 
varieties.
 

The cowpea variety Gorom-Gorom will be tested in all zones in
 
comparison with The local varieties.
 

The PNUD/MLI/86/005/B/01/12 project funds a multiplication and
 
diffusion program for selected seeds of dry season crops such as millet
 
and cowpeas. The millet varieties NKK and IBV 8001 and the cowpea

variety Gorom-Gorom chosen for this technological package a:-e a part of
 
its program.
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(2)Mineral fertilization selection.
 

TRP will be applied to millet plots at a rate of 300 kg/ha in south
 
and central Seno, and in the plateau and the non-flood areas of the
 
delta. During informal surveys in the west delta (Mema), the local
 
technical personnel pointed out that the progressive soil fertility

degradation in the area warrants testing TRP.
 

"Super-simple" phosphate will be applied to cowpea plots at a rate
 
of 65 kg/ha in central and south Seno, and in the plateau and non-flood
 
areas of the central and south delta. In north Seno and the west delta
 
(Mema), the rate of application will be reduced by half to 32.5 kg/ha.
 

(3) Selection of cropping techniques.
 

In the south and central Seno, and the Bandiagara plateau areas,

ridging before planting (including the incorporation of TRP) and weeding

with animal traction methods are suggested for millet and cowpea crops.

The TM plow drawn by two oxen is suggested for south Seno and the donkey

plow is suggested for the other zones. In north Seno, the only

mechanized operation will consist of using a donkey plow for weeding

millet crops. Cowpeas, planted in rotation after millet, will be planted

in the ridges resulting from weeding the millet the year before.
 

For the zones in the delta, soil preparation and crop maintenance
 

will be chosen and tested depending on the soil types.
 

(4) Selection of planting arrangement and density.
 

The suggested planting density for millet is slightly greater than
 
that which farmers normally choose. For the south and central Seno and
 
the plateau areas, the suggested planting density for millet is 15,625

hills/ha, spaced 80 cm by 80 cm. In the north Seno zone, the suggested

density of 10,000 hills/ha, spaced I meter by 1 meter, is lower because
 
of lower rainfall and soil fertility. The suggested planting density for
 
cowpeas is that tested by SAFGRAD; 31,250 hills/ha, spaced 80 cm by 40
 
cm.
 

(5) Selection of treatment and storage method for
 
cowpeas.
 

Millet seed will be treated with the fungicide APRON+, and cowpea

seed with the fungicide Thioral.
 

During the vegetative development of cowpeas, two treatments with
 
the insecticides Decis or Cymbush super ED are suggested. Cowpea seed
 
will be stored using the insecticide fumigator Phostoxin (one tablet for
 
100 kg of seed). This would allow the farmer to sell his product when
 
cowpea prices are higher, from June to September.
 



106
 

(6)Expected yields.
 

Expected yields are determined from those obtained by SAFGRAD in
 
the Fifth Region. First, an average yield for millet was calculated from
 
the results obtained through the initial application of 300 kg/ha of TRP
 
on the three-year rotation (millet-millet-millet). This calculation,
 
carried out for the south and central Seno areas (the plateau included),

provide; an average8 annual yield from the rotation. These average annual
 
yields were rounded to 800 kg/h, and to 650 kg/ha for the south and
 
central Seno zones and the plateau, respectively. For the north Seno
 
zone where mineral fertilization is not recommended because of
 
insufficient rainfall, the average annual yield was calculated from a
 
control crop (TRP was not applied) tested by SAFGRAD and rounded to 350
 
kg/ha. Second, cowpea yields from SAFGRAD monoculture plots (Tables 5
 
and 6, Chapter II)were adjusted to 600 kg/ha for the south Seno zone,
 
to 500 kg/ha for the central Seno and Plateau zones, and to 400 kg/ha

for the north Seno zone. Yields of cowpea fodder material were adjusted
 
to 500 kg, 400 kg and 300 kg for the south, central and plateau, and
 
north Seno zones, respectively.
 

5. Development of Secondary and Minor Crops.
 

a. Introduction.
 

In order to sustain increased agricultural production, cash crops
 
must be developed to provide the required financial resources to buy

additional inputs. Cash crop sales could also alter transaction periods

for coarse grain producers by allowing them to shift grain sales to more
 
profitable periods. Cowpea, groundnut, wandzou, sesame and fonio crops
 
are already grown in small plots or intercropped with millet, and could
 
serve as cash crops given thd existence of marketing outlets (see the
 
research subject concerning the identification of market constraints).
 

b. Objectives.
 

The objective of this subject of research is to increase production
 
and productivity of secondary and minor crops. This would make the
 
following possible:
 

- increasing agricultural incomes, particularly those of women, 

- improving diets (emphasis on lipids and proteins, diversification 
of foods during the hungry season), 

- contributing to soil fertility maintenance and animal feed. 

8/ Yields were rounded down slightly.
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c. Purpose.
 

(1) Relative importance of secondary crops.
 

According to OMM statistics (monthly report, January and February

1987), areas planted in groundnuts make up 14,250 ha, or 5% of the total
 
cultivated area in the OMM zone, 11,730 ha of fonio (4%) and 5,990 ha of
 
wandzou (2%). Sesame is an important crop in the Seno plain. In terms of
 
area cultivated, sesame i; the most important secondary crop (Soumano,

SRCVO, personal communica.ion, October 1988). According to DNSI and DNA
 
statistics (OSCE, 1988), both the area cultivated and the production of
 
groundnuts have decreased since 1980.
 

Secondary crops are primarily grown by women, according to a survey

from the plateau and the Seno plain. For 44% of the women interviewed,
 
groundnuts were the principal crop grown, followed by millet-cowpea and
 
millet-cowpea-dah intercropping for 31%, millet for 16% and wandzou. For
 
male farmers, groundnuts are less important than millet-cowpea-dah ard
 
mil-dah intercropping and millet crops. The heads of households grow
 
very few secondary crops in their individual fields besides
 
inter'cropping millet and cowpeas. In family fields fonio, followed by

sorghum, groundnuts and wandzou are the secondary crops planted after
 
millet-cowpea intercropping, millet-cowpea-dah and millet grown in
 
monoculture. Secondary crops are generally grown at the end of the
 
rotation period, except groundnuts which are planted at the end as well
 
as at the beginning of the rotation in women's individual fields.
 

(2)Analysis of produc.ion constraints.
 

(a)Cultivation of cowpeas.
 

The heads of farms cited the following constraints limiting the
 
expansion of cowpea cultivation, in decreasing order: 1) late
 
germination of local varieties, 2) damage done to plants (30%), 3) lack
 
of labor (15%) and 4) lack of land (8%).
 

According to the results of interviews with heads of farms, the
 
primary criticisms of local cowpea varieties are 1) the lengthy cycle

(29%), 2) poor storage (24%) and susceptibility to insect attack in the
 
field (11%). On the other hand, 43% appreciate the taste of the local
 
varieties and 37% find the growth cycle satisfactory. Forty nine percent
 
prefer the creeping varieties, 39% the semi-upright and 13% the upright
 
varieties.
 

The primary pests on local cowpea varieties as cited in the
 
interviews were, first, insects in the field (47%), then insect attack
 
during storage (23%), Striga and other pests (birds, mice, rats) named
 
at 5% each.
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(b)Cultivation of groundnuts and wandzou.
 

According to the survey, the lack of labcr is cited as 
the main
 
constraint to the expansion of groundnuts and wandzou as secondary crops

for women and dependent men with individual fields. Next, lack of seeds,
 
lack of land and the damage done to plants were cited as constraints.
 

In the Fifth Region, groundnut varieties like 47-10 are grown

(Soumano, SRCVO, personal communication, October 1988). These local
 
varieties havu a 90-day cycle and are relatively well-adapted to the
 
Fifth Region. The primary pests attacking groundnuts are insects in the
 
field as cited by 46% of the farmers interviewed, and insects in the
 
stored product as cited by 14%.
 

Wandzou is mainly grown by women in the Fifth Region as a hungry
 
season crop. Even if the market for wandzou proves less profitable, the
 
fact that it matures early and is rich in protein makes it desirable for
 
home consumption. Multi-location tests have demonstrated the performance

of varieties such as CMV4-1 (1.875 kg/ha) and CMV9-1 (1.309 kg/ha)
 
(Kodio, 1988).
 

(c)Cultivation of sesame.
 

Productivity of sesame is relatively low, the average yield being

approximately 300 kg/ha. In the CMDT zone, yields of sesame grown as
 
catch crops were between 200 and 300 kg/ha, while yields from
 
monoculture crops were about 600 kg/ha. The producer price was fixed by

the CMDT at 90 F CFA/kg. The CMDT extracts oil from the seeds or sells
 
the crop to exporters (800 tons were sold from the 1987-88 harvest).
 

For the export market it is important that the varieties introduced
 
to farmers are 
all white in color. There are two white sesame varieties
 
that could be adapted to the ecology of the Fifth Region: 38-1-7 and
 
Yendev 55. Both have a 94 to 98 day cycle. In Cinzana, yields of 711
 
kg/ha and 542 kg/ha, respectively, were obtained in 1987 with 558 mm of
 
rainfall received in 52 days and a 65 kg application of "super simple"

phosphate (Soumano and Traore, 1988).
 

In conclusion, proposals for improving secondary crops should be
 
aimed at increasing labor productivity, facilitating the supply, storage

and treatment of groundnut and wandzou seed. These proposals should also
 
facilitate the introduction of improved early cowpea varieties as well
 
as sufficient plant protection and crop storage.
 

The development of secondary crop production is also contingent
 
upon possible marketing outlets (0.Coulibaly, 1987). This very

important constraint is analyzed in the presentation of the research
 
subject on the identification of marketing constraints.
 

9/ A type of secondary crop planted after the principal crop in
 
the same year.
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d. Proposals.
 

Zone: North, central and south Seno, the plateau, west delta
 
(Mema) and the non-flood areas of the north, central and south delta.
 

Production system: Agropastoral and pastoral.
 

Collaborating agencies: SRCVO/DRA, Direction Regionale de
 
l'Agriculture (Mopti).
 

Materials and methods:
 

Tests on secondary and minor crops such as cowpeas, groundnuts,

wandzou, sesame and fonio are recommended. The subject of cowpea

production has already been covered in the previous sections, and since
 
marketing outlets and more available research results exist for both
 
groundnuts and sesame (crops that have been overlooked by agencies in
 
the Fifth Region), the topic covered in the next section is limited to
 
intensifying production of groundnut and sesame crops.
 

(1) Intensifying the groundnut-millet­
groundnut crop rotation.
 

Except in individual plots cultivated by women, millet is often the
 
first crop grown in rotation immediately following the fallow period

(Cunard, 1983; results from a formal survey, December 1987 to March
 
1988). The groundnut-millet-groundnut rotation is developed here because
 
of the available research results. The DRSPR will 
be able to test the
 
millet-groundnut-millet rotation that 
seems the most appropriate to
 
local production system conditions in the Fifth Region. Another
 
interesting rotation is that of millet-cowpea-millet. The most important

agricultural consideration is to avoid one cereal crop following

another. In fact, according to the IRAT (April 1978), neither groundnuts
 
nor millet nor sorghum should be planted successively. They indicate
 
that whether millet or groundnuts begins the rotation depends on the
 
priority given to each crop, but that planting directly after the fallow
 
provides a poor starting point for many crops.
 

A groundnut-millet-groundnut rotation is suggested here with a 
300
 
kg TRP fertilizer application distributed at the beginning.
 

(a) Varietal selection and seed
 
availability.
 

Improved varieties of cowpeas (see the research subject on
 
increasing production of millet and cowpea monocultures), groundnuts,

wandzou, sesame and fonio are available through agricultural research
 
although their performance needs to be tested. In accordance with the
 
ecological areas of the Fifth Region, several varieties of groundnuts

already being extended in Mali can be selected ("Les Cultures Associees
 
au Mali", IER-ICRISAT, 1987, p. 141). These are the early varieties 47­
10 and 55-437 with the following characteristics:
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Variety: 47-10 55-437 

Growth type: Upright Upright 

Cycle (days): 90 days 90 days 

Shelling rate(%): 72 75 

Yield in the shell(kg/ha): 1500 1000 

Oil content (%): 50 49 

Rainfall requirement (mm): 550-750 350-500 

Recommended areas: central delta north Seno 
south delta central Seno 
south Seno the plateau 

west delta 

The availability of groundnut seed (100 kg in the shell/ha) could
 
be improved if storage conditions are improved (use of insecticides like
 
Damfin and Actellic - application of 50g PC/1OOkg - or Phostoxin ­
application of one tablet/1OOkg). On the other hand, the availability of 
seed could be better guaranteed if the development of small animal 
breeding, for example (see the research subject on agricultural 
integration - breeding), enables people to ranage unexpected

expenditures u. NGOs or l'Action Cooperative could become involved in
 
village seed storage as was done in Senegal and in the Gambia (Henry de
 
Frahan, 1984).
 

Treating seed with Thioral before planting, for example, would
 
increase germination rates. This technique is already used on millet
 
seed and is well-known by farmers. Itwould be easily extended if the
 
product were available in weekly markets or in village shops.
 

(b)Animal traction.
 

Extending animal traction use (see the research subject of
 
improving cropping techniques and identifying input and credit supply

constraints) should reduce labor time, and consequently, increase labor
 
productivity as well as release women from weeding in the family fields.
 
A timely survey would determine if animal traction also benefits women
 
and the conditions in which its use would be the most advantageous.
 

10/ It is realized that groundnut, wandzou or cowpea stocks are
 
used in times of financial need such as a family visit, baptism,
 
marriage or medical care.
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(c)Selection of mineral fertilizer.
 

In central Seno, SAFGRAD (1979. 1980, 1981, 1982), with a single

application of 300 kg of TRP at the beginning of a groundnut-millet

groundnut rotation, obtained yield increases for groundnuts of 25% in
 
1979 (2 locations) and 6% in 1980 (4 locations) inthe first year of the
 
rotation, and 45% 
in 1981 and 8% in 1982 inthe third year. Results

obtained in the south Seno area also indicate yield increases (47% and
 
3% for the first year, 26% and 21% for the third year). These results
 
should be interpreted looseiy inview of the limited number of test
 
locations (one location for the first series of tests and two locations
 
for the second series of tests). Results obtained inthe plateau area
 
indicate a 50% yield increase in the first year of rotation (3

locations, 1980) and 114% 
for the third year' (one location, 1982).
 

The SAFGRAD results also show that yield increases for millet in
 
the second year of the groundnut-millet-groundnut rotation, using 
an
 
initial applicacion of TRP, are greater than those obtained in the

second year of millet-millet-millet rotation. Millet grown inthe second
 
year benefits not only from the TRP but also from the aftereffects of
 
the groundnut crop that preceded it in the rotation (see the tables in
 
Annex C).
 

(d)Expected yields.
 

Yields anticipated from the intensification of the groundnut­
millet-groundnut rotation are those observed inthe SAFGRAD tests I (see

the tables inAnnex C). 
For the south Seno zone, yields expected from
 
this rotation using an initial application of 300 kg of TRP are 570 kg,

860 kg and 230 kg, respectively. In the central Seno and plateau areas,

anticipated yields are 620 kg, 
960 kg and 340 kg, respectively.

Paradoxically, expected yields in the latter zone 
are higher than those
in the south Seno zone while rainfall recorded duriny the three tesL 
months is frequently lower. A less equal distribution of rainfall could 
have had an unfavorable effect in the southern zone. Yields of groundnut

plant matter are typically 80% of the shelled product yields (Soumano,

SRCVO, personal communication, October 1988).
 

(2)Intensification of sesame cultivation.
 

InCinzana (Soumano and Traore, 1988), the sesame variety 38-1-7
 
produced a
yield of 711 kg/ha using 65 kg/ha of "Super simple" phosphate

mineral fertilizer in spite of a lack of rainfall recorded for that
 
period (1987-88, 558 mm, 52 days of rain). Yields were higher than those
 
of the Yendev variety (542 kg/ha).
 

An experiment in sesame crop intensification could be carried in
 
the south Seno zone and the central Seno and plateau zone, areas where

the rainfall is adequate for mineral fertilizer use. The 38-1-7 variety
 

11/ Rounded to 
the lesser tenth.
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should be planted with a spacing of 60 cm by 10 cm, and a density of
 
16,650 hills seeded/ha. A donkey plow would be used for the weeding. One
 
could expect yields of 600 kg/ha for the south Seno zone (16% less than
 
that recorded in Cinzana), 450 kg/ha for the central Seno and the
 
plateau zones (35% less than that recorded in Cinzana), and 300 kg/ha
 
for the north Seno Zone (with half of the fertilizer use because of the
 
risk of drought).
 

6. Improvement of Cropping Methods.
 

a. Introduction.
 

Cropping methods are linked, in part, to the distinctive
 
characteristics of each zone in the Fifth Region (clay to silty-clay
 
soils in the delta, sandy soils in Seno, sand and stony-sand in the
 
plateau) and also to the variation in rainfall between the northern and
 
southern parts of the region (amount of rainfall and the number of rainy
 
days decreases as one moves from south to north). It should also be
 
noted that variations in rainfall from year to year can also impede the
 
standardized use of certain cropping methods.
 

Traditional cropping methods are most notably organic mounding,
 
planting in mounds and weeding by hand. These traditional methods do not
 
require the use of animal traction and are the most widely practiced in
 
the Seno area, the sandy areas of the plateau and the flood recession
 
areas of the delta.
 

Intercropping is practiced throughout the region except in the
 
areas of the delta where rice is grown.
 

The traditional practice of mounding is limited by several
 
constraints. The work is slow and tiring, the use of organic and mineral
 
fertilizer in the mounds is difficult, and the weeding process is hard
 
to mechanize. However, the use of these organic mounds has certain
 
advantages. The farmer can directly seed the previous year mounds and
 
benefit from the first rains. Also, the mounds contain plant matter
 
which serves as organic material. In the Seno zones, this practice also
 
helps to prevent sand accumulation.
 

The methods that have been extended deal primarily with using
 
animal traction for tilling, planting and weeding. Mechanical harvesting
 
is practically nonexistent in the Fifth Region.
 

The advantages of the extended methods lie in the time they save
 
and in the reduction of physical energy needed for farming. They also
 
free up certain individuals to engage in other work or economic
 
activities. To be properly carried out, these methods call for
 
sufficient soil moisture. This requirement inhibits their use for
 
tilling at the beginning of the rainy season in certain parts of the
 
Seno area where, if the planting does not directly follow the first
 
rains, the harvest can be severely compromised.
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Draught animals used in the region are oxen, donkeys, horses and
 
camels. Most Seno farmers use donkeys because they are hardier and
 
easier to maintain than oxen, and also because they are more suitable
 
for the sandy soil in the Seno area.
 

Ridging is also an improved method similar to the traditional
 
practice when it is done during the first weeding. It carries two
 
advantages. First, considerable time is saved over the traditional
 
method and second, sand accumulation is reduced more than through even
 
tilling. For these reasons, ridging is suggested for areas where soil
 
conditions and rainfall are acceptable.
 

b. Objectives.
 

The principal objective of this research subject is to adapt

agricultural equipment to the agricultural, climatic and soil conditions
 
of rainfed cropping systems in order to:
 

- increase labor productivity at peak labor periods (soil preparation 
and first weeding). 

- release labor for other activities. 

c. Purpose.
 

According to a formal survey, the most labor-intensive periods for
 
producers in the Seno plain and plateau areas are the first weeding as
 
cited by 68%, planting for 14% and the harvest for 10%. From those
 
surveyed, 27% use workers outside of their own farm to carry out the
 
first weeding, 14% for the second weeding and 7% for the harvest. Among

those interviewed who have decreased the amount of land they cultivate,
 
70% cite a lack of labor as the cause. Among those who have made no
 
changes in their cropland, 47% say this is because of a lack of labor.
 

According to Cunard (1983), often farmers plant a larger surface
 
area than that which they can realistically expect to weed given their
 
labor resources. Such a practice occurs in order to reduce the risks of
 
crop loss due to climatic and biological uncertainties.
 

On farms using some equipment, a formal survey found that women do
 
less weeding in family fields and cultivate a greater number of
 
individual fields. This means that introducing animal traction into
 
farming operations releases women to work on agricultural activities of
 
which they are the primary managers.
 

Most of the farmers in Seno and the Bandiagara plateau with either
 
an ox or donkey plow weed in ridges (Cunard, 1983; Henry de Frahan and
 
Diarra, 1987). This practice, particular to this zone, requires two
 
trips (up and back) to form the middle ridge between two rows of millet.
 
It is usually on this middle ridge resulting from the first weeding that
 
cowpeas are planted. Although this method requires less weeding time
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than the traditional method, the fact that one must go between the rows
 
twice makes it more time-intensive than if a cultivator were used. A
 
cultivator ("Ciwara" or donkey plow) with weeding rakes could decrease
 
the time needed for the first weeding. Since this equipment is not
 
widely used for weeding in areas growing rairnfed crops, and since it
 
changes local cropping methods, it must be tested. However, using a
 
cultivator demaiids even spacing between planting rows. For this reason,
 
a "corps butteur" used to form the ridges before planting would be
 
advantageous.
 

An initial tillage is also practiced in the Seno and plateau areas.
 
Among those who till their fields, 51% till the soil surface evenly, 33%
 
ridge the soil and 15% perform both methods. Ridging would be more
 
effective than even tilling in combatting wind and water erosion. This
 
would have a positive influence on the vegetative development of crops

(especially protecting seedlings aqainst frequent sand build-up which
 
occurs in Seno). Consequently, any proposal to improve cropping
 
techniques must include hilly seed beds produced either through mounding
 
(traditional system), or through ridging (local mechanized system).
 

According to Shulman (1979), there are multiple advantages in
 
ridging:
 

- Soil preparation is rapid. One hectare can 
passes with a ridger as opposed to 300 with 

be done in ridges in 150 
a plow. 

- Ridges formed with the "corps butteur" are 
conducive to mechanical weeding. 

parallel which is also 

- Ridging is a good technique for incorporati
in the soil. 

ng broadcast fertilizer 

Vallee and Simpara (1980) do not recognize these advantages of
 
ridging. The authors find that weeding in ridges is not recommended for
 
Seno because it produces layering which negatively affects the soil
 
structure. According to A. Toure at the DMA, (personal communication,
 
August 1988), this observation would be true for heavy soils which are
 
not, however, widespread in Seno. In these heavy soils, the middle ridge
 
also promotes water erosion. There are two additional disadvantages to
 
ridging which should be pointed out:
 

- The soil beneath the ridge is not completely worked, inhibiting 

root penetration in finely textured soils.
 

- Ridges which are not contoured or joined can accelerate erosion.
 

The possibility of using tied ridges in the Seno and the Bandiagara
 
plateau areas is very limited due to the sandy nature of the soil.
 
However, this technique could be used in several districts in south Seno
 
(Bayes, for example) where the soil has more clay contcit. Studies
 
carried out at the research center a;id in the field have demonstrated a
 
significant yield increase and economic profit from the use of tied
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ridges for millet crops (FSU Annual Report, 1983). This technique

demands a lot of labor. In fact, manually constructing these tied ridges

using animal traction calls for an average of 40 to 75 man hours/ha

compared to 100 man hours/ha using only manual labor (Ohm. et al.,
 
1985).
 

It must also be noted that low planting density (about 1xi m) is a

local practice designed to account for low soil fertility and grain

lodging. Any proposal to improve cropping methods should not advocate
 
significantly higher planting densities without recommending mineral
 
application.
 

d. Proposals.
 

Zone: Central Seno, the 	Plateau, south Seno.
 

Production system: Agropastoral.
 

Collaborating agencies: 	 SCRCVO/DRA, Direction Regionale de
 
l'Agriculture (Mopti), Division du
 
Machinisme Agricole/Direction du Genie
 
Rural.
 

Materials and methods:
 

The introduction of a "corps butteur" attached to the cultivator
 
for use in ridging before planting should:
 

- decrease time required for soil preparation, 

- allow more even spacing between planted rows of millet, in order to
 
facilitate mechanized crop maintenance.
 

Furthermore, using a cultivator for weeding should decrease the
 
time needed to carry out the first weeding.
 

The choice of equipment and of cropping method must take soil 
type

and rainfall into account (Cunard, 1982). For this reason, the tests are
 
recommended according to agronomic, soil 
and climate conditions.
 

(1) For the south Seno zone (450 to 600 mm of
 
rainfall, sandy-clay soils).
 

For millet crops, the Ciwara cultivator (using draft oxen) will be
 
tested with the "corps butteur" to ridge the soil before planting, as
 
soon as the rains begin. The same equipment, with weeding rakes, will be
 
used to do the first weeding. Since the equipment mount is 60 cm wide,

the spacing between millet rows should be at least 70 cm to facilitate
 
weeding. Using a spacing 	of 70 cm x 100 cm 
instead of the local practice

of 100 cm x 100 cm, the density will be increased by 40%. This equipment

will be compared to the oxen-drawn TM SMECMA plow already in use for the
 
same practices in the area. For this test, TRP will a rate of
be used at 
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300 kg/ha to compensate for the exportation of minerals resulting from
 
working the soil to produce higher yields. In fact, there is 
a risk of
 
extending tilling or ridging methods without minimally restoring mineral
 
elements and organic matter to the soil (Vallee and Simpara, 1980). 
TRP
 
will be recommended only for improved seed packs, whereas both improved

and control seed will be treated with fungicide.
 

(2) For the central Seno and Plateau zone (400
 
to 450 mm of rainfall and silty-sand soil).
 

The SMECMA donkey plow will be equipped with a "corps butteur" to
 
ridge millet fields prior to planting at the beginning of the rains, if
 
it is possible to for a donkey to draw the "corps butteur". This same
 
equipment, modified with a weeding rake, will be used for the first
 
weeding. Like the Ciwara plow, the equipment mount is 60 cm wide.
 
Consequently, the current spacing practices in this part of the plain

(approximately 1 m x 1 m) must be decreased moderately. In 
a cross­
comparison of the same tasks, the donkey plow, equipped with the "corps

butteur" and the weeding rake, will be compared to the TM plow or to
 
another plow which is lighter than the TOM plow (currently used in the
 
area).
 

(3) Current testing of equipment.
 

(a) "La houe hollandaise" (introduced
 
into the Office du Niger with the
 
ARPON project).
 

This lighter piece of equipment is designed for donkey traction. It
 
could be used in Seno with the following modifications (S.Traore,
 
1988):
 

extends to 80 cm, and is closer to the spacing found in Seno (Imx I m).
 

- move the scraping and weeding teeth forward, 

- adapt the handle for adults, 

- modify it to ease transportation, 

- anticipate the addition of the "corps butteur". 

The advantage of this equipment is its sliding equipment mount that 

(b) The lighter DMA cultivator.
 

Ciwara equipment is 10 kg lighter, thus allowing for the weakened
 
state of draft oxen at the beginning of the rainy season. The equipment
 
mount can be lengthened from 60 cm to 1 m.
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(c) Donkey traction cultivator with a
 
wooden frame.
 

This well-priced cultivator (17,000 F CFA) is in prototype stage at
 
the agronomic research center in Cinzana and at 
the DMA experimental

station. It has the advantage of possibly being produced locally by

village blacksmiths without the use of sophisticated imported materials.
 
The current prototype lacks stability and resistance to local use
 
conditions. The maximum work area covered by this cultivator is 60 cm.
 
The hourly work capacity with the equipment is estimated at 10 ares. The
 
amount of traction force exerted on sandy soil to achieve a soil depth

of 5 cm is less than 40 kgf (Awadhwal, 1988).
 

(d) Other possible tests to study such as
 
dry cross-scraping or soil prepara­
tion with pick-mattocks (Vallee and
 
Simpara, 1980).
 

This technique has the advantage of allowing planting with the
 
first rains, as opposed to tilling or ridging which cannot be carried
 
out until the arrival of the first rains.
 

7. Integration of Agriculture and Animal Husbandry.
 

a. Introduction.
 

In the Delta zone and in the Seno plain, most agropastoralists have
 
lost their draft oxen to droughts over the last ten years. This loss
 
inhibits the 
use of equipment for such timely cropping operations such
 
as tillage and weeding.
 

Increasing labor productivity demands mechanized cropping

operations. One man can work approximately 0.8 to 1.2 ha of land with 
a
 
hand hoe. Using a pair of oxen, he can work 2 to 3 ha, and with a
 
tractor, 15 to 25 ha (Kessler and Ohler, 1983, p 46). However, the 
use
 
of animal traction calls for increased availability of agricultural

inputs. Draft cattle need sufficient grazing land (6-15 ha per UBT) or
 
else they must receive supplements from agricultural products and by­
products to maintain their health (Kessler and Ohler, 1983, p 46).
 

Another important benefit derived from the integration of
 
agriculture-animal breeding is improved yields through working the soil
 
(improved water infiltration and seedbeds) and using organic fertilizer.
 

A more advanced step in the integration process is increasing

animal productions (milk-meat). One observes that draft oxen become
 
sources of labor. fertilizer, and enhanced value for agricultural by­
products and animal productions.
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Small ruminant breeding is a means of survival for farms and plays
 
a diverse role in their operation (remuneration for other work, taxes,
 
different financial needs, etc.). Paradoxically, small ruminant breeding
 
receives no particular attention from farmers except in the case of
 
castrated sheep used for fattening.
 

b. Objectives.
 

The objectives are the following:
 

-
 to maintain draft animals for use with farmers' equipment in order
 
to improve labor productivity, and to produce manure in order to
 
maintain and improve soil fertility with the goal of increasing
 
agricultural production.
 

- to develop small animal breeding in order to increase farmers'
 
income, allowing them to better meet financial obligations (such as
 
taxes and similar fees, etc.) and social demands.
 

c. Purpose.
 

(1) Improvement in Equipment Use and Pricing.
 

Due to the progressive degradation of grazing lands around villages
 
and the insufficient supply of agricultural by-products, some farmers in
 
the central Seno area and the Bandiagara plateau send their draft oxen
 
out for seasonal grazing. In fact, according to the formal survey, from
 
a sample of 20 farms in the central Seno and Bandiagara plateau areas
 
with draft oxen, 11 farms, or 55% of the farms in this category, sent
 
their draft oxen out to graze. The proportion of farms sending their
 
draft oxen out to graze is 44% in the Seno plain and the Bandiagara
 
plateau.
 

In the course of the seasonal grazing period, draft oxen as well as
 
other types of animals, are susceptible to the risks of disease, theft
 
and attacks by wild animals. Frequently, the animals do not return from
 
grazing by the optimal date for soil preparation. In the Delta zone,
 
tillage at the beginning of the cycle loosens the soil so it can receive
 
the beneficial effects of the first rains. Tillage at the end of the
 
cycle is important for weeding rice fields. However, oxen weakened from
 
receiving insufficient feed during the dry season represent a major
 
constraint to beginning- and end-of-cycle tillage of rice fields in the
 
Delta. In the Seno, weakened draft oxen lower labor productivity,
 
especially in the north and central Seno zones.
 

Underequipped farmers also hinder improvement of labor
 
productivity. Table 4.8 shows the percenta9e of farmers with equipment
 
by type of equipment in the zones serviced by the Operation Riz Mopti.
 
In this table, one notices that the average percentage of farmers having

equipment and draft oxen over a period of 11 agricultural seasons (1975­
1976 to 1985-1986) has remained almost unchanged (41%). An analysis by
 
season permits the observation of a reduction in the percentage of
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TABLE 4.8 : PERCENTAGE OF FARMERS WITH EQUIPMENT BY TYPE OF EQUIPMENT IN THE ZONE SERVICED BY THE ORM.
 

........................------------------------------------------------------------------------------------------------

Equipment ' 1975-76 ' 1976-77 ' 1977-78 i 1978-79 
' 1979-80 ' 1980-81 ' 1981-82 ' 1982-83 ' 1983-84 ' 1984-85 1 1985-861 
Draft 42 45'
4-1-------4-1-------4-1-----4.5 43' 40.5' 41 38'---------------------------------------------- 42.5' 47' 42.5!Ii-------4-1-------3-1-----4.5 44' 30.41-------4-1----425------
oxe, ------ I 

i 

III I I I I I I I I 

i 

I 
Prow 41 41 40 
 40 43 37 40.5 42 41 42 40 

Harrow 6 6 5 4.1 7 6 5.4 6.2 7.4 6.6 6.7 

Frame 4 7 6 5 
 10 11 12.6 14 14.1 13 15
 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I
 

Source : ORM AnnuaL Reports, Monti. 



----------------------------------------- 

120
 

farmers owning draft oxen during the 1980-1981 (38%) and 1985-1986 (30%)
 
seasons. As for plow owners, one can see a reduction in owners during
 
the 1980-1981 season (37%) compared to the average percentage during
 
other seasons which was nevertheless only 41%. From the table one can
 
also observe that there is a low percentage of farmers owning harrows
 
and carts (frame). The average percentage of owners for the period from
 
1975-1976 to 1985-1986 was 6% for harrow owners; and for cart owners;
 
100o.
 

(2)Soil fertility improvement.
 

Seno soils are poor in organic material. The amount of organic
 
material in Seno is about 0.9% (Vallee and Simpara, 1980). In addition,
 
farmers in Seno seldom return residue from the harvest to the soil as a
 
source of organic fertilizer. These residues are primarily used by
 
farmers as fuel for cooking, construction material, and feed for
 
animals. Manure from draft oxen is a source of organic fertilizer.
 
Shulman (1979, p. 12) reports that by leaving two draft oxen in a pen
 
overnight, one can collect 5 to 6 tons of manure in a year. A layer of
 
bedding placed with the animals absorbs urine and increases the amount
 
of compost. Shulman (1979) reports that, empirically, one ton of manure
 
(water content of 50-70%) is equal to 50 kg of 10-5-10 fertilizer
 
corresponding to 12.5 kg of fertilizer elements (N-P-K) and at least 3
 
kg of Ca-Mg nutritive substance. The Memento de l'Agronome (1980, p.
 
123) states that one ton of manure furnishes 100kg of humus, 5 kg of N,
 
3 kg of P205 and of K20. Restoring fertilizer elements to the soil
 
increases crop yields. Shulman (1979, p. 13) reports that a seven-year
 
experiment (1963-1969) in M'Pessoba, Mali that incorporated fertilizer
 
at the beginning of a cotton. sorghum, groundnut and fallow rotation
 
produced the yield increases reported in Table 4.9.
 

TABLE 4.9 : AVERAGE YIELDS OBTAINED IN M'PESSOBA (1963-1969).
 

-------.---..................-----------------------------------------------------------­

m 	 Fallow after slash and burn 
 I 

Iwithout manure 15 tons/ha 	 15t/ha of manure 15t/ha of manure 
Crop 	 I + complete annual + 50kg of rock
 

I 'without fertilizer Imanure only 	 fertilization with phosphate

chemicaL ,+ 1 localized
 

fertilizers 'annual application 

'of N and K chemicat 
I fertilizer 

-- I 
1Cotton 1 568 1 1270 ' 168 1725 

-I1 
'Sorghum 487 973- 1525 1979
 
1--------------------------'-----------.....
 
'Groundnut - 919 - 1128 - 1613 1770
 
..........................................................................................
 

Source : Shulman, 1979, p 13.
 



-----------------------------------------------------------

--------- --------- --------- --------- --------- --------

--------- --------- --------

--------- --------- --------

121
 

(3) Estimate of food requirements and grazing
 
area for one pair of oxen in non-flood and
 
Nlod zones.
 

Integrating agriculture and livestock to improve equipment rates
 
and soil fertility is only possible if the food needs for draft animals,

here in the case of one pair of oxen, can be supplied. The provision of
 
these needs is analyzed below. It is shown that supplying these needs is
 
easier in flood zones than in non-flood zones due to the development of
 
bourgou areas.
 

(a) Estimate of nutrients in agricultural
 
production.
 

Harvest by-products are food sources for fat and carbohydrates.

Kessler and Ohler (1983, p. 32) give the quantities of nutrients in kg

found in 100 kg of these products derived from several crops grown in
 
West Africa, namely millet, sorghum and groundnuts. These quantities are
 
given in Table 4.10.
 

TABLE 4.10 	 Quantities of nutrients in kg for 100 kg of products
 
derived from several crops from West Africa.
 

Crop Products N 


stalk 5 - 9 
Millet and 

foliage 7 - 10 
--------- ------------------

stalk 
Sorghum and 3 - 6 

foliage 
--------- ------------------

shell 5 - 11 
Groundnuts and
 

hay 8 - 20 


P K S
 

0.2 - 0.4 8 - 27 0.6 - 3 

0.4 - 0.9 8 - 25 0.8 - 4 

0.4 - 1.3 6 -	24 1 

0.3 - 1.1 5 15 0.7 - 1.7 

1.1 - 3.1 10 25 1.7 - 2 
................--------------------------------------------


Source Excerpted and adapted from Table 11, p. 32,Kessler and
 
Ohler (1983).
 

Shulman (1979, p. 56) reports that 

can be supplied by:
 

1.8 kg of hay from legumes,
 
3.5 kg of straw or fodder,
 
2.5 kg of hay from grasses,
 
1.5 kg of millet or sorghum bran,
 
2.3 kg of rice 	bran.
 

one unit of fodder plants (UF)
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In the Delta, bourgou areas contribute considerably to animal feed
 
during the dry season. In fact, 1.5 kg of bourgou can provide one UF
 
(Keita, assistant director at ODEM, personal communication, October
 
1988).
 

(b) Estimate of food requirements for one
 
pair of oxen.
 

Shulman (1979, p. 56) reports that an ox weighing 250 to 350 kg
 
needs 2.5 to 3 UF/day for maintenance and 0.5 UF for growth. On the
 
average, 3 UF/day are necessary for maintenance and 0.5 for growth, for
 
a total of 3.5 UF. According to Shulman (1979), as soon as the oxen are
 
working, the intake for maintenance should be increased from 50% to
 
100%. The full intake increases to 5 or 6.5 UF, or an average of 6
 
UF/day for maintenance, growth and labor productivity.
 

(c) Estimate of land area needed to feed
 
one pair of oxen.
 

The land area needed to feed one pair of oxen can bc estimated
 
according to farm location, whether non-flood or flood zone. In non­
flood zones the fodder source is primarily harvest residues. We will
 
look at the case of cowpea hay, a complementary product derived from
 
cowpea grain monoculture. According to SAFGRAD (1987), one hectare of
 
cowpea grain produces 400 kg of dry hay, in addition to grain. During

the dry season a pair of oxen requires 7 UF for maintenance and growth

(Shulman, 1979). We restrict this requirement to four months of the dry
 
season (March to June) because during the first months of the dry season
 
(October to January), oxen can graze on fallow lands and fields. During

the rainy season (from July to September), we reduce the requirements

for a pair of oxen to that which is necessary for work (5 UF/day), and
 
the requirements for maintenance and growth are satisfied through
 
grazing near the farm.
 

The fodder source in flood zones is alleged to be primarily

bourgou. In these zones, one hectare of bourgou area can produce 17 tons
 
(moderate bourgou) to 25 tons (heavy bourgou) of dry matter (Keita,

assistant director at ODEM, personal communication, October 1988).

During the dry season, also limited to the months March to June, a daily

intake of 7 UF is necessary for the maintenance and growth of a pair of
 
oxen. During the rainy season (from July to September), it is difficult
 
for farms in flood zones to find abundant fodder. Therefore, it is
 
necessary during this period to count on a full daily intake of 12 UF
 
for maintenance, growth and work for one pair of draft oxen. Fodder and
 
land area requirements for a pair of draft oxen in both flood and 
non­
flood zones are estimated in Table 4.11 below.
 

Land area requirements for grain legumes is 5.8 ha. This important

requirement could be decreased considering that food needs can also be
 
supplied through other sources of vegetation (straw, forage, hay and
 
bran). However, fulfilling the food requirements of draft oxen will
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always be problematic since agricultural by-products are employed for
 
uses other than livestock feed.
 

On the other hand, in flood zones, meeting the feed requirements of
 
one pair of oxen seems easier with only 0.15 ha of bourgou area. Bourgou

culture is, therefore, an activity to be encouraged. Diakite and Keita
 
(1988) estimated the costs of regenerating a bourgou area at 11,500 to
 
13,000 F CFA. The regeneration period of such an investment depends on
 
successive flood levels. If several successive years experience

insufficient flood levels (drying out occurs) or overflooding (drowning

occurs), the investment is lost.
 

TABLE 4.11 : 	Estimate of food requirements and land
 
areas for one pair of oxen in non-flood
 
and in flood zones in the Fifth Region of
 
Mali.
 

Zone 	 Non-flood Flood
 

Daily intake (UF):
 
Dry season 7 7
 
Rainy season 5 12
 

Food requirements (UF):
 
Dry season (4months) 840 840
 
Rainy season (3months) 450 1080
 

TOTAL 
 1290 1920
 

Composition (UF/Kg dry matter):
 
Hay .56 

Bourgou 

­
- .67
 

Food requirements (Kg dry matter):
 
Hay 2304 -

Bourgou ­ 2866
 

Yield (Kg dry matter/ha):
 
Cowpea hay 400 
 -

Bourgou - 20000
 

Land area (ha):
 
Cowpea 5.8 

Bourgou area -

­

.15
 

....................-----------------------------------------

Source: According to estimates by the authors.
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According to Diakite and Keita (1988), bourgou regeneration is
 
well-accepted among the population and administrative officials. In
 
addition, this plant's biology facilitates and favors large-scale
 
planting or progressive planting in fields. Since 1981, 3,411 ha have
 
been regenerated in bourgou, 2133 of which (63%) are in the Mopti
 
circle. Expanding this regeneration is limited, however, by the legal
 
and land tenure situation and the overall institutional level
 
(political, administrative and technical).
 

For grazing lands undergoing land title litigation, bourgou
 
culture is sometimes an easy solution to a problem. This protected and
 
regenerated area is guaranteed not to be subject to litigation for the
 
pastoralist (Diakite and Keita, 1988).
 

(4) Improving agropastoral incomes.
 

It would be interesting to proceed with a study of transactions
 
concerning small ruminants and grains in order to decide on the manner
 
in which these two transactions could be integrated so that farmers
 
could maximize their incomes. In fact, small ruminants represent a
 
financial source for buying grain during the hungry season. According to
 
the results of a formal survey in Seno and the Bandiagara plateau, 75%
 
of the farmers interviewed who raise small ruminants sell them later.
 
The price of small ruminants is beneficial to producers during the
 
hungry season. In fact, according to the list of monthly prices for
 
differeavt types of sheep in the Fatoma market in "Refuge in the Sahel"
 
(Ministere des Ressources Naturelles et de l'Elevage, 1987, p. 28-29),
 
the prices for small ruminants seems to be higher during the months July
 
to August. For the years in which this was observed (1982-1987), price
 
increases corresponded to the holiday periods of Ramadam and Tabaski.
 
The lowest price level, on the other hand, corresponded to the period
 
when cattle herds return from season grazing, from October to December
 
(Diakite and Keita, 1988). Moreover, to meet pressing financial demands
 
such as taxes and other fees, most farmers sell their grain immediately
 
after harvest. At this time, the supply of grain on the market is
 
greater than the demand, causing a decrease in grain prices. This is the
 
over-marketing period. Several months after the harvest, farmers buy the
 
grain back at a higher price. Henry de Frahan and Diarra (1987) report
 
price increases of 50 to 100% between the post-harvest and the hungry
 
periods. According to results from a formal survey in Seno, 67% of the
 
farmers interviewed sell their millet and 92% buy millet. The sale and
 
purchase of millet are the most important financial transactions
 
compared to other agricultural product transactions.
 

d. Proposals.
 

Zone: 	 the active and inactive Delta (north, central, south and
 
west), Seno (north, central and south) and the Bandiagara
 
plateau
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Production system: Agropastoral
 

Collaborating agencies: 	 SRCVO/DRA, INRZFH, ODEM, ORM, Direction
 
Regionale de l'Agriculture (Mopti).
 

Proposals:
 

The integration of agriculture and livestock provides mutual
 
advantages: agricultural by-products on the one hand, and manure and
 
traction power on the other. Increased availability of feed from forage
 
crops and/or good quality by-products, can favor the development of milk
 
and meat production, a more advanced stage of agriculture and livestock
 
integration.
 

The subject of agriculture-livestock integration should be pursued,

taking into account the proposals made regarding draft oxen and
 
agricultural equipment in the following subjects: Study of cropping
 
systems in the Oalta; Identification of market, input and credit
 
constraints.
 

The following subjects are proposed to 1) improve the feed and
 
health of draft oxen and small ruminants, 2) increase manure production

and 3) increase the level of equipment.
 

(1)Study the management of draft oxen and small
 
ruminants with the goal of identifying feed, watering, and health
 
problems.
 

(2)Test and evaluation of forage production.
 

(a)Millet and cowpeas will be planted in
 
fallow areas or in tilled fields. Millet and cowpeas will be sown by

broadcasting or in moderately close hills. Cowpeas will ideally be
 
planted after the millet isweeded for the second time. Millet and
 
cowpeas will be cut together when the millet reaches a height of
 
approximately 60 to 70 cm.
 

(b) Forage cowpeas (for example, a creeping

variety like Niban) will planted in a tilled field. Weeding and plant

protection measures are not necessary with forage cowpeas.
 

(c)Labor productivity and weight gain among

draft oxen subject to supplementary feed and appropriate health measures
 
will be evaluated. An evaluation of snall ruminants subject to
 
appropriate health conditions will also be carried out.
 

(d) Estimation of the quantity of manure
 
produced by oxen in improved pens. Installation of compost using TRP in
 
places where there is sufficient water. Estimation of the effect of
 
organic fertilizer on crop yields.
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(e) Study of the acquisition and sale (disinvestment) of draft
 
animals in order to identify constraints and propose solutions to lift
 
these constraints.
 

8. 	 Study Of Cropping Systems InThe Delta: Constraints (if The
 
Agricultural Calendar.
 

a. Introduction.
 

According to the results of a formal 
survey, most farmers in the
 
Delta zones grow several crops or practice different cropping systems.

One can differentiate between two situations according to agroclimatic
 
zones:
 

(1) In the central and south Delta, farmers serviced by the
 
Operation Riz Mopti (ORM) grow Oryza sativa rice varieties by controlled
 
flooding in rice polders, and also outside the polders. Local rice
 
varieties or Oryza qlaberrima varieties are grown by natural flooding.

In addition to rice grown by controlled and natural flooding, rainfed
 
crops such as millet, sorghum, cowpeas, groundnuts, etc., are also grown

in non-flood areas of the Delta. One must also include rice grown on
 
small irrigated village perimeters (PPIV). In fact, the installation of
 
these irrigated perimeters in some villages (20 to 30 ha each) through a
 
river-based pumping system, constitut.es a policy adopted and proposed by

the ORM to help farmers to bridge disruptions in rainfall and water
 
levels.
 

The diversification of cropping systems is used as a means of
 
survival since it allows the initiators to minimize the risk of total
 
agricultural production loss. The current centrist policy assumed by the
 
ORM is 
a reaction to the current climatic crisis. In fact, according to
 
Togola (ORM Director, personnel communication, August 1988), the said
 
ORM policy focuses primarily on ORM control of the entire Delta flood
 
zone 
(managed and unmanaged zones). Through this centrist movement, the
 
ORM consequently adds the development of cultivation for Oryza

glaberrima rice varieties to 
its previous actions in unmanaged zones. As
 
for the managed zones in the Delta judged to be unsuitable for rice
 
culture, they will be used for the development of better-suited and more
 
beneficial activities for farmers. In this area, the ORM has already

begun to progressively reduce managed lands from 40,000 ha to 20,000 ha
 
for the Mopti, Djenne and Tenenkou zones.
 

As for the small irrigated village perimeters, negotiations between
 
the ORM, the African Development (ADB) and the World Bank (WB) resulted
 
in funding for a 700 ha extension. One must also mention the PPIV
 
funding by the European Development Fund (EDF) aimed at local
 
development groups.
 

(2) In the north Niger delta, farmers grow sorghum, cassava,
 
potatoes, cowpeas, sorrel, tomatoes, eggplant and onions as 
flood
 
recession crops around ponds and lakes. Some farmers also grow rice on
 
the bottom of these bodies of water. Before climatic and rainfall
 

http:constitut.es
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disturbances, rice was generally grown alongside the water. In addition
 
to flood recession crops, these farmers increasingly grow millet on the
 
sandy non-flood plains. Poor rainfall conditions are the reason for
 
extending millet culture to some ponds also. This is why farmers in the
 
north Delta region practice two cropping systems that lead,
 
nevertheless, to available labor organization and allocation problems in
 
carrying out cropping operations.
 

b. Objective.
 

The primary objective of this research subject is to coordinate
 
cropping operations for the different cropping systems; rice culture by

controlled and natural flooding, rainfed agriculture in non-flood areas,

irrigated rice culture in the PPIV and flood recession agriculture.
 

c. Purpose.
 

According to an informal survey, farmers in the Delta, due to
 
diversity in cropping systems, are not able to optimally carry out some
 
cropping operations, especially tillage, planting, weeding and
 
harvesting. The optimal execution of cropping operations is limited by

several problems at the farm level. One can cite the following
 
constraints:
 

- lack of equipment on some farms, 

- insufficient farm equipment and draft oxen, 

- weak draft oxen, 

- water deficit which makes the soil hard, 

- overflooding in some polders preventing use of a seeder, 

- insufficient labor within the family and problems organizing this 
labor in the space and time of the different cropping operations, 

- distance of some rice growers from their fields (10 to 60 km). 

According to farmers, when rainfall conditions are satisfactory, 
tillage of rice fields at the end of the cycle is the first cropping

operation carried out. This tillage is followed by the re-opening

tillage before the first rains. After re-opening tillage and rice
 
planting, farmers turn to their millet fields. With climatic and
 
rainfall disturbances, work in the rice fields now coincides with work
 
in millet fields. Table 4.12 provides the cropping calendars for several
 
crops in the Delta.
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TABLE 4.12: Agricultural calendar for the different crops grown in the zones of the Delta.
 
I------------------------------------------------------------------


II I I
I I I I I I I I|
 

Cropping operations I j F I M A M J i A Si o N 
---------------------------------------------------------------------------------------------------------------------- I 
1. Controtled-fLood agriculturo I I I I I
 

ITitlage at end of cycle I XXXXXXXXXXXXXXXXXXXXXXXXXX
 
Tillage, weeding and planting I I I I I I
 
Weeding and fertilizing I I I ,.I

Scything I ~ I I I I I I I 
Harvest and threshing I I I I I 

-- -- - - -- - - - -- - - - -I- - -- - - - - - -I -- - -I -- - -I -- - -I -- - - -- I-- i
 
2. Rainfed aricuLture I I i i i i 

Titlage and planting I I I I
 
IFirst weeding 
 I
 
Second weeding I I I . - . I

Harvest and threshingI
.. .. . ... . .. . . . . . . I i I '""___""__"____
I 


3. irrigated agriculture (PPIV) 
 I I I I I
 
Seedbed establishment 
 i xxx I I XXXXXX I I 
Transplanting I I I I 
:Fertilizing and weeding I..........I I I I
 
Maintenance ........
... .
 

Harvest and threshing I I I I i 
 -I. .I. . . . . . I I I I m 
Source: Informal survey, 1988. IER-USAID-MSU project.
 

One can see from the table that planting and maintenance periods
 
coincide for rainfed agriculture and controlled-flood rice culture. In
 
order to resolve this timing problem, farmers broadcast rice to gain

time for weeding millet crops which demands a lot of time and labor.
 
When the labor margin becomes too narrow, some farmers leave rice
 
culture for rainfed agricultlire, which according to them, is less risky.

The most common solution is to resort to wage labor (nonet less, an
 
expensive solution). Farmers working the Koubi rice polder (Tenenkou
 
zone) cite the following remuneration rates for wage labor:
 

-
 tillage: 7,500, 10,000 to 15,000 F CFA/ha, including lunch,
 

- weeding: 500 to 750 F CFA/day, including lunch,
 

- harvest: 500 to 750 F CFA/day, including lunch or one tenth of the 
employer's harvest. 

Wage labor is generally found in rainfed cropping areas like the
 
Bandiagara plateau. However, in some villages in the Delta, youth groups
 
work either for money or payment in kind (bales of rice for example). It
 
should be pointed out, nonetheless, that youth labor is becoming rarer
 
due to migration.
 

I/ The amounts offered daily in the Mopti zcne correspond to
 
maximum amounts offered at Koubi.
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The existence of small irrigated villar- perimeters (PPIV) has
 
aggravated the labor allocation problem, esp .'ally for farmers who want
 
to grow both rainfed crops and controlled-fJod and irrigated rice
 
crops. For example, in Table 4.12, pressing cropping operations like
 
weeding and fertilizing rice fields (controlled-flood and irrigated

areas) are jobs competing with the second weeding in rainfed crops. In
 
controlled-flood rice culture, harvesting, threshing and end-of-cycle

tillage coincide with seedbed establishment, transplanting, weeding and
 
fertilizing work in small irrigated perimeteis. In addition, if farmers
 
do not take time to look for rice seed, they lose time weeding because
 
they must separate the wild rice from the desired variety. Also, rice
 
harvesting and threshing conflicts with millet harvesting and threshing.

Even though the agricultural calendar for flood-plain rice culture is
 
not represented in Table 4.12, one presumes that the cropping operations

involved also conflict with those of other cropping systems in the
 
Delta.
 

Labor problems involving conflicting crop operations compound

farmers' problems of no or insufficient equipment. In fact, in the Delta
 
zone, most agropastoralists lost their draft oxen to droughts over the
 
last ten years. This loss of draft oxen impedes the use of equipment in
 
carrying out timely cropping operations like weeding, tillage, etc.
 

As for seeders, village interviews revealed that their use is
 
hindered not only by flooding in some polders but also by the fear that
 
some oxen demonstrated upon seeing the red colored seeder. Therefore,
 
seed is broadcast to save time. Broadcasting, however, wastes seed. When
 
sowing with a seeder, the ORM recommends using 60 to 80 kg/ha instead of
 
broadcasting 100 kg/ha. In addition, broadcasting seed makes it
 
difficult to weed by plow or mechanical weeder.
 

Problems of insufficient equipment are accompanied by the fact that
 
some equipment is not multiple-purpose and adaptable for use in
 
different cropping operations. For example, the Bajac B2 plow (73 kg) 
or
 
the B4 (58 kg) iswell-adapted to the silty-clay soils needed for rice
 
culture while the Bajac TM plow is better adapted to millet culture in
 
sandy soils. Farmers who grow rice in ORM polders and cereals in non­
flood areas need to have both the Bajac B2 plow or the B4 (heavy) and
 
the Bajac TM plow (light) for easier and proper tillage. Owning both of
 
these plows is not financially feasible for most farmers.
 

d. Proposals.
 

Zones-: North, central and south Delta
 

Production system: Agropastoral
 

Collaborating agencies: ORM and DMA.
 

Proposals:
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In an uncertain climatic and hydrological context, farmers, because
 
of insecurity, prefer to increase the number crops planted instead of
 
improving their other endeavors. Diversification of cropping systems
 
poses organizational problems for farmers in carrying out these
 
operations in the proper order. In order to release bottlenecks in the
 
cropping calendars, principally during planting, weeding and harvesting,

farmers often employ last-resort strategies. These farmer strategies are
 
the following:
 

- broadcast seeding rice fields, 

- resorting to labor outside the farm or to youth groups, 

- abandoning some crops to undertake other crops having greater
 
chances of success,
 

- spreading out cropping operations, especially maintenance and
 
harvesting, by choosing varieties according to their cycles (early

and late rice and millet varieties).
 

Thus, seeking equilibrium among cropping systems and the amount of
 
labor these systems require is a necessity for farms. The primary

constraint to finding this equilibrium is the risk-adverse strategy

adopted by farmers. In this context, research on the most effective
 
technical procedures should be based on the diversity of cropping

systems. For example, sufficient conditioning of draft oxen should
 
assure that cropping operations such as end-of-cycle tillage and re­
opening tillage are carried out in a timely manner. The DRSPR's
 
contribution in resolving these agricultural scheduling conflicts in the
 
Delta can be suggested as the following:
 

1) Diagnostic study of cropping systems practiced together on
 
farms in the Delta, and even more so, a study of constraints in the
 
agricultural calendar.
 

2) Study of the supply and use of farm equipment, draft oxen
 
and credit on farms in the Delta.
 

3) Study of draft oxen conditioning on farms in the Delta.
 

Aside from the DRSPR's contribution, the ORM should try to remove
 
farm level constraints regarding the use of some equipment such as
 
seeders. The ORM and the DRSPR, working with the DMA, can 
plan to test
 
farm equipment that could be used with different types of soils and
 
diffeent cropping operations (the Ciwara cultivator which weighs 30 to
 
40 kg, for example).
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9. Study Of Cropping Systems In Village Irrigation Areas.
 

a. Introduction.
 

Controlled-flood rice culture is heavily dependent on rainfall and
 
water levels. For the past ten years, rainfall and the water levels have
 
become uncertain factors in the ORM zone. According to Table 2.11 in
 
Chapter II, the flood levels were poor in 1983, 1984, 1986 and 1987. The
 
amount of land harvested from 1978-79 to 1985-86 was among 0 to 66% of
 
the area under cultivation. The lowest figures were recorded for the
 
1983-84 (12%) and 1984-85 (0%) seasons during which the Bani's highest
 
water levels at Mopti were 502 cm and 440 cm, respectively. Since 1981,
 
for example, the Sofara rice polder has been absolutely barren, except

during the 1985-86 season when approximately 3 to 5% of the land area
 
was harvested. Multiple consequences have arisen such as insufficient
 
food for the population and a massive migration out of the area. To
 
confront this crisis, ORM administrators and local development committee
 
leaders have stimulated investment in construction and supervision of
 
small village irrigation areas (PPIV) an average area of 20 to 30 ha.
 

Irrigated rice culture in these small perimeters is a new
 
production system in the ORM zone. This system calls for a lot of
 
stringency on the part of the ORM and the farmers who do not have
 
extensive experience with the subject. Problems observed at the PPIV can
 
be summarized as follows:
 

- lack of recorded data concerning the motor-pump operation (for 
example, no data on the volume of water supplied and fuel 
consumption, etc.), 

- excessive use of water by the farmers, 

- poor maintenance of irrigation canals, 

- inadequate leveling of rice fields, 

- poor planning of activities such as seedbed establishment, 
transplanting, weeding and fertilizer application, 

- no topographic or soil studies to direct the irrigation method and 
crop composition of some PPIV. 

In spite of these problems, paddy rice yields of approximately 5 to
 
6 tons/ha were recorded in several fields in the perimeters. Such yields

demonstrate that production potential in the PPIV exists.
 

b. Objectives.
 

The ultimate objective of research proposals concerning the PPIV is
 
to contribute to an increase in productivity of the resources used in
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the production process, in order to improve rice yields or cropping
 
systems that are better adapted to the present irrigation method.
 

c. Purpose.
 

The ORM hopes to extend the PPIV program, expanding from the
 
current 140 ha to 840 ha, through World Bank a29 Fonds d'Aide et de
 
Cooperation funding. Furthermore, under the VI E.D.F., construction of
 
15 sites on 500 ha is planned for the Mopti and Youwarou circles in
 
coordination with local development committees.
 

For some of the perimetars already constructed, it is necessary to
 
find crops and irrigation methods that are well-adapted to the area's
 
topographic and soil characteristics. At Tongorongo's PPIV, for example,

the soil's permeability and slope are not conducive to irrigated rice
 
culture.
 

The ORM recommends the upright rice variety IR 15-29 and IR 15-61
 
for transplanting in the PPIV. It is also possible that there are other
 
more productive upright varieties that should be tested in the PPIV.
 

Another alternative to be studied is the introduction of other
 
crops into the system during the colder dry season. The intensification
 
or introduction of another crop can be justified by farmers who lament
 
the insufficient field area allocated by the family.
 

In order to improve management of the PPIV it would be equally as
 
interesting to study the impact of the population's social organization
 
on PPIV management.
 

Irrigated rice culture on these small village areas is a new
 
irrigation method that calls for a lot stringency on the part of the ORM
 
and the participating farmers. One encounters scheduling problems for
 
cropping operations and resource management problems. These problems
 
should be studied in depth in order to identify actual constraints and
 
to propose solutions.
 

d. Proposals.
 

Zones: North, central and south Delta.
 

Production system: Agropastoral.
 

Collaborating agencies: SRVCO/DRA and ORM.
 

Proposals:
 

Study of the availability and use of factors of production (labor,
 
land, capital and management) and their productivity. Identification of
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constraints linked to the accomplishment of different farm activities
 
and proposal of solutions.
 

Study of crop and variety selections as a function of the system,

soil type and season, with consideration of market outlets for harvest
 
products. This can be accomplished in the following manner:
 

1) Tests of upright rice varieties which demonstrate their
 
productivity, resistance to boring insects and disease and their
 
adaptability to area climatic conditions.
 

2) Study of and program on crop diversification, including the
 
addition of market-gardening between the hot dry season and the rainy
 
season. This includes market-garden crops like sweet potatoes and
 
potatoes and other crops such as maize and cowpeas.
 

3) Study of outlets for those crops which are introduced and
 
suggested.
 

4) Study of fertilizer tests (for example, combining TRP and
 
organic fertilizer).
 

10. 	 Evaluation Of Rice-sorghum Intercropping InAreas At Risk For
 
Rice Cultivation In The Delta.
 

a. Introduction.
 

Since 1968, throughout the entire Sahelian region, one notices a
 
significant climatic aridity, punctuated by particularly dry years

(1972-1973 and 1983-1984) and also by poorly scattered rainfall during
 
the rainy season.
 

The origin of these climatic disturbances is still not really

known. In the interior Niger Delta and the Fifth Region, climatic
 
alterations are seen in reduced rainfall and lower water levels in the
 
Niger.
 

In Mopti, annual rainfall which previously averaged 546 mm from
 
1929 	to 1969, has dropped to 390 mm in 1972, 326 mm in 1973, 318 mm in
 
1982 and 321 mm in 1984 during periods of drought. The Niger's reduced
 
water levels have decreased the area and submersion period for flood
 
area ecosystems in the Delta. Figure 4.1 shows the relationship between
 
the flood level and rainfall up- and down-river in the Delta.
 

In the presentation of this research subject, the ORM (Operation
 
Riz Mopti) polders or the areas outside the polders where the frequency
 
flood levels has decreased are considered risk zones. Traditionally,

rice was grown exclusively in these zones. Currently, however, sorghum
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FIGURE 4.1: 
 LINKS BETWEEN THE FLOOD AND THE AhINFALL ON THE DELTA,
 
FOR UP- AND DOWN STREAM AREAS (From Hiernaux, 1982).
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is becoming increasingly important and is supplanting rice culture. Even
 
so, when flood levels return to normal, the sorghum harvest is lost
 
because it cannot survive a long flooding period. When flooding comes
 
early, local sorghum varieties cannot mature before the flood period.

This is also the case when the rains arrive late or are insufficient. On
 
the other hand, when the flood level is too low, rice production is
 
insignificant.
 

To reduce the risk of total loss, rice-sorghum intercropping is
 
becoming a viable alternative for ensuring at least one crop, regardless

of the water level. In addition, by choosing the appropriate sorghum

variety, it is even possible to save both crops and improve total
 
production inyears with an adequate rainfall and flood level. The
 
sorghum must mature before the water levels rise (see Figure 4.1).

However, the ORM's first attempt in this area was unsuccessful due to
 
insufficient rainfall for sorghum on 
the one hand, and low water levels
 
for rice on the other. Nevertheless, farmers who carried out the same
 
test the following year obtained satisfactory results (Dembele, director
 
of experimental research at ORM, personal communication).
 

On-station research on rice-sorghum intercropping provides few
 
results, probably for the following reasons:
 

- rice and sorghum are different crops and have different 
moisture and soil requirements, 

- potential yields and the selling price for rice are relatively 
higher than those for sorghum, which implies poor

profitability for rice-sorghum intercropping where the ecology
 
favors rice culture.
 

b. Objective.
 

The primary objective is to ensure cereal production in risk zones.
 

c. Purpose.
 

Risk zones represent a small proportion of the ORM's rice polders.

These zones are primarily the Sofara, Syn and Bougoula polders which 
are
 
flooded by the Bani. In 1985-1986, these three polders covered 4,370 ha
 
of the 29,831 allotted; approximately 15%. They are, however, important
 
areas for zones outside of the polders.
 

Rice-sorghum intercropping is coming to light in some areas in the
 
rice growing zone and appears to interest certain farmers. In fact,

interviews with the Sofara Comite des Producteurs de Riz (CPR) in
 
February 1988 revealed that yields of 100 kg of sorghum and 500 kg of
 
rice per hectare were obtained in the same year, without entailing much
 
attention to the sorghum crop.
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According to Diarra (assistant director at ORM, personal

communication, August 1988), the total yield for the system could be
 
improved by planting sorghum at the beginning of the first rains, and
 
planting rice shortly after the sorghum germinates. The sorghum variety

used should mature early enough to be harvested before the flooding
 
begins.
 

d. Proposal.
 

Rice-sorghum intercropping experiment in risk zones over a period

of several years to confirm or affirm this system's superiority compared
 
to traditional practice (either rice or sorghum monoculture).
 

11. Development Of Anti-erosion And Agroforestry Techniques.
 

a. Introduction.
 

In Mali, soil and forest resource degradation constitutes a serious
 
problem that affects over 75% of the land area in production

(Christophersen and Karch, 1988). Over half of the rural population in
 
the central and north area of the country is faced with this degradation

of natural resources. Low crop yields ind scarcity of firewood are
 
pertinent problems to environmental degradation that are felt throughout

the country, and especially in the Fifth Region. Drought and population
 
pressures destroy forest resources at more rapid rates than natural
 
regeneration, reforestation or protective actions.
 

Unfortunately, the Malian government is poorly equipped to confront
 
the current evolution of events. In fact, the Service National des Eaux
 
et Forets, which is responsible for this area, lacks the means and the
 
technical structure, especially at the local 
level where the problem

should be approached (AID, 1988).
 

Wind and water erosion, combined with extensive agricultural

practices, constitute the principal causes of soil degradation,
 
particularly in the Seno plain.
 

Several actions are necessary for the maintenance and improvement
 
of soil fertility as well as forest resource regeneration, and among

these is the improvement of crop and agroforestry systems.
 

Asif Shaikh (1985) notes that in the Fifth Region the highest

potential benefit derived from a one dollar investment would come from
 
agroforestry (planting trees and wind-breaks in fields) and from
 
organizing demand (commercial ovens in urban areas). He finds it
 
difficult to plant sufficient trees to reconstitute the entire
 
environment and to satisfy the populations growing wood needs. According
 
to Shaikh, the most promising approaches should emphasize two
 
objectives:
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creating micro-environments around farms that have a two-fold role;
 
protecting the soil and furnishing a defined quantity of forestry
 
by-products,
 

following only those development strategies having sound potential
 
for success, and giving priority to those which could have the
 
greatest global impact for the amount of resources invested.
 

Charreau and Vidal (1965) reported considerable millet yield

increases by incorporating Acacia albida into the millet cropping
 
system.
 

In Mali, anti-erosion activities initiated by the DRSPR in the
 
Sikasso region showed positive results and were extended into the CMDT
 
zone.
 

Similar anti-erosion activities have been well-accepted by farmers
 
in Bandiagara as protection for market-gardening plots as well as for
 
grain fields.
 

In the Fifth Region, several development projects are involved in
 
different aspects of agroforestry, anti-erosion activities and
 
environmental conservation; such as the village reforestation projects
 
financed by USAID in Djenne, Bandiagara and Mopti, the village

agroforestry project in Koro directed by CARE, anti-erosion activities
 
carried out by the Cooperation Technique allemande (GTZ) and those
 
executed by the International Union for the Conservation of Nature
 
(IUCN).
 

Given the significant number of projects working on anti-erosion
 
and agroforestry activities, the DRSPR should collaborate with different
 
projects in the Fifth Region on the aspects pertaining to production
 
systems.
 

b. ObJectives.
 

The primary objectives of this research subject are the following:
 

- to maintain and even improve soil fertility, 

- to improve firewood production, 

- to improve forage production, 

- to protect flood recession zones against sand encroachment. 

c. Purpose.
 

(1)Overview.
 

Water erosion is a problem in several areas of the Fifth Region.

This phenomenon is especially critical in those zones where the slope
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and the soil structure are conducive to it,such as the Bandiagara

plateau and the Djenne circle. In these areas, anti-erosion activities
 
are necessary to stem water erosion. In Seno, however, in 
some parts of
 
Mema and in areas bordering lake zones, wind erosion is the most
 
important impetus to soil degradation, particularly in the dry season.
 
Wind erosion, bringing sand encroachment, also handicaps cereal crops

during their initial period of development (germination and emergence)
 
at the beginning of the rainy season. Any action to reduce wind force
 
would be justified in this area.
 

The decrease in the duration of fallow periods (see the research
 
subject on the improvement of cropping methods) and the generally low
 
use-level of fertilizer constitute the principal factors causing

decreased soil fertility. Even though some methods, such as sufficient
 
rotation and appropriate cropping techniques could contribute to
 
fertility maintenance, mineral and organic fertilizer application is
 
essential for improvement. When land is left in fallow it is supposedly

at its maximum production capacity (Christophersen and Karch, 1988).

However, if the land is cultivated in the traditional manner with no
 
improvements, it will become exhausted. Yields will decrease
 
progressively and it will be necessary to turn to new fallow land. The
 
Operation Mils Mopti estimates that the annual decrease in soil
 
fertility is 6%. This estimate is not based on any empirical research
 
(Christophersen and Karch, 1988).
 

Wood shortage is a problem throughout the region. Reforestation
 
activities are necessary but insufficient to meet the population's
 
growing need for wood.
 

(2) Possible yield increase through soil conservation
 
and agroforestry efforts.
 

Several agroforestry arid anti-erosion actions are in progress in
 
the Fifth Region. In fact, the Bandiagara and Mopti village agroforestry

projects began in June 1981 by the planting of trees for soil
 
conservation, fuelwood and shadetree production. Another similar project

began in the Koro circle in June 1983. In addition to planting trees in
 
fields and constructing wind-breaks, the use of contour ridges and dikes
 
to prevent water erosion has become especially important.
 

The primary goals of these efforts in the areas of soil
 
conservation and agroforestry are the following:
 

- To increase crop yields in order to improve farmers' welfare. 

- To stabilize the area's agro-ecoloqical system. 

- To restore and maintain soil fertility at a level where yields will 
remain constant or increase with time, and to the point where
 
returning fields to fallow land will be delayed or no longer
 
necessary (Christophersen and Karch, 1988).
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Wind erosion can be controlled locally with wind-breaks. A yield

increase of 18% was obtained in the Majjia valley in Niger through wind­
break alleys.
 

Soil fertility can be restored through efforts based upon the
 
Acacia albida. The presence of Acacia albida in fields supposedly

increases crop yields, as the tree is able to fix nitrogen. The leaves
 
and pods provide excellent forage for cattle during the dry season when
 
grasses are scarce. Farmers can also cut branches to feed cattle during

the dry season. When grazing on the leaves, animals also contribute to
 
soil fertility improvement by leaving organic wastes. As crops can also
 
be grown beneath the trees, their presence does not significantly reduce
 
cultivation areas.
 

Studies carried out by Charreau and Vidal in 1965 in Senegal

regarding the effect of Acacia albida on millet yields showed yield

increases of over 200% (Table 4.13). The soil analysis under this system

also provided interesting results (Table 4.14).
 

TABLE 4.13 : 	Effects of Acacia albida on millet
 
yields in Senegal.
 

Parameters Beside At the Outside 
measured on the tree foliage the 
millet Itrunk edge foliage 

Protein 180 84 52
 
yield (Kg/ha)
 

Average number of 5.4 4.2 2.9
 
heads/plant
 

Weight in grain 29.8 23.3 22.6
 
per head (ingr)
 

Source: Charreau and Vidal, 1965 in Wood (1984).
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TABLE 4.14 : Analysis of soils in Acacia albida
 
environments in Senegal.
 

....................----------------------------

Params. measured Beside At the Outside
 
Relative values the tree foliage the
 
(outside the trunk edge foliage
 
foliage=100)
 

Ratio C:N 84 87 100
 

Total humus(%) 142 142 100
 

Assimilable P205 234 127 100
 

Transferable
 
cations(Me/Kg):
 

Ca 200 158 100
 

Mg 178 158 100
 

K 143 114 100
 

Na 133 144 100
 

Source: Charreau and Vidal, 1965 in Wood (1984).
 

In addition to studies on yield increases obtained with Acacia
 
albida in the field, studies or its phenology were initiated in Sadore
 
(Niger) in 1987 by an ICRISAT research team from the Sahelian Center.
 
Their research objectives in agroforestry are the following:
 

- to collect, evaluate and improve tree species adapted to Sahelian 
agroforestry systems, 

- to study the crop-tree interactions in these systems, 

- to develop and evaluate new agroforestry techniques for the 
Sahelian zone. 

(3) Reforestation.
 

Projects operating in the Fifth Region are also involved in
 
reforestation. Their activities are initiated with village participation
 
to plant village groves and shade trees for schools, private walks,
 
public areas and along roads. Some villagers and villages have achieved
 
relatively large plantations. Private owners are beginning to exploit

these plantations for commercial and household goods (fuelwood, poles,

etc.), and some have made significant profits (Christophersen and Karch,
 
1988).
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(4) Economic analysis of possible interventions.
 

According to Christophersen and Karch (1988), protection of Acacia
 
albida fields stemming from natural regeneration calls for very little
 
investment and favors yield increases. On the other hand, the profit

obtained from voluntarily planting Acacia albida is lower due to the
 
time and monetary investments required. Living hedges are financially

attractive, not only because they protect crops from animal destruction,

but also because they do not require periodic rebuilding as do other
 
fences. In addition, living hedges can also bring income from their by­
products such as fuelwood, construction and forage wood. They can also
 
contribute to nitrogen fixation.
 

The results of Christophersen and Karch's economic analyses show
 
that most of the suggested interventions should be financially

attractive for the villager, under normal rainfall conditions -- even by

using a discount rate of 20%. Every intervention suggested for soil
 
conservation that they analyzed (wind-break, living hedge, Acacia
 
albida), with the exception of contour ridges, had a positive current
 
net value.
 

(5) Institutional constraints.
 

Significant institutional constraints exist at the development

level for reforestation, wind-break, agroforestry and anti-erosion
 
actions. First, the Service des Eaux et Forets, responsible for
 
enforcing the feres' code and for collecting taxes and fees, is often
 
viewed by villagers as a repressive agency rather than an extension and
 
development agency. Second, there is an uncertainty at the level of the
 
rural population regarding the appropriation of profits resulting from
 
reforestation or agroforestry activities, which is linked to an unequal
 
and ambiguous application of the forest code.
 

Added to these institutional constraints, is the lack of means
 
provided to the Service des Eaux et Forets. This lack of means a
spars

lack of motivation on the part of the agents in carrying out their
 
extension activities and a tendency to be unaware of the need to protect
 
hard-to-access zones.
 

d. Proposal.
 

Zones: The entire Fifth Region.
 

Production system: Agropastoral and pastoral.
 

Collaborating agencies:
 

The Service des Eaux et Forets et de l'Elevage as well as existing

projects concerned with agroforestry and soil conservation (village

reforestation projects in Bandiagara, Mopti, Koro, Djenne and the GTZ at
 
Bandiagara).
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Proposals:
 

(1) Socio-economic study concerning reforestation of the
 
areas surrounding lakes.
 

(2) 	Other agroforestry and soil conservation tests in
 
collaboration with the Eaux et Forets and projects in the research
 
villages.
 

12. 	 Improvement Of Processing And Storage Techniques For
 
Agricultural Products.
 

a. Introduction.
 

Rural populations use traditional methods of food processing and
 
storage of agricultural products. These traditional methods, although
 
often effective, comprise certain constraints and shortcomings which
 
should be resolved. By giving additional value to agricultural products,
 
improved food processing enables ertrance into new markets and generates
 
employment for labor in search of work. Reducing the labor required for
 
processing agricultural products, such as millet or groundnuts, also
 
improves the productivity of women and frees them for other activities.
 
Finally, better storage methods assures greater food availability, which
 
allows more control over selling surplus produce at opportune times, and
 
reduces price fluctuations during the year.
 

(1) 	Food processing methods.
 

Some processing techniques for grains and oilseed that have already

been tested at the grain technology laboratory or at the village level
 
appear interesting.
 

The grain technology laboratory is studying methods of storing

different flours. This laboratory seeks to develop a simple technique
 
(soaking the grain in an alkaline solution before grinding) permitting
 
longer conservation of large quantities of flour without altering the
 
appealing quality of the product (Fofana and Kante, 1988). In addition,
 
tests of flour blended from grain and cowpeas, for feeding children,
 
were conducted by this laboratory at Bamako, Kolokani, Cinzana and Pel.
 

In Seno, groundnuts are grown chiefly by women. A large part of the
 
groundnut crop is consumed by the family in the form of butter or as oil
 
extracted using traditional methods. Improvement of traditional
 
processing methods will increase the market value and product hygiene. A
 
test of groundnut processing techniques using a mill was conducted by

the DRSPR at Tsevie, near Sikasso. It must be noted, however, that this
 
mill is expensive, with an overall cost of 800,000 F CFA. According to
 
initial test results, this technique is not very profitable (DRSPR,
 
volet Fonsebougou, 1987).
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(2) Crop storage.
 

Food crop yields are substantially diminished by a series of
 
ravagers, of both animal and vegetable origin, which ruin crops both
 
during growth and during the post-harvest period. Indeed, worldwide,

pre-harvest losses due to infestation are estimated at 35% (Diallo,

1977). These losses include damage caused by insects, diseases,

animals, birds and weeds. Even though losses due to birds and animals
 
are higher in tropical and subtropical regions than in temperate zones,

these losses remain nevertheless low when compared to damage caused by

insects, diseases and weeds. Worldwide post-harvest losses are estimated
 
between 10% and 20% (Guggenheim, undated).
 

In the Dogon area, total crop losses, both pre- and post-harvest,
 
were estimated at 14% (Guggenheim, undated). Rat and mouse population

explosions can 
be large enough to destroy the stocks of entire villages.

The greatest damage is caused by insects in granaries, particularly that
 
caused by Sototroqa cerealla and Sitophilus qranarius. Damage from these
 
two insect pests represents 56% to 88% of all damage to grain on heads
 
stored inside granari2s. The total of this damage, however, involves
 
only 6% to 9% of stored grain (Guggenheim, undated).
 

A study conducted at the Office du Niger in 1979-1980 on irrigated

rice showed that losses due to insects and fungi amounted to 3.7% of the
 
rice removed from granaries over a period of six to seven months. The
 
losses would have been 5% if no grain had been withdrawn during that
 
period (Kamuanga and Spencer, 1981, inM. Dembele, 1987).
 

Work to evaluate insect losses inflicted on paddy rice in storage
 
was conducted by WARDA in the Fifth Region (M.Dembele, 1987). According
 
to this work, insect losses are disturbing to some farmers holding

stocks of Oryza sativa paddy for at least one year. These losses begin

after the fifth or sixth month of storage of paddy rice in the
 
granaries. The losses sometimes attain 12% in older stocks. Average

losses for the Fifth Region are low, however, approximately 0.6%. This
 
is why, in a general sense, insect losses to paddy rice in storage can
 
presently be considered insignificant in this region. Storage periods
 
are therefore reduced more than during unfavorable weather conditions
 
which cause poor rice production, and they rarely exceed six months (M.

Dembele, 1987).
 

Still, with the small, irrigated areas arranged so as to take
 
maximum advantage of the water, the villagers will probably achieve a
 
high yield. Each villager stores some paddy at least until the next
 
harvest. The losses to paddy rice beginning after five to six months in
 
storage can be high if no insecticide treatment or improved storage
 
methods are proposed (M. Dembele, 1987).
 

On the Bandiagara plateau, onion production constitutes the main
 
off-season activity. The difficulty of storing onion bulbs during the
 
wet season limits production from the first off-season crop. In
 
collaboration with the agricultural development sector and the
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Bandiagara Centre d'Action Cooperative, GTZ undertook activities focused
 
on improving onion storage, including testing solar driers and improved
 
granaries for storing onion seeds. For the second phase of the GTZ
 
project, this storage problem is among their priority activities.
 

b. Objectives.
 

The principal objectives for this research subject are, on the one
 
hand, to improve processing techniques for agricultural produce and, on
 
the other, to improve crop storage. Improvement of processing techniques
 
will :
 

- diversify market outlets for agricultural produce (millet and 
leguminous crops) and sources of farm income, 

- improve and diversify diets, 

-
 raduce work hours spent on food processing.
 

Improved crop storage techniques allow longer storage periods and
 
larger quantities to be stored, so as to benefit from the best sale
 
periods.
 

c. Purpose.
 

(1) 	Food processing technologies for agricultural
 
products.
 

Rural populations employ traditional food processing methods for
 
agricultural products. The principal food processing activities include
 
those for:
 

- groundnuts to extract oil, to make "soumbala" (a popular 
condiment in the villages used in all their sauces), and to 
make groundnut butter, 

- shea nuts to extract oil,
 

- grain to make flour for the millet- and sorghum-based cakes, 
and for making couscous. 

Traditional food processing methods present a number of
 
constraints, the most important of which are high labor intensiveness,
 
and lack of hygienic conditions during preparation which can possibly
 
impair the quality of the final product.
 

Some of these methods have already been the focus of studies and
 
improvement tests.
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(a) Groundnut processing.
 

i) Traditional methods.
 

Groundnut oil is extracted either by boiling or pressing. These
 
techniques are used by women in all groundnut-growing areas. The
 
preparation of condiments like "soumbala" is also based on groundnuts

(used in San, in the CMDT zone, DMA, 1984). Groundnut butter is prepared

manually by women in areas where groundnuts are grown and consumed.
 

ii) Modern methods of processing groundnuts.
 

Groundnut processing was performed at Tsevie by women using a mechanical
 
oil press (DRSPR, Fonsebougou section, 1987). The nominal daily capacity

of the press is 120 kg of groundnuts, resulting in the production of 40
 
kg (42 liters) of oil and 80 kg of groundnut meal. The operation is
 
carried out by 10 women. 
Costs and benefits of this processing are as
 
follows:
 

Gross daily revenue:
 

Oil: 42 1 @ 250 F CFA/0.66 1 = 15,909 F CFA
 
Groundnut Meal: 80 kg @ 150 FCFA/kg= 12,000 F CFA
 
TOTAL = 27,909 F CFA
 

Daily expenses:
 

Groundnuts: 120 kg @ 200 F CFA/kg = 24,000 F CFA
 
Maintenance and depreciation = 1,000 F CFA
 
Firewood and water = negligible

TOTAL = 25,000 F CFA
 

Daily profit = 2,909 F CFA
 

Daily profit per woman = 291 F CFA
 

The daily profit is quite low. It depends significantly on the
 
purchase price of the raw material and the sale price of the final
 
product. The advantages to this processing method would be the
 
production capacity and time saved.
 

http:CFA/0.66
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(b) Shea butter extraction.
 

i) Traditional method.
 

The traditional method of extracting shea butter has been used for
 
thousands of years by African women. Contrary to a generally accepted
 
idea, this method is relatively efficient if one considers the
 
extraction rate obtained. On the other hand, the work is exhausting and
 
requires a great deal of work for a minuscule final return on the labor
 
(DMA, 1984).
 

The extraction rate is approximately 30%. With a yield of one kilo
 
of butter produced for 12 hours of work, the return to labor comes to
 
about 20 F CFA per hour, for a final product valued at 250 F CFA/kg
 
(DMA, 1984).
 

ii) Modern methods.
 

Modern extraction tests for shea butter were conducted by CEPAZE
 
and GTZ at Daban, in collaboration with the DMA. With the CEPAZE press,
 
some results were recorded. Three women were able to process 150 kg of
 
shea nuts per day (5.5 hours), with an extraction rate of 28%. Compared
 
to the traditional process, this process demanded little labor for a
 
comparable extraction rate.
 

The price of the press is one million F CFA, to which must be added
 
construction costs for 25 ovens, for a 50 sq. meter building, and for a
 
2,000 to 3000 sq. meter enclosure. Operating costs and depreciation are
 
approximately 75 F CFA/kg of butter, which leaves an appreciable margin
 
if the sale price of shea butter remains at 250 F CFA/kg.
 

(c) Grain processing.
 

In Mali, millet is used to make diverse traditional meals, the most
 
important of which are "To," couscous, and "Degue." Preparation of
 
these dishes requires important, primary processing steps -- hulling and
 
grinding. These are difficult steps if done manually. The difficulty of
 
processing millet and sorghum results in urban consumers replacing these
 
grains with rice and wheat (Fofana and Kante, 1988).
 

Flour obtained by the traditional method of grinding moist grain
 
has very limited storage time. In view of the technical, economic, and
 
nutritional importance of storing flour, a method was devised by the
 
SRCVO/DRA grain technology laboratory to allow longer storage of large
 
quantities of flour without deterioration of the organoleptic quality of.
 
the product. This method consists of soaking (before grinding) the
 
hulled grain in an alkaline solution. After drying and grinding the
 
grain, the flour is stored in plastic or cloth sacks. This flour can be
 
stored without deterioration for more than three months, versus one
 
month for untreated flour. The drawback to this treated flour is that,
 
in the Malian context, its range of uses is somewhat reduced. It can be
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used only to make "To." Other uses for treated flour are under study
 
(Fofana and Kante, 1988).
 

To improve child nutrition, tests of flour composed of millet and
 
cowpeas were conducted by the grain technology laboratory. Indeed,
 
grains in general have a low protein content, in contrast to legumes.

This iswhy, when eaten alone, grains cannot provide a balanced diet,

especially for children.
 

The flour 	mix is made up of 15% cowpea flour and 85% millet flour.
 
The test, whose results are reported inTable 4.15, was carried out at
 
the "centre de placement familial" inBamako.
 

TABLE 4.15: EVALUATION OF THE WEIGHT OF CHILDREN ON A MIXED FLOUR DIET.
 
(85% miLiet and 15% cowpea).
 

AGESWEIGH MONTHLY -WEIGHT-GAIN -(g)SUBJECS ----------	 --
SUBJECTS AGES WEIGHT---.......-------.---------- --­
(nIths) (in kg) Before the test After the test
 

33 13.500 125 425
 
2 25 10 600 125 275
 
3 I 9 6.200 50 375
 
4 26 9.300 170 175
 

I 150 475
 

Source: 	 Inspired by the document "Etude des transformations
 
technotogiques du mil et du sorgho". Fofana and Kant6, 1988.
 

The flour 	proved to be very beneficial, especially for subject No.
 
5. The other subjects also showed a notable weight gain. The test was
 
repeated ina rural setting inCinzana and in Pel, near Koro. Baking

tests for cookies and crackers made from millet and sorghum are also in
 
progress (Fofana and Kante, 1988).
 

(2) Harvest preservation and storage techniques.
 

At the village level, protection of food stocks is carried out
 
according to several methods:
 

- the protection method based on insecticidal or insect-repellant 
plants, such as Benefin (Hyptis specigera), Neem. Kere, Wangaro,
Sukolan (Ocinum basilium), M'Bere (Basica augusti.-olia), etc. (DMA, 
1984), 

- the protection method consisting of plastering the granary walls 
with sand, cinders, or mud, or mixing the grain with the above 
substances (DMA, 1984), 

- fumigation of the granaries by burning inside the granary the 
harvest residue mixed with powdered, hot spice. The smoke repels 
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rats and irsects. As the granaries are somewhat hermetic, this
 
method appears to be effective (Guggenheim, undated).
 

Some of these traditional methods are indeed effective, but their
 
protective capacity is limited (DMA, 19E4). If improved, these methods
 
could resolve crop protection and storage problems. Some chemical
 
insecticides are available for protecting harvested stocks (see Table
 
4.16).
 

TABLE 4.16: Available chemical insecticides.
 

PRODUCT MANUFACTURER 	RECOMMENDED PRICE
 
APPLICATION
 

Phostoxin ICA 1 tab/100 kg 150 F/tab
 

Actellic SOPRA/ 50g/100 kg
 
RENAULT
 

Nuvanol (N5P) CIBA 50g/]O0 kg
 

Damfin CIBA 50g/100 kg
 

Source : Informal survey. IER-USAID-MSU project.
 

d. Proposal.
 

Zone: The entire Fifth Region.
 

Production system: Agropastoral and pastoral.
 

Collaborating agencies: Units of grain technology and entomology
 
(SRCVC/DRA), chemical producers (SMPC, CIBA-Geigy, etc.).
 

Proposals:
 

(1) For grain technologies.
 

Conduct a market study for millet flour soaked in alkaline
 
solution, for millet couscous, for mixed millet-cowpea flour, and for
 
cookies and crackers made from millet and sorghum (from an opinion
 
survey).
 

(2) For oilseed technologies.
 

-
 A market study (demand) for processed oilseeds (groundnut oil,
 
sesame seed oil, shea butter, groundnut butter, etc.).
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Identification of constraints and potentialities with respect to
 
the introduction and use of an oil press.
 

A market study (demand) for tnese foods processed using an oil
 
press or other improved, appropriate technique.
 

(3) For crop storage and preservation.
 

Comparative tests among several chemical products.
 

Comparative tests between traditional and modern storage methods.
 

13. Collection Of Local Millet Germ Plasm.
 

a. Introduction.
 

At the present level of varietal selection, improved millet
 
varieties, as they come from research stations, do not attain the
 
production level of local varieties. Even in years with rainfall
 
shortages, millet varieties selected for their short growing season do
 
not produce better than local varieties. Indeed, SAFGRAD tests in the
 
Fifth Region did not show that the short growing season varieties, such
 
as 
IBV 8001 and HKP, had better yields than local varieties in years

with poor rainfall. The improved, short-season varieties are
 
particularly subject to damage from birds and boring caterpillars on the
 
heads (Raghuva). In comparison, local varieties are endowed with certain
 
characteristics which permit them to better resist the difficult
 
conditions in the region. They are hardy and have a relatively long

growing cycle which discourages insect attack (Raghuva and blister
 
beetles) and grain-eating birds. Just like the selected varieties, local
 
varieties have higher potential yields when they are grown inyield­
enhancing conditions. For example, it was shown that the local variety
 
NKK has a potential yield of two tons.
 

According to Matlon (1985), a brief analysis of village level 
tests
 
conducted by ICRISAT in Burkina Faso since 1981 show that, when the
 
select varieties are transferred from the station to villagers' fields,

the stress greatly reduced their yielk performance. Of 3,000 types of
 
millet screened, only five cultivars were tested in villages, but no
 
variety superior to the local variety could be identified. Matlon
 
explains that the poor performance of the improved millets vis-a-vis
 
local millets is due to the screening and selection methods used on­
station.
 

Certain varieties which have been extended, like NBB and NKK, have
 
been widely adopted by villagers (see Table 4.17), and in fact, are
 
improved local varieties. These local varieties were improved through a
 
comprehensive selection done about 10 years ago. According to Niangado,

director of the agricultural research station at Cinzana, such a
 
varietal improvement is again necessary in order to compensate for
 
environmental changes which have occurred since the selection period.

With the help of a new collection of local millet germ plasm, the best
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performing varieties could be identified for each ecological zone. Once
 
refined, these varieties could ensure adequate grain production without
 
the intensive use of agricultural inputs currently requived by the
 
varieties selected on-station.
 

Moreover, the varieties coming from local areas could serve as the
 
plant-material base for variety-improvement programs. These programs are
 
currently undergoing a new orientation which should emphasize drought

resistance at the early and the post-flowering phases, and a relatively

long growing cycle to avoid the peak swarming period of the Raghuva

caterpillars, in order to achieve a higher yield than the existing,

improved, short-season varieties (Niangado and Traore, 1988).
 

b. ObJectives.
 

The principal objectives of this research subject are the
 
following:
 

the formal survey are presented, by ecological 


- To identify high performing varieties of local millet which are 
adapted to specific ecological conditions. These varieties, after a 
comprehensive selection, could be diffused to villages in the same 
zone or in other zones where the varieties, although appropriate, 
are not known. 

- To provide rcsearchers with a plant-material 
of new, better performing varieties. 

base for the selection 

c. Purpose. 

The principal millet varieties grown by farmers interviewed during 
zone, in Table 4.17.
 

From these varieties, those interviewed recognized certain deficiencies
 
(Table 4.18) and certain positive attributes (Table 4.19).
 

Analysis of Tables 4.17, 4.18, and 4.19.
 

1) Deficient characteristics cited:
 

NBB: 58% of farmers interviewed who grow this variety find that its 
growing cycle is often too long (110 - 120 days), and 30% state that it 
has poor resistance to stem caterpillars (Acigona).
 

NKK: 46% of farmers interviewed who grow this variety state that it has
 
poor drought resistance.
 
Toroniou from Ningari: 46% of farmers interviewed who grow this variety

find that it has poor resistance to stem-boring caterpillars (Raghuva).
 

Torombedie: 75% o- farmers interviewed who grow this variety find that
 
its growing cycle is often too long (90 to 100 days).
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TABLE 4.17. VARIETIES OF MILLET GROWN AND THEIR GROWTH CYCLE ACCORDING TO AGROCLIMATIC ZONE
 

(1).(Given in % of farmers interviewed).
 
. ..------------------------------------------------------------------------­-----
I
 

VARIETY CYCLE NORTH CENTRAL SOUTH PLATEAU
 

(days)
-------------------------..-------------
 II I I 

NBB 1 110-130 10 
 52 99 I "
 

NKK 100-110 1 42 i 1 -

I--------------------------------------------------------------------------­

'Tongrim 80-100518Torooiou i 8° ° 
I I s
 

Torwcddi6 1 90-100 1 2 i i i
 

'Niou Pirou 100-110 & 4 I I

1 1 , 120-130 i I
I 

...........------------------------------------------------------------------


Koko millet 90-100 - - I I 14
 

N~ndLey/mit.1 90-100 - I i Ig14 -
II.I
 

1-Sun--- ------------------------------------------------------------------ I
Souna 1 80-90 


I 1 I I --­
- I I I 6
 

IKowa millet 1 90-100 1 - i i 10
 

Pigna milLetl 80-90 1 - - i - 14
 
----- ---------------------------------------------------------------------I
 

I i i i
 
I.------------------------------------------------------------------------ --------I
 

Ororo millet 80-90 1 -- i i 14
 
_ . . . . . . ..------------------------------------------------------------------


Gondori ! 
90-100 14 i - i - i -


I0 I -11
..............................................................................


S6nori 11 I 6 I -6-


jHaireri or 80-90 48 - I -


Toroniou I I I I
 
..........------------------------------------------------------------------


Oyari 1 80-90 1 - - i -

'Ketsari/miL. 80-90 1 12 I I - i -

I---------------------------------------------------------------I

Bamba millet! 90-100 1 
 - I I 

'Fuko millet I80-90 I 
 -2
 

'TOT---------------------------------------- ------------ I

TOTAL l 100 100 100 100
 

(1) Percentages indicate the proportion of farmers using the variety cited in each agro­
climatic zone.
 
Source: Survey carried out from December 1987 to March 1988. IER-USAID-MSU project.
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TABLE 4.18: 	 DEFICIENCIES CITED IN MILLET VARIETIES COLLECTED IN THE SENO PLAIN AND THE BANDIAGARA PLATEAU (1).
 

(Given by % of farmers interviewed).
 

- - Cycle Low - Poor resist- Poor resist-- Low I Low iSusceptible - TOTAL
 

VARIETY duration drought iance to cateriance to cater resistance to resistance to to
toaceog r ham 
1 	

I cn r i
esistancepilarseadpitars-stak mildew 1 striga cantharides
 

--------------------------------------------------------------------I
 
NBB : 	58 : - - 30 i - i 88
 

NKKi 	 - 1 46 1 19 1 12 i - i 12 i 1 89
 
.................................-----------------------------------------------------------------------------------

Ningari g 27 I 46 - i i - i 7
 

Toroniou 1
 
I 	 " "
 

Torombedie : 	 75 i - i 25 i I - I - 100
 
S" • II I . I .I
 

I
 

Niou Pirou 1 	 33 1 67 - I - - 100
 

I " 	 80
Koko mitet 1 	80 - I - , . , .
 
I


I I 40 i I 20I I i
 

N~ e e 0/ i . III I I I I
 

Souna miI eI 8625 I 50 - i 25 100
 
I I i 1 I I i 10
 

Pigna milteti 	 - I i 0 iii i i - Ii I 707
 
----------------------------------------------------------------....---------------------------------------------­

i - - 90 : : , I - 90
 

Gondori 33 I - 17 1 25 : 75
 

--------- *---------------------------------------------------------------------------------I
Snori 	 80 - i - i - 20 - 100 

Haireri or 	 -90
-15 	 -51 
 -24 


Toroniou i i i I I 	 i
 
i a


i~ I " I 1 0 I " I .I .I .I-I 	 n
 
--------------------------------------------------------------------------------------------------------------------------------I
100 I 	 100
.. Ii. . . - -I 	 I I I
Oyeasr /i 	 - . . ..... . .;.. . ....;........ ; . . .:.... . . . .. 

KeLsare/mi. 	 - i - - 50 30 80.
 
II I I I
 

Bambamillet: - I I " 100 I i - i " I 100
 
---------------------------------------------------------------------------------------------------- I 

iFuko millet i - 1 44 33 1 22 i.. I i 9 

I I
 

(1) Percentages indicate the proportion of farmers who cited the aforementioned deficiencies per variety.
 

Source: Survey carried out from Oecember 1987 to March 1988. IER-USAID-NS1I project.
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TABLE 4.19: 	 DESIRABLE QUALITIES FOUND IN MILLET VARIETIES IN THE SENO PLAIN AND THE BANDIAGARA PLATEAU (1). (Given
 
by % of farmers interviewed).
 

------------------- ----------------------------------------------------------------- -------------------------------------I
 
Cycle Good Good resist- Good resist- I Good Veryacoan Gore TOTAL
 

VARIETY rarely I ance to-caterlance to-cater I resistanc i ee to1
 
too Long resistancelpiLlars--headipillars-stalk! to mildew to striga cantharides
 

I-24 - -
 I - 19 23 : 66NBB 
 I	 1. 66 


--------	 I I IIIINKK 88 ii,, 88 
........ . . . .. ....--------------------------------------------------------------------------------------------------I
 
Ningari 91 
 91

Toroniou 1 I I 	 1
I I I I i I I 
:-------I------------ ---------------------------------------------------------------------------------------------- -------- I
 

Torombedie 
 11 89 - : - - _ 100
 
I-------------------------------------------------------------------------------------------------------------- -------I
lNiou Pirou 67 - I - I " 	 I - I 100

I---- - - - - - 1 _ - - - - - - - - - - - - - - - - - - ----- - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Koko millet 1 20 : 50 1 20 ­ i - - i - 0
I	--- - - - - - - I--- - - - - - - -I- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - I 
..n I i - - i.ey/mil.. 50 - i 20 	 70 
souna 100 i i -	 i i - 100 

i--------------.....................................................................................................
 
Kowa millet 	 14 - 29 - I 43 1 14 -_100
 

Pigna miLet 	 90 - I - I I I I - 90 
II.. .. .. . 

- --- - -- - - - ----- -	 0-
- -----I - - - - - - - - - -- - - - -- - - -- - - - -- - - -- - - - -- - - - - ­

--------------------------------------------------------------------------------------------------------- ---------I

.P gn iI I I
 

mondori 25 67 - - -i i I - 9
 

Snoi-----------20 40 - : 40 - I - I 100 
-------------------------------------------------------------------------------------- I

Haireriore 	 93 I I - I I I 93-

ToroniouI I I I I I 9
 
.......... ..------- *------------------*----------*------------------------------------------------------­
n ri 1 , i 
 : - :i 	 : 10 ,-I 	. . . . .I----------------------------------------------------------------------------------------------I 
nKesare/mil 2 i Ii I100 	 40 I I10
I 	 I Ii I I II I -II 	 II
 

Ba a millet! 100 i I -I I 	 100 1 

I -----------------------------------------------------------------------------------------­

'Fuko millet' 22 11 1 33 I I1 22 " 99 
. . .. . . . I. . . . .	 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
----------------------------------------------------------------------------------------------------------------------- I
 

(1) Percentages indicate the proportion of farmers citing the aforementioned qualities per variety.
 
Source: Survey carried out from December 1987 to March 1988. IER-USAID-MSU project.
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For the other varieties found on the Bandiagara plateau, 33% of the
 
farmers interviewed stated that their growing cycles were often too long

(90 to 100 days), and 33% stated that they have poor resistance to ear­
boring caterpillars (Raghuva).
 

For the other varieties in Seno, principally in the northern Seno
 
zone, 23% of the farmers interviewed state that the growing cycle is
 
often too long (80 - 90 days), and 25% say that they resist very poorly
 
to stem-boring caterpillars (Acigona).
 

2) The positive attributes mentioned are as follows:
 

NBB: 24% of the farmers interviewed growing this variety find that it
 
has good drought resistance.
 

NKK: 88% of the farmers interviewed growing this variety state that its
 
growing cycle is rarely too long, according to the rain patterns (100 ­
110 days).
 

Toroniou from Ningari: 89% of the farmers interviewed growing this
 
variety said that it has good drought resistance.
 

For the other Plateau varieties, 61% of the farmers interviewed
 
state that their growing 	cycles are rarely too long (80 - 90 days).

According to the informal survey, the Toroniou varieties from Ningari

and Flanio are particularly desired by growers for their short growing
 
season, high yield potential, and taste (Henry de Frahan and Diarra,
 
1987).
 

The aforementioned deficiencies indicate that it would be timely to
 
deliver ecologically appropriate plant material to villagers. The
 
attributes mentioned indicate, however, that currently existing local
 
varieties have desirable character'stics Such varieties can either be
 
extended to those zones where the, are Lnknown, or serve as 
base
 
material for selections or eventual hybridizations.
 

d. Proposals.
 

Zones: 
 Seno South, Center, North, Plateau, and non-flood areas
 
of the Delta.
 

Production systems: agropastoral and pastoral.
 

Collaborating agencies: 	 Cellule Amelioration Varietale/SRCVO/DRA
 
and the Direction Regionale de
 
l'Agriculture (Mopti).
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Method:
 

(1) A collection of millet varieties in the Seno plain,

the Bandiagara plateau, and other production zones, recording all
 
characteristics of the local varieties, their local 
names, and where
 
grown (village and site). This collection will be supported by an
 
opinion survey.
 

(2) Evaluation of ecotypes on-station and at the village
 
level (3 years).
 

(3) Selection of the best varieties according to the
 
ecosystem and improved cropping conditions/practices (planting density,

tillage, fertilization, plant treatment, etc.).
 

Such proposals were the object of a special recommendation at a
 
seminar on millet and sorghum organized by IER, ICRISAT, USAID, and the
 
CIBA-GEIGY foundation, from October 4-9, 1988. The recommendation
 
regarding millet-sorghum varietal creation was specified in the
 
following manner (translation from French):
 

- Considering the poor adoption rate for improved varieties, for 
their productivity and cooking quality, 

- considering the importance of local varieties for their 
organoleptic characteristics, 

- considering the need to improve yields and production stability for 
food security, the seminar recommends: Ist) that particular
importance be given to local varieties in the selection process;
2nd) the sampling, evaluation, and diffusion of the best local 
ecotypes; 3rd) the evaluation of material under different levels of 
intensification; and 4th) the diversification of the genetic base 
of local varieties by introduction." 

14. Research On Cropping Systems Practiced During Flood Recession.
 

a. Introduction.
 

The lakeside zone of the Niger delta in the Fifth Region covers the
 
majority of the Delta zone between Lake Debo in the Youwarou circle and
 
Lake Niangaye at the border of Gourma. It is characterized by the
 
presence of lakes and ponds around which the population undertakes
 
different economic activities, particularly floodplain cropping, animal
 
husbandry and fishing. Currently, low water levels that flood
 
increasingly smaller land areas are reducing the importance of these
 
lakeside agricultural activities. The principal lakes are: Lakes Debo,

Tanda, Kabara, Korientze, Kolardu, Korarou, Kondire, Sao, Belambambi,
 
Aougoundou, and a part of Lake Niangaye.
 



156
 

Moreover, wind-blown, encroaching sand constitutes a menace for
 
most of the lakes situated in the Korientze and N'Gouma districts. Sand
 
encroachment is especially a problem for those lakes no longer receiving
 
water. Counteracting this phenomenon requires large-scale measures
 
(wind-breaks, dune fixation, etc.). The border-zone lakes near Gourma
 
are most affected by the water deficit due to their strict dependence on
 
some lakes and ponds situated further south.
 

Over the years, grain-eating birds have also become an important
 
enemy to flood-plain culture.
 

Despite the lakeside zone's potential, especially in the cropping

and livestock sectors, no thorough study has been done with respect to
 
integrated development of the different economic activities found there.
 
The lake zone in the Fifth Region has not been served by technical
 
support agencies.
 

Although most production comes from lakeside flood plains in some
 
districts, the lakeside zone has support of extension agents from the
 
Operation Mils Mopti only for dryland, rain-fed agriculture in non­
flooded areas.
 

With the ODEM, bourgou reclamation work began in 1985 in some
 
lakeside zone villages. At present, 300 ha have been reclaimed since
 
1981 in the Douentza circle lake zone (Diakite and Keita, 1988). The
 
village of Gouloumbo in the Korientze district also undertook a smilar
 
project which iswell cultivated and well managed by the population
 
(communication from the Gouloumbo village chief, April 1988).
 

Conditions in the Delta region, and particularly in the lake zone,
 
favor animal husbandry and crop production. Well planned integration of
 
these two agricultural systems could increase production in both.
 

b. Objectives.
 

The two principal objectives of this research subject are: 

- to maintain and improve flood-plain agricultural systems, 

- to diversify and intensify these systems. 

c. Purpose.
 

The potential of the lake zone remains important. The zone is
 
indeed vast. It covers a part of the Youwarou circle, part of the
 
Sindegue and Korientze districts in the Mopti circle, and part of the
 
Bore and N'Gouma districts in the Douentza circle. In addition to the
 
several lakes previously mentioned there are also numerous ponds,
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especially in the Korientze and N'Gouma districts. Land around many of
 
these ponds is cultivated by villagers in the same fashion as around the
 
lakes.
 

There has been no on-station research on flood-plain agriculture in
 
Mali. According to the Circle Director of OMM zt Douentza, millet and
 
sorghum varieties grown in the lake zone are late-maturing varieties
 
requiring eight or nine months of growth before harvest. Residual 
soil
 
moisture after the water recedes provides the fundamental support for
 
flood-plain crops during their early growth phase. Depending on the
 
year, millet and sorghum planti.,g can begin during January or February.

The rains which ensure the remaining development of the crop are
 
expected to arrive beginning in July. The varieties presently cultivated
 
manage, consequently, to survive and even develop for five to six months
 
with only residual soil moisture from the lake water. The proposed

rcsearch could proceed with tests of early varieties (90 days, for
 
example) that coul,4 perhaps come to maturity using this residual soil
 
moisture.
 

Some advantages and disadvantages to using early varieties in the
 
lakeside zones are already foreseeable. Growing early varieties first
 
will eliminate the need for a third weeding of the long-season variety.

In addition, by increasing the planting density with respect to the
 
long-growing varieties, production can be increased. With this strategy

the villagers could overcome a grain deficit during years when the
 
harvest of rainfed crops 
is poor. On the other hand, with use of Ahort­
season varieties, birds can cause considerable losses due to the fact
 
that there will not be a large enough surface area planted to spread out
 
their damage. Also, since lake waters recede progressively it will be
 
difficult to plant a large area at one time to ensure that the crop

matures homogeneously. Elsewhere, when possible, one can even envision a
 
two-crop system for the lake zone: 
 a first crop using only residual
 
moisture from the high waters, and a second crop using only rain during
 
the rainy season.
 

In the Korientze district, where rice production is still practiced

around some lake-. Kakari black and white are 
the only upright varieties
 
of rice in the zone, Some tests of new upright varieties of rice might

improve rice production in these areas.
 

Several other secondary crops such as cassava, sweet potato,

groundnuts, and cowpeas are raised in the zone. These secondary crops
 
are often intercropped with the grains. Market-gardening production also
 
appeared during the drought years (statements by villagers at Kodie
 
pond, Korientze district).
 

In analyzing constraints to current production, a multi­
disciplinary team could assist villagers in the zone to improve their
 
production systems and to identify other issues where on-station
 
research could be helpful.
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d. Proposals.
 

Zone: North, Central, and South Delta.
 

Production System: Agropastoral.
 

Collaborating Agencies: SRCVO/DRA and the Direction Regionale de 
l'Agriculture (Mopti). 

Proposals: 

(1) A thorough study to better understand the flood-plain
 
agricultural practices and to identify production constraints.
 

(2) Variety trials with millet and sorghum, in collaboration
 
with the DRA.
 

(3) Tests with other secondary crops, such as maize and
 
potatoes ('he advantage of tubers and maize isto avoid damage by
 
birds).
 

(4) Tests of cropping techniques for working the soil (this

appears .,ecessary inview of tie clay soils inthe flood-plain zones).
 

15. Data Collection On Glaberrima Rice.
 

a. Introduction.
 

Goita (1986, p. 1)described deep-water rice production in the
 
following manner (translation from French): "Floating and deep-water

rice production ispracticed to some extent in the same fashion all over
 
the world. Before the wet season begins the soil istilled and seed is
 
broadcast." Germination istriggered by the first rains and vegetative

developmetit of the plant follows with the successive rains. Before
 
rising lake waters arrive the plant must be sufficiently developed so as
 
not to drown. "As the water level rises, the rice plants grow rapidly to
 
maintain their leaves above -ter level. Inthese conditions, it is
 
necessary to have varieties with rapid stem growth thereby allowVing them
 
to follow the water surface, and varieties which are capable of emitting

adventitious roots so they can directly use nutrients in the water."
 

In the Fifth Region, there isa larger area of unmanaged flood­
plains with natural submersion than managed plains with controlled
 
submersion (M.Demoele, 1981). Due to successive droughts and a
 
decreasing hi-water level in the past few years, land areas
 
experieaicing natural submersion have increased rapidly, from 30,000 ha
 
in 1985 to 45,000 ha in 1987 -- an increase of 50%. Areas under
 
controlled submersion tended to decrease over the same period, from
 
24,515 ha to 18,888 ha -- a decrease of 23% (Diakite and Keita, 1988).
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Most rice grown on the unmanaged plains are Oryza glaberrima

varieties, while all rice grown under controlled submersion conditions
 
on the ORM polders are Orvza sativa varieties. In view of the importance

of the Oryza glaberrima varieties, agricultural research in Mali has
 
been interested in their study. According to Goita (1986, p. 4),

"Between 1962 and 1968, efforts were Prade 
to improve local varieties of
 
Oryza qlaberrima. Trials indicated that Oryza qlaberrima varieties
 
yielded less than Oryza sativa varieties (IRAT, 1969; IRAT, 1974). Among

the reasons for this low yield one finds: fallen grain losses, early

ripening necessitating harvest while still in water, and a poor response
 
to nitrogen-charged manure. Nevertheless, Oryza qlaberrima varieties
 
offer certain advantages over Oryza sativa varieties, especially better
 
drought resistance and a longer dormant stage thus reducing the risk of
 
germination in water (IRAT, 1966; IRAT, 1969)."
 

When a study in agricultural economics was conducted by the
 
EvalJaticn and Technology Transfer Division of Mopti's rice research
 
station from 1980 to 1982 (M.Dembele, 1981), the following

characteristics of the two ri,- species Oryza glaberrima and Orvza
 
sativa were given by growers ;e Table 4.20 below).
 

The below table shows that certain Oryza claberrima varieties
 
possess desirablc, exploitable characteristics requiring study,

purification, and repropagation. Over the long rum, these varieties will
 
serve as base material for seed selection or hybridization. Diarra,
 
Director of the rice research station at Mopti, indicated some trial
 
cross fertilization is underway between Oryza sativa an-d Orvza
 
qlaberrima, with back-crosses to Oryza glaberrima, as well as improved

resistance to grain loss through mutation for Oryza claberrima varieties
 
(personal communication, August 1 88).
 

b. Objectives. 

The principal objective of this research subject are: 

- To catalogue the Cryza glaberrima varieties from different 
ecosystems. After a broad selection and purification, the best 
performing varieties can be extended at the village level in the 
same or in other zones. 

- To provide base plant material For research to select the best 
performing varieties ad for hybridization. 

c. Purpose.
 

According to M. Dembele (1987), villagers who grow Oryza qlaberrima
 
are not ready to abandon it to grow Oryza sativa varieties in its place,

due to performance characteristics of the former (see comparative
 
table).
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TABLE 4.20. Comparison between Oryza glaberrima and Oryza sativa.
 

Characteristic Oryza qlaberrima Oryza sativa
 

Origin Adapted to 
ecological 
conditions in the 
Delta, this 
species offers a 
high level of 
hardiness 
(resistance to 
drought, storm, 
insects, diseases, 
and weeds). 

Cycle Some varieties 
mature very early, 
which ensures some 
production even if 
the water recede 
quickly or if 
there is 
insufficient 
flooding. 

Floatability Adapts well to all 
water levels (1.5 
to 4 m), very 
resilient, 

Dormancy Significant 
dormancy (2 to 4 
months in the 
ground). 

Grain drop Significant grain 
drop. Given this 
characteristic in 
conjunction with 
dormancy, farmers 
do not need to 
plant each year. 

Variety introduced
 
into the Delta,
 
therefore poorly
 
adapted to its
 
ecological
 
conditions (hence
 
sensitivity of
 
most varieties to
 
climatic
 
uncertainties).
 

This variety
 
matures later than
 
0. qlaberrima.
 

Each variety
 
generally
 
corresponds to
 
water level
 
(shallow, medium
 
or high).
 

Little dormancy
 
exhibited, loses
 
its germinative
 
ability under low
 
soil-moisture
 
conditions (may
 
need to be
 
resown).
 

Not significant.
 
Planting is
 
required each
 
year.
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TABLE 4.20. Comparison between Oryza qlaberrima and Oryza sativa
 
(following).
 

Characteristic Oryza qlaberrima Oryza sativa
 

Mutation Not replacing the 
seed stock results 
in regression of 
the variety to a 
wild, invasive 
species. 

Production 
potential 

Weak due to grain 
loss and poor 
response to 
manure, 

Market value Little market 
value (difficult 
to polish), 

Emergence Stronger at 
emergence, better 
competition with 
self-propagating 
varieties. 

Storage Stores for several 
years without 
insect attack. 

Photoperiod Tolerant; flexible 
sensitivity planting date. 

Usually high under
 
normal conditions
 
(good response to
 
manure).
 

Highly valued for
 
marketing (easy to
 
polish). In
 
addition, not as
 
hard as 0.
 
glaberrima.
 

Weaker at
 
emergence
 

Does not store as
 
well as 0.
 
qlaberrima.
 

Not tolerant;
 
demands stricter
 
planting date.
 

Source: Inspired by M. Demb6, 1981.
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d. Proposal.
 

Zones: rice production zones of the Delta (unmanaged).
 

Production system: agropastoral and agro/fishing.
 

Collaborating agencies: Rice research station at Mopti
 
(SRCVO/DRA), and the ORM.
 

Method:
 

(1) 	Catalogue Oryza qlaberrima varieties in rice producing
 
areas on the Delta's unmanaged flood plains, recording all
 
characteristics, local names, and where grown (village site). This
 
census is supported by an opinion survey.
 

(2) Evaluate local ecotypes on-station and in the village
 
(probable duration: 3 years).
 

(3) Select the best varieties with respect to the ecosystem
 
and improved growing conditions (tillage, fertilization, etc.).
 

B. 	 PROGRAMMING THE RESEARCH ACTIVITIES.
 

On the basis of the information gathered and analyses presented in
 
the preceding section, the following 15 research subjects were
 
established by the team:
 

I. 	Study of input factor markets and agricultural credit.
 

II. Study of agricultural product and livestock markets and
 
transactions.
 

III. 	Intensification of millet-cowpea intercropping.
 

IV. 	Intensification of the millet-cowpea cropping pattern.
 

V. 	Development of secondary and minor crops.
 

VI. 	 Improvement of cropping methods.
 

VII. 	Integration of agriculture and animal husbandry.
 

VIII. Study of cropping systems in the Delta.
 

IX. 	Study of cropping systems in village irrigation areas.
 

X. 	 Evaluation of rice-sorghum intercropping in areas at risk for rice
 
cultivation in the Delta.
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XI. 	 Development of anti-erosion and agroforestry techniques.
 

XII. 	Improvement of storage and processing techniques for agricultural
 
products.
 

XIII. Collection of local millet germ plasm.
 

XIV. 	Research on cropping systems practiced during flood recession.
 

XV. 	 Data collection on Glaberrima rice.
 

This list of topics will be subject to modifications and
 
clarifications following the several investigations, studies and
 
analyses which the DRSPR research team must perform to corroborate or
 
in-1idate some of these topics.
 

Among the 15 proposed subjects, one notes the absence of fisheries
 
activities. This is explained by the fact that th; Operation Peche Mopti
 
is collaborating with the hydrobiology laboratory in conducting a study

attempting to identify the impact of fishing practices on the fisheries
 
ecosystems in the Diafarabe, Aka, Mopti, and other, zones. Elsewhere,
 
the hydrobiology laboratory is also collaborating with ORSTOM in a
 
multidisciplinary study on fishing activities. This laboratory envisions
 
the establishment of a permanent research team to follow the development
 
of fishing. This is why all involvement of the DRSPR in the fisheries
 
sub-sector must be identified and carried out in close collaboration
 
with the laboratory and other institutions in Mopti responsible for
 
developing the fisheries sector. Similarly, involvement of the DRSPR in
 
market gardening on the Bandiagara plateau must be in coordination with
 
all the organizations interested in the development of market gardening
 
in the aforementioned region.
 

For the implementation or development of most of these research or
 
study subjects, more importance was given to the Seno plain which is the
 
best rainfed agriculture zone. In fact, in the Seno zone and in a part

of the Bandiagara plateau, a formal study was organized with the goal of
 
verifying the data collected informally in this zone. This was not the
 
case in the Delta zone for rice production, dryland cropping and animal
 
husbandry, nor for market gardening on the Bandiagara plateau. Itwill
 
therefore be necessary for the DRSPR team to undertake more in-depth

studies to verify the subjects already selected and eventually to
 
identify new research subjects.
 

The annual plan for study and research activities is presented
 
below in Table 4.21. In the table, the first year is reserved for
 
construction of quarters to serve as offices and housing for the DRSPR
 
team. During the first year it is also possible to begin the two market
 
studies (subjects I and II) simultaneously with the construction work on
 
living quarters. The research program begins i, Lhe second year after
 
the team has settled in, collaboration has been established with
 
development organizations in the Mopti region, and after the preliminary
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surveys have been initiated. The 15 research or study subjects can be
 
classified into two large groups, depending on whether or not they rely
 
on the market studies (subjects I and II). In fact, the market study
 
results should permit better orientation and clarification of research
 
subjects III, IV, V and XII. As for the other subjects, their
 
implementation is not dependent on the market study results. These
 
subjects can be implemented as soon as they are verified by a rapid
 
assessment survey.
 

TABLE 4.21. RESEARCH PROGRAM ON RURAL PRODUCTION SYSTEMS IN MALI'S FIFTH REGION.
 

Year 1 :SUBJECTS I Year 2 ! Vear 3 1 Year 4 1 Year 5 1Year 6 : Year 7 1 Year 8 1 Year 9 1 Year 10 1 Year 11
 

B I S S
 

1
1U' 1 1 S S R' 
L
 

D III T 
 T T P P E
 
I
 

N IV T T T P P 
 E
 
G
 

V T T T P P 
 E 
C 

0 VI T T 
 T P P P E
N
 
S Vii T T T P P 


E
 
T
 

R Viii S S S R

U

C IX S T T T P E
 

T
I X T T T P P E 

0 
N X1 
 T T T P P PE 

XI1 S T T P/R 

X0I S O/T OIT OIT P P E
 

XIV i T S T ' T P 

XV S O/T O/T T T T P E
 

Le (1) The roman numbers refer to the list of research subjects.
 

S :Studies
 
P :Pre-extension
 
R :Recommend~ation
 
0 On-station research
 
T On-farm tests
 

E : Extension
 

NB : -Subjects I and Ii may begin in Year 1 of the program.
 
-Feed-back on research and devetopment wilL be made throughout the program.
 

Source : IER-USAID-MSU project.
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C. RESEARCH STRATEGY AND RESOURCES.
 

The objective of research projects on rural production systems is
 
to achieve an impact on the agricultural and social framework, and not
 
only to demonstrate an impact on production. It involves working with
 
farmers to learn about the processes of technology generation,

adaptation, and adoption (Caldwell, 1983). To achieve this objective it
 
is necessary to establish research priorities that are going to generate

technologies that members of rural households can and want to adopt
 
(Norman, 1983). The "ability to adopt" is a necessary condition which
 
requires an analysis of the biological, social, cultural, economic, and
 
institutional factors of the environment in which the production system
 
operates. The "willingness to adopt" is a sufficient condition which
 
requires an analysis of the objectives and constraints at the farm
 
level, for each area of recommendation (Caldwell, 1983).
 

The market studies constitute an important element of the
 
production systems research in the Pifth Region. In fact, several of the
 
identified research subjects depend in the market study results for
 
input stocks and outflow of crop and livestock products. Under adequate

rainfall conditions the primary problems in agriculture and livestock
 
production are marketing problems. Results of the study conducted by

Cisse (1987) in the CMDT zone indicated that a program focusing on
 
improved marketing was necessary to allow villagers to benefit more from
 
new technologies introduced into their production system. This study's

results also indicated that credit services, for production inputs as
 
well as consumption, should constitute an important element of the
 
development program. Caldwell (1983) showed that if environmental
 
constraints are modified by i;nroving infrastructure and by more
 
efficient institutional support, the adoption of technology packages

will be easier and will have a positive impact on farm-family welfare.
 
If such modifications are not possible, then the proposed technologies
 
must take that into account.
 

For the extensiu,, of the DRSPR in the Fifth Region, several
 
particular issues are worth taking into consideration:
 

1. Project funds proposed in the project document for
 
extension of the research at Mopti extend over seven years (AID, 1985).
 
But, according to the work schedule established by the feasibility study
 
team, after seven years some research topics will be at the pre­
extension stage, while others will be still at the testing stage. The
 
DRSPR's experience in this area in the Mali-South zone showed that, in
 
addition to the time required for a preliminary survey, seven years of
 
research are sometimes necessary to develop a technical package and
 
submit i" to pre-extension testing.
 

2. For the extension of the DRSPR in the Fifth Region a
 
multidisciplinary research team is foreseen, consisting of four Malians
 
(1 agricultural economist, I sociologist, 1 agronomist, and I animal
 
scientist) and two expatriates during four years (I agronomist and 1
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agricultural economist). Nevertheless, in view of the number of research
 
subjects proposed by the feasibility study team in the Fifth Region, and
 
the diversity and complexity of the zone, it will be necessary to
 
reinforce this multidisciplinary team. The need to reinforce the team
 
will be felt in the fourth project year when the market studies will
 
have specified the paths to diversification and intensification of
 
agricultural and livestock production in the Fifth Region. It is
 
actually at this time that the research subjects which depend on the
 
study results are going to begin. To meet personnel needs at this
 
juncture, a sociologist, an animal scientist, and an agronomist who will
 
focus primarily on rice will be required. After the two expatriates

leave, they must eventually be replaced by Malians to assist the Malian
 
agronomist and agricultural economist with their tasks.
 

3. Good collaboration with the (JR, other NGOs and research
 
institutions is indispensable for expediting the work of the DRSPR team
 
in the Fifth Region.
 

a. Collaboration with the ODR and other NGOs will be
 
established at the same time as the research team's installation in the
 
Fifth Region. This collaboration will facilitate:
 

1. obtaining certain data already available to them,
 

2. introducing team members in their project zones,
 

3. elaboration of the research program,
 

4. the processes of technology diffusion.
 

b. Collaboration with the on-station research institutions
 
is necessary to carry out certain research subjects for which there are
 
few results available at this time. Some subjects proposed by the
 
feasibility study team comprise aspects which must first be studied
 
through on-station research. For these subjects, the DRSPR will collect
 
the information necessary to specify the material needs for the on­
station research. The on-station research program will be carried out by

specialized research institutions upon demand and with the support of
 
the DRSPR in the region.
 

4. The team's motivation for the success of the DRSPR's
 
activities in the Fifth Region must be a priority due to the extent,

diversity, and complexity of the region. Collinson (1988) showed that
 
most governments in East and South Africa have not considered
 
agricultural research as a priority in public investment. This attitude
 
had, as a consequence, a negative effect on researchers -- that is,
 
derisive salaries, and in addition, a lack of or insufficient funds with
 
which to carry out research programs. Projects were often compromised

and van abandoned because allocated funds were insufficient and
 
disbursement methods too rigid. The lack of motivation caused, in 
some
 
countries, poor management, corruption, and professional flight out of
 
the country.
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5. The logistical structures proposed in the "Project
 
Document" confine the offices and housing to Sevare, and guest housing
 
to the Point d'Appui de Recherche (PAR of Koporo). Nevertheless, in view
 
of the distance and road conditions, it is necessary to plan for some
 
guest rooms at Djenne to facilitate the team's work in the South-Delta
 
zone. Note that Djenne is already 120 km from Sevare. Moreover, with
 
Djenne being a tourist center, itwill become expensive for the team to
 
use administrative lodging. It is also necessary to note that during the
 
rainy season, access to the flood zones in the Delta is practically
 
impossible by road. Actually, to go into Mema (Western Delta), one must
 
cross the active Delta. It is therefore necessary to plan to have a
 
barge with a motor and some transit quarters at Tenenkou or at Dioura if
 
the team must conduct studies in this zone.
 

6. Sanitation problems are worth emphasizing, considering the
 
poor road conditions and the presence of noxious insects. Two members of
 
the feasibility study team did, in fact, suffer serious attacks from
 
blister beetles. To palliate these incidents which can impede the
 
researchers in their work, the transit quarters should be stocked with
 
small medicine kits, in the absence of adequate health facilities in the
 
area.
 

7. To allow communications between the field team and
 
headquarters at Sevare, two-way radio equipment is also necessary. This
 
ability to communicate can reduce considerably transportation costs and
 
can maintain the research team's moral during long stretches in the
 
field.
 

In conclusion, this chapter has proposed 15 subjects of research
 
for the DRSPR in Mali's Fifth Region. The diversity of these research
 
subjects reflects the complexity and the numerous interrelationships
 
inherent to constraints that farming systems face in the Fifth Region.
 
The research subjects are organized into a 9-year research program and a
 
strategy to implement this program is suggested. The next chapter
 
evaluates the financial and economic feasibility of some research
 
subjects, considering only those which can be included in a standard
 
benefit-cost evaluation and which are expected to show positive benefits
 
in the near future. The technical coefficients and the price figures
 
for the proceeding evaluation are drawn from this chapter.
 



V. EVALUATION OF THE RESEARCH PROGRAM.
 

The preceding chapter has indicated some research themes which could
 
be developed by the DRSPR in the Fifth Region. The benefits that these
 
research themes could give rise to, once developed and promoted within
 
the rural community, have been presented in a qualitative way. This
 
chapter, consisting of the formal economic evaluation of expanding the
 
DRSPR into the Fifth Region, shows quantitatively the expected benefits
 
and costs of this expansion.
 

The benefits and costs of expanding the DRSPR into the Fifth Region
 
are estimated using the method presented by J. Price Gittinger in
 
Economic Analysis of Agricultural Projects (2nd ed., Baltimore: Johns
 
Hopkins University Press for the World Bank, 1984). This method of
 
evaluating projects iswidely used by the World Bank and 
numerous other
 
multilateral and bilateral oryanizations. The method is based on the
 
estimation of three components. The first component consists of the
 
incremental benefits to be gained for the target groups as 
a result of
 
the project. In the present context, the increased incomes accruing to
 
farm households as a result of the transfer and adoption of new technical
 
packages, developed and tested by the research system, represent the main
 
incremental benefits. Benefits that accrue to groups other than farmers
 
as a result of the project will be indicated but not estimated. The
 
second component is the incremental costs of production (or processing or
 
marketing) incurred by project target groups as 
a result of adopting

technical packages developed and tested by the research system. 
The
 
third component represents the costs of the project and complementary

investments necessary for the project to affect target groups. 
The
 
relevant period over which these benefits are estimated is that for which
 
the project will continue to have an impact on the target groups. For
 
each year during this period the incremental net benefits (net cash flow)
 
are calculated by subtracting from the incremental benefits accruing to
 
target groups the incremental costs of production, the costs of the
 
project, and the complementary investments necessary for the project to
 
have an impact (credit system, extension, seed production, etc.)
 

The incremental net benefits are then discounted using a discount
 
rate generally between 8% and 15%. This discount rate is chosen
 
according to the cost of capital 
in the country benefiting from the
 
project (termed the opportunity cost of capital) or according to the
 
degree of preference of society for present rather than future returns
 
(termed the social rate of time preference). Discounting allows costs
 
and benefits that accrue at different points in the future to be compared

in terms of their value in today's currency. The value of a project can
 
also be expressed as the ratio of the present value of the benefit stream
 
to the present value of the cost stream jbenefit-cost ratio) or the ratio
 
of the present value of the net benefits to the present value of the
 

I/ i.e. the incremental net benefits each year after the net cash
 

flow becomes positive.
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investment outlay 2 (net benefit-investment ratio). Finally, the value of
 
a project is also commonly expressed using the Internal Rate of Return
 
(IRR), which is that discount rate that, when applied to the net cash
 
flow over the project life, will yield a net present value of zero. The
 
IRR represents, therefore, the annual yield on resources invested in the
 
project. A project with a higher internal rate of return than the
 
threshold rate of return is therefore attractive. The threshold rate of
 
return generally corresponds to the opportunity cost of capital
 
(Gittinger, 1984).
 

The three measures of project value mentioned above can be
 
estimated in financial or economic terms. The financial approach uses
 
those prices and interest rates operating in markets where the project is
 
to be implemented. These are the prices which the project's target
 
groups actually receive or pay. The economic approach uses those prices

from which all subsidies or taxes have been deducted. The economic
 
approach considers all subsidies and taxes to be transfer payments

between groups of producers or consumers in the same country.

Furthermore, if any inputs or products are imported, then not only must
 
taxes and subsidies be removed in the valuation of these inputs or
 
products but an adjustment must also be made for the rate of exchange.

In the case of Mali, the exchange rate is determined by the Monetary

Union of West African States (UMOA). Due to the balance of payments

deficit and the structure of taxes and subsidies, the CFA franc is
 
overvalued in Mali vis-A-vis the US dollar. Taking into account solely

the balance of payments deficit, the overvaluation or exchange rate
 
subsidy was on the order of 33% for the period 1981-1985 (Stryker et al.,
 
1987). An overvalued exchange rate favors imports at the expense of
 
exports. Economic analysis corrects this bias in order thit the
 
evaluation of the project be based on the opportunity cost to the
 
country as a whole of the resources invested in the activities of the
 
project and on the value in use to the country of the outputs of the
 
activities, not the distorted prices faced by individual actors in the
 
economy.
 

The financial approach is nevertheless useful for determining the
 
profitability to target groups of proposed changes, and consequently for
 
estimating how widely recommendations made by the project for these
 
groups will be adopted.
 

2, i.e. the incremental net benefits during the early years before
 
the net cash flow becomes positive.
 

3/ The opportunity cost of a scarce resource 
is the benefit
 
foregone as a result of not employing that resource in its next best
 
alternative use (Gittinger, 1984).
 

4/ The value in use 
is that sum of money that a purchaser is
 
prepared to pay in order to obtain the final good or service (Gittinger,
 
1984).
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This chapter is organized in four sections. The first section
 
presents the assumptions on which the financial and economic evaluations
 
of the project is based. These assumptions relate to the project, the
 
technical packages, and to the prices and adoption of technical packages.

The second section contains the financial analysis. Financial budgets

for each technical package included in the project evaluation are
 
presented, together with sensitivity analyses. The third section
 
contains the project economic analysis itself. This shows the
 
contribution of each technical package to the economic value of the
 
project. The economic value of the project is then presented using the
 
three commonly used criteria of evaluation: the net present value, the
 
internal rate of return and the net benefit-investment cost ratio. The
 
economic value of the project is tested using sensitivity analysis in
 
which the major assumptions are allowed to vary. The fourth section
 
draws conclusions from these analyses.
 

A. ASSUMPTIONS UNDERLYING THE EVALUATION.
 

1. Assumptions Relating to the Project.
 

Project costs used for the economic evaluation of expanding the
 
DRSPR in the Fifth Region are those given in the project document (AID,

1985) which have already been presented in tables 1,2, and 3 in chapter

II. The project document envisages seven years of finance for the
 
expansion of the DRSPR. Given that nine rather than seven years are
 
required for the development and pilot extension of the research themes
 
proposed, the cost of two additional years have been added to the seven
 
initially anticipated. These two additional years include only recurrent
 
costs, those budgeted in the seventh year of the project.
 

Only buildings are considered to have a salvage value, estimated in
 
year nine 50% of their initial cost.
 

The number of scientists, whether expatriate or Malian, is kept at
 
the level proposed in the project document, although in view of the large

number of viable research themes it would be desirable to strengthen the
 
research team. The sensitivity analysis will show the impact of
 
increasing the cost of the project on the economic value of the project.
 

The time required to develop a technical package, test it and mount
 
a pilot extension program is that proposed in the section of the
 
preceding chapter dealing with the research program. 
The program has
 
been developed on the basis of experience gained by the two longest

standing sections of the DRSPR (the Fonsebougou Section and the Bougouni-

Sikasso Section), and on the basis of the manpower resources available
 
for the expansion.
 

The transfer of technical packages depends as much on the support

services to Lhe rural community and the private sector as it does on the
 
research system. The costs of providing and distributing inputs and
 
agricultural credit are included in the input prices and interest rates
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used. Nevertheless, an important assumption underlying this evaluation
 
is that the support services and private sector function and manage to
 
provide and distribute inputs in the quantities required and at the
 
estimated prices, along with the necessary credit. For this reason the
 
research theme involving a study of the input and credit markets is
 
important, in order to identify constraints and take account of them in
 
the development of new technologies.
 

2. Assumptions Relating to the Technical Packages.
 

Four technical packages have been included in the financial and
 
economic analysis of the expansion of the DRSPR in the Fifth Region.
 
They are the following: 

- millet-cowpea intercropping; 

- sole millet and cowpea cropping pattern; 

- groundnut-millet-groundnut rotation; 

- sesame cultivation. 

Each of thesL four technical packages integrates several of the
 
research themes proposed in the preceding chapter. For example, the
 
millet-cowpea intercropping package involves not only the research theme
 
on intensify-Ing millet-cowpea mixtures but also the complementary themes
 
on 
input markets and agricultural credit, marketing and transactions in
 
of crops and livestock, improved husbandry practices, and the integration

of crop and livestock production. Similarly, the technical package for
 
the sole millet and cowpea cropping pattern integrates research on the
 
intensification of millet and cowpea cultivation in pure stands 
as well
 
as the complementary issues mentioned above. 
 This is equally true for
 
the lasf two packages included in the analysis. Based on the research
 
theme of developing secondary crops, these two packages alsC require

market studies, improvement of husbandry practices, and the integration

of crop and livestock production.
 

These four technical packages were included in the analysis of
 
expanding the DRSPR in the Fifth Region for several reasons. First, the
 
components that make up the four technical packages are based on 
a
 
relatively sound foundation. There already exists a body of scientific
 
knowledge from station research and multilocation trials that indicates
 
that the development of such packages will yield positive results (see

research themes 3,4, and 5 in the preceding chapter). This research also
 
provides the necessary technical coefficients with which to construct
 
budgets for each of the technical packages. Second, because a solid
 
research base already exists, these technical packages can be developed

and promoted relatively quickly. Obtaining concrete results quickly, in
 
terms of technical transfer, has a major impact on the present value of
 
the project because the method of discounting incremental net benefits
 
weights early gains more heavily than those obtained later. Third, it is
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anticipated that these four technical packages will be adoptable by the
 
relatively larger target groups in terms of number of farm households and
 
area cultivated.
 

A number of the proposed research themes for the expansion of the
 
DRSPR have not been included in the economic analysis. While these
 
themes are important and justified, several reasons prevent their
 
inclusion in this analysis. First, it is difficult to predict with any
 
degree of certainty the results that could be expected from the pursuit
 
of several of these themes. This applies primarily to themes such as the
 
study of cropping systems in the Delta, the development of soil
 
conservation techniques and agro-forestry, and the improvement of crop

processing methods. Practically speaking, there is no data base for
 
estimating ex ante the benefits that could be obtained from the
 
development and transfer of theses research themes. Taking the
 
development of soil conservation and agro-forestry techniques for
 
example, the recent evaluation of the viblage reforestation project in
 
the Fifth Region (AID, 1988; Christopherson and Karch, A988) drew
 
attention to the lack of data and recommended that the project identify
 
znd test appropriate and proFitable techniques. Given that such
 
techniques are highly specific to the agro-climatic and socio-economic
 
environment it would be wrong to extrapolate results obtained elsewhere
 
(e.g. the Majjia valley in Niger) to the Fifth Region of Mali.
 

The second reason is that the results expected from the development

and transfer of some of these research themes will take relatively longer
 
to materialize than those included in this evaluation. This is
 
particularly true of research themes relating to flood recession
 
igriculture and to the establishment of a local germplasm collection for
 
millet and Oryza glaberrima. Effectively, such themes first require a
 
disciplinary approach before being studied in a systems framework.
 

The third reason is that the results expected from the development

and transfer of some research themes will be applicable only to
 
relatively small target groups in terms of population and cultivated
 
area, or where quantification is difficult. Research themes in this
 
category are the study of cropping patterns on irrigated village
 
perimeters, the results of which would apply to a maximum of 840 ha
 
supervis-d by ORM and 540 na under the management of local development

committees, and the evaluation oF rice-sorghum intercropping in at-risk
 
rice producing areas of the Delta where it is difficult to estimate a
 
priori the arLa to which the results might be applicable.
 

For these three reasons this evaluation of the expansion of the
 
DRSPR is partial, being based essentially on four technical packages.
 
These packages all relate to rainfed agriculture. The evaluation team
 
does not mean to suggest that research in the Fifth Region should foculs
 
uniquely on rainfed agriculture. Rather, to the extent that one can
 
expect any return to these four technical packages for which quantitative
 
estimates are made, then the overall estimates of the project value that
 
will be provided below are underestimated. Chapter IV, however,
 
disclsses the importance and the opportunity that the research themes not
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included in the economic analysis represent. Despite the fact that these
 
themes do not easily lend themselves to economic evaluation for the
 
reasons given above, the benefits of these themes should not be assumed
 
to be zero.
 

The technical packages included in the analysis are evaluated in
 
terms of the increase in value of output or the reduction in costs of
 
production to the farm. The indirect (or secondary) benefits are not
 
separated out in this analysis. According to the terminology in
 
Gittinger (1984, p.478), indirect benefits are "changes in income that
 
accrue to sellers of project inputs (...) or to buyers of project outputs

used as intermediate goods (... )." These indirect benefits are 
implicitly included in the economic evaluation when valuing inputs and
 
outputs at their shadow prices, representing either the opportunity cost
 
in the case of intermediate goods and services, or the value in use in
 
the case of final goods and services.
 

This economic evaluation does not take into account intangible

effects of the project. In terms of the target groups of an expansion of
 
the DRSPR, these effects could include a reduction in outmigration from
 
rural areas, the distribution of income among and within farm households,
 
regional development, national integration, and conservation of the
 
environment from soil erosion and declining soil fertility. In regard to
 
the DRSPR itself, such effects would be primarily the training of
 
scientists and the strengthening of the institutionalization of a systems
 
approach to research in Mali. While important, these effects are
 
difficult to quantify in monetary terms. However, they should be borne
 
in mind by evaluators and decision makers.
 

The reduction in food aid following an increase in cereal
 
production and incomes in the Fifth Region is not taken into account. In
 
recent years, food aid has been provided mostly to the population living
 
on the Bandiagara plateau and might be reduced if coarse grain, cowpeas
 
and Bambara nut production increases. 9fterwards, food aid reduction
 
would stimulate local cereal production , enhance national independence,
 
and reduce donor expenditures on this form of aid. Food aid and
 
outmigration reductions are likely to be the most important external
 
benefits of the project.
 

The four technical packages included in the economic analysis are
 
given in detail in annex F. They are presented for each agro-climatic
 
zone and compared to both traditional local practices (i.e., farms
 
without animal traction) and improved local practices, called also
 
transitional practices (i.e., farms with animal traction). The technical
 
coefficients used are mainly those given in the presentation of the
 
research themes. The technical coefficients for the "millet-cowpea
 
intercropping" package (table F.1 in annex F) are those given in the
 

5/ Local coarse grain producers, particularly those from the
 
South Seno, tend to perceive food aid negatively because it depresses
 
prices on the weekly assembly markets.
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proposals for a research theme on the intensification of millet-cowpea

intercropping; coefficients for the "sole millet and cowpea cropping

pattern" (table F.2 in annex F) are those given in the proposals for a
 
research theme on the intensification of pure stands of millet and
 
cowpeas; and those for the "groundnut-millet-groundnut rotation" package

(tables F.3 and F.4 in annex F) and for "sesame cultivation" (table F.5
 
in annex F) are those given in the proposals for a research theme on the
 
development of secondary crops.
 

3. Assumptions About Prices.
 

An important distinction must be made between economic and
 
financial prices. Financial or market prices are those that farm
 
households pay or receive. These are used in constructing financial
 
budgets for, and carrying out a financial analysis of, technical
 
packages. Financial analysis provides an estimate of the profitability
 
of a package to the farmer, and consequently the likelihood of the
 
package being accepted or rejected. The economic price, on the other
 
hand, also known as the economic value (Gittinger, 1984, p.469), is the
 
amount by which production of a project output or use of a project input

changes national income, i.e., its contribution to the national economy.
 
This sum can be the market price (ifthis price is unaffected by taxes or
 
subsidies) or an estimate of the opportunity cost or value in use
 
according to whether the product is respectively an intermediate or a
 
final good or service.
 

For both the economic and financial analyses, market prices are
 
used at their 1988 levels. Doing all analysis in real prices, in 1988
 
terms, does not assume an absence of inflation in the future, but it does
 
assume that there will be no change in relative prices.
 

The distinction between economic and financial prices applies

equally to the calculation of amortization charges on capital items. To
 
simplify the calculation, constant annuities are used, a pgital recovery
 
factor being applied to the value of the initial investmet . The real
 
financial interest rate charged by the BNDA (i.e., the nominal BNDA
 
interest rate less the rate of inflation) is used for the financial
 
analysis, whereas a rate reflecting the value of money over time
 
(estimated at 12%) is used for the economic analysis.
 

6/ The capital recovery factor corresponds to the annual repayment
 
on a loan of one currency unit for x years with compound interest
 
charged on the unpaid balance (Gittinger, 1984).
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a. Financial Prices (see table E.3 in annex E).
 

The financial prices of inputs are generally those charged by the
 
OPSS, the SMPC, the CMDT, the OHV, and the SMECMA, increased by 10% to
 
allow for transport and distribution costs in the Fifth Region. The
 
price of local seed is taken to be the price observed inweekly markets
 
during the hungry period (June to September).
 

The cost of daily labor used to evaluate financial value of the
 
technical packages is determined according to the opportunity cost of the
 
labor. The cost of daily labor used to estimate the financial value of
 
the first two technical packages (millet-cowpea intercropping and the
 
sole millet and cowpea cropping pattern) is determined according to the
 
daily return to labor for work on millet-cowpea intercropping, the most
 
widespread rainy season crop in the project area. The cost of daily
 
labor used to estimate the financial value of the proposed groundnut­
millet-groundnut rotation is the one determined according to the daily
 
return to labor for work on a local millet-millet-millet rotation that is
 
expected to be replaced by the proposed rotation. The cost of daily
 
labor used to estimate the financial value of the proposed sesame
 
cultivation is the one determined according to the daily return to labor
 
for work on the millet crop of a second year of a local millet-millet­
millet rotation. The second year millet crop is expected to be replaced

by the proposed sesame cultivation. These costs are also estimated
 
according to the agro-climatic zone and method of cultivation (with or
 
without plow).
 

Prices of agricultural products were determined according to the
 
agro-climatic zone and analytical situation. For example, it is
 
considered that the prices of millet, cowpea and groundnut used in the
 
evaluation of proposed technical packages should reflect the average

price over the year because, through improving storage conditions and
 
diversifying production, the farmer would be able to market product

throughout the year rather than being forced to sell immediately after
 
the harvest period. By contrast, when the traditional local practices
 
and improved local practices are analyzed, the prices for millet, cowpea
 
and groundnut are those prevailing at harvest time.
 

Whether the prices used for millet, cowpeas and groundnuts are
 
annual averages or post harvest, all estimates are based on observations
 
made by the evaluation team, with the exception of the annual average

price for millet. This information was gathered by the evaluation team
 
during the 1986-87 and 1987-88 agricultural seasons on the Fifth Region's
 
assembly weekly markets. The 1986-87 season was a good one whereas that
 
of 1987-88 was mediocre. The average annual price of millet was
 
determined on the basis of monthly price statistics for millet gathered

by the Early Warring System (SAP) for the period October 1986 to
 
September 1988 (see table E.1 in annex E). These statistics were
 
contrasted to the observations made by the evaluation team and were found
 
out to correspond. This annual average price has, however, been reduced
 
arbitrarily by 10% in order to take account of the fact that the SAP
 
statistics are retail not wholesale prices.
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The price of sesame is based on that offered by CMDT (90 FCFA/kg to
 
the producer), 
reduced by 20% to take account of the distance from the
 
Fifth Region.
 

b. Economic Prices (see table E.4 in annex E).
 

The financial prices of inputs have been adjusted to arrive at
 
their economic value. There are two categories of inputs. On the one
 
hand, the financial prices of locally produced inputs must have the value
 
of taxes removed and subsidies added to arrive at their economic value.
 
On the other hand, there are inputs that are essentially imported but
 
have value added locally (through processing, assembly, marketing, etc.).

For this second category of inputs, the customs duty on the imported
 
component must first be removed, and then an exchange rate premium added
 
to the duty free imported component in order to take account of the
 
overvaluation of the CFA franc vis-a-vis other currencies. 
 As a final
 
step, any domestic taxes applied must be deducted and any subsidies added
 
to arrive at the economic price.
 

The first category of inputs includes mainly improved seed (millet

and cowpea from OPSS, groundnuts from ODIPAC, and sesame from CMDT),

locally raised draft animals, and Tilemsi rock phosphate produced

locally. In Mali, the costs of seed productiog exceed their sale price,

the subsidy having been arbitrarily set at 20% . The economic value of
 
draft animals is taken to be the market price in the Fifth Region. The
 
economic price of domestically produced Tilemsi rock phosphate is the
 
same as its financial price.
 

The second category of inputs includes mainly pesticides,

fertilizer and agricultural equipment. The economic values of these
 
inputs are 
shown in table E.4 of annex E. An 8% subsidy on agricultural

equipment in Mali has been taken into account in determining the economic
 
value.
 

The economic value of millet, cowpea and groundnut is estimated at
 
their respective market prices in the expectation that these three
 
agricultural products will be consumed within the Fifth Region. 
 These
 
products are currently not subject to significant cross border trade.
 
Sesame, by contrast, will be produced specifically for export. The
 
economic value of sesame is obtained by adding export taxes to 
the
 

7/ Even if this subsidy has been set incorrectly this should not
 
significantly affect the results of the economic analysis because the
 
cost of seed accounts for only a small proportion of the costs of
 
production of rainfed crops, with the exception of groundnut
 
cultivation.
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producer price8 and applying the exchange rate premium to take account of
 
the overvaluation of the CFA franc.
 

The economic cost of daily labor is determined the same way the
 
financial cost of daily labor is determined with the exception that the
 
financial values of the inputs and outputs used in the determination of
 
the cost of daily labor are replaced by their corresponding economic
 
values.
 

c. 	Amortization Charges (see tables E.5 and E.6 in annex E).
 

The calculation of financial amortization charges is presented in
 
table E.5 of annex E. In order to derive a constant annuity, a capital
 
recovery factor is employed. For agricultural equipment, the capital
 
recovery factor is determined on the basis of the repayment period
 
permitted by the BNDA and not the working life of the equipment. While
 
this 	method overestimates the annual cost, it is used in order to take
 
account of the farmer's financial obligations to the BNDA.
 

The calculation of economic amortization charges is presented in
 
table E.6 in annex E. It is carried out in the same manner as for
 
financial amortization charges, except for the use of economic prices
 
instead of financial prices, an opportunity cost of capital estimated at
 
12% instead of the real financial rate of interest charged by BNDA and a
 
longer recovery period, based on the expected life of the equipment.
 

4. 	 Assumptions Regarding the Size of Target Groups and Rates of
 
Adoption.
 

As the technical packages included in the analysis of an expansion
 
of the DRSPR have been identified according to the agro-climatic zones
 
for rainfed agriculture, it is first of all necessary to estimate the
 
area cultivated in these zones. Furthermore, within each agro-climatic
 
zone there exist several producer target groups for which the adoption
 
rates of the technical packages will vary. These target groups are
 
characterized according to their farming system (mixed farming or
 
pastoral) and level of technical (with or without plows). Consequently,
 
it is also necessary to estimate the area for each of these target groups
 
in their respective agro-climatic zones.
 

After estimating the area cultivated for each target group by agro­
climatic zone, this section then presents the method for estimating rates
 
of adoption. The adoption of technical packages is assumed to depend
 
primarily on the package itself (i.e., the financial profitability and
 
complexity of the package), secondly on the agro-climatic zone, and
 
thirdly the relevant target group.
 

8/ Export taxes are added to the producer price because they are
 

considered as a transfer of payment from producers to the government.
 



178
 

a. Estimation of Target Group Sizes.
 

As the four technical packages all apply to rainfed agriculture,
 
estimation of the area potentially benefiting from these packages is
 
based on statistics from the Op6ration Mil Mopti (OMM). For the "millet­
cowpea intercropping" and "sole millet and cowpea cropping pattern"
 
packages the area estimated by OMM as being cultivated to millet is used.
 
However, for this analysis the area is limited to the four agro-climatic
 
zones (Seno North, Center, South and Plateau) where the four packages are
 
likely to be most widely adopted. Estimates of the area cultivated in
 
millet for these four zones are given in table J.1 in annex J. The
 
population of these four agro-climatic zones accounts for 57% of the
 
population in zones with rainfed agriculture and 30% of the total
 
population of the Fifth Region (376,000 out of 1,261,000 inhabitants).

Thus the four technical packages included in the analysis pertain to
 
approximately 30% of the population of the Fifth Region. This percentage
 
represents that part of the population that can benefit quickly from an
 
expansion of the DRSPR in the Fifth Region, and hence that part to which
 
this economic analysis applies.
 

As an underlying assumption of this analysis is that the rate of
 
adoption of technical packages will vary according to the target group,

their size is estimated next. Target groups are characterized according
 
to their farming system and level of technical.
 

The relative size of the two farming systems has been estimated for
 
each of the agro-climatic zones and is presented in table J.1 in annex J.
 
This estimate has been determined with the help of estimates on the
 
relative size of ethnic groups (Kassambara, 1980) or made at the time of
 
sampling for the formal survey. The Peul ethnic group practices a
 
pastoral farming system; the Dogon, Daffin, Mossi and Bambara a mixed
 
farming system.
 

The level of mechanization is estimated for each farming system in
 
each agro-climatic zone. The level of mechanization was estimated at the
 
time of sampling for the formal survey and is presented for each farming
 
system in table J.1 of annex J.
 

Having estimated the proportion of the total area of each agro­
climatic zone accounted for by the two farming systems, and their
 
corresponding level of mechanization, it is now possible to estimate the
 
size of the target groups in terms of population and area cultivated.
 
This information is presented in table J.2 of annex J.
 

For these estimates to be correct, the area cultivated by the farm
 
household must be independent of the type of farming system and level of
 
technology. This independence could not have been tested with the
 
available secondary and formal survey data. The only available
 
information from the formal survey is that the number of active members
 
per household ranges from 6 to 13 with no statistically significant
 
differences among farming systems and level of technology within
 
agroclimatic zones. As indicated by other studies in other regions of
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Mali 9 , it is likely that such an independence does not hold. If
 
mechanized farmers farm proportionally more land than non-mechanized
 
farmers, then in that case a correction factor should have been applied
 
to take account of a possible overestimation of the area cultivated by
 
non-mechanized target groups, and underestimation in the case of the
 
mechanized target group.
 

b. Estimation of Adoption Rates.
 

A bai5line adoption coefficient reflecting the expected rate of
 
acceptance of the technical packages has been chosen for the four
 
technical packages included in the analysis. A baseline coefficient of 2
 
was initially assumed and subsequently proved to be adequate to represent
 
the expected ceiling adoption rates of the four technical packages. The
 
expected ceiling adoption rates correspond to those observed for the
 
diffusion of animal traction in the corresponding agro-climatic zones.
 
An adoption coefficient valued at 2 means that during the early years the
 
area benefiting from adoption of the package doubles. As this area
 
approaches a ceiling the rate of adoption falls by half. The
 
characteristic "S" curve obtained using this technique has frequently
 
been observed during the process of adoption of innovations. In effect,
 
adoption is slow at the beginning, then accelerates, and finally slows
 
down (Rogers, 1957).
 

9/ In the OHV and CMDT zones it has been observed that mechanized
 
farms are characterized by a larger number of persons and a larger
 
cultivated area than non-mechanized households (D'Agostino, 1988).
 

10/ The estimation of the expected aggregate area that will
 
benefit every year from each of the four technical packages is based on
 
a mathematical simplification of the following logistic function used by

Griliches (1957) to represent the diffusion of hybrid corn in the United
 
States:
 

-
K/[14e (a
+bt)]
P(t) = 


where P represents the proportion of land benefiting from the new
 
technology and is a function of time t; K is the long-run upper limit on
 
adoption aggregate; the slope, b, is a measure of the rate of acceptance
 
of the new technology; and the intercept, a, reflects aggregate adoption
 
at the start of the estimation period.
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The expected adoption curves are shown on figure 5.1. During the
 
pilot extension phase, ofly a small proportion of area will be affected
 
by the proposed packages . That proportion of area reflects the
 
aggregate 	adoption at the start of the estimation period. After several
 
years of extension the rate of adoption accelerates and subsequently
 
slows down between 7 and 10 years after first being introduced. For the
 
majority of technical packages a ceiling is reached approximately 14
 
years after the first year of pilot extension. The ceiling represents

the long-run upper limit on adoption aggregate. For the groundnut­
millet-groundnut rotation and the sesame cultivation, the ceiling

adoption rate is greater than 100% as it is expected that the area
 
benefiting from these two technical packages will be superior to the area
 
presently 	devoted to groundnut and sesame respectively.
 

FIGURE 5 1- Adoption Curves
 
By Tecnnical Package
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Legend: 	 PI : "Millet-cowpea intercropping".
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P3 : "Groundnut-millet-groundnut rotation".
 
P4 : "Sesame cultivation".
 

11/ Adoption is supposed to begin during the first year of the
 
pilot extension phase.
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The baseline adoption coefficient is modified, however, according

to the financial and technical characteristics of the package, the agro­
climatic zone, the farming system and level of technology of the target
 
group, in order to take account of several factors affecting the rate of
 
acceptance. These factors are the profitability and financial stability

of technical packages (see next section), the complexity of technical
 
packages, the socio-professional characteristics of the adopter, and the
 
climatic, socio-economic and institutional environment. 
 As a rule of
 
thumb the adoption coefficient is adjusted upward for mechanized target

groups; for less complex packages closer to existing local practices; for
 
highly profitable packages; and for the Seno Center and Plateau areas
 
characterized by the best soils (although rainfall 
is higher in Seno
 
South), by better transport and commercial infrastructure, and by a
 
higher population pressure on good arable land where the packages will
 
bring about intensified land use. The adoption coefficient is adjusted

downwards for target groups not benefiting from those characteristics
 
which facilitate adoption.
 

Once the adjustment of the adoption coefficient has been determined
 
for each target group and technical package, three additional variables
 
have an effect on the area benefiting each year from adoption of the
 
package. The first variable is the 
area on which the package is adopted

in the first year, the second the area benefiting iii the last year, and
 
the third variable is the year inwhich the adoption rate declines as

opposed to increases. Once two of these variables are 
established they

determine the third. 
 These three variables have been determined in an
 
iterative manner to arrive at realistic values for all 
three.
 

For example, the area benefiting from the technical package in the
 
first year of adoption, corresponding to the first year of pilot

extension, is fixed realistically between 5 and 40 ha. 
 This area varies
 
according to the technical package and the target group. Then, the area
 
benefiting from the technical 
package in the last year is determined by

multiplying the expected upper limit aggregate adoption rate by the 
area
 
cultivated actually in the crop for which the technical 
package applies.
 

The estimated upper limit aggregate adoption rate is presented in
 
table 5.1 for each of the technical packages. To convert this adoption

rate into area terms, OMM estimates of cultivated areas are used. For
 
the first two packages, "millet-cowpea intercropping" and "sole millet
 
and cowpea cropping pattern", the area benefiting at the end of the
 
adoption process is effectively estimated by multiplying the estimated
 
area cultivated in millet for each target group by the chosen upper limit
 
aggregate adoption rate. For the "groundnut-millet-groundnut rotation"
 
package, 5% of the area cultivated to millet is multiplied by the chosen
 
upper limit aggregate adoption rate because, according to OMM, the area
 
cultivated in groundnut represents 5% of the area cultivated to millet.
 
For the "sesame cultivation" package, 10% of the area cultivated in
 
millet is multiplied by the chosen upper limit aggregate adoption rate
 
because, according to Soumano (SRCVO, personal communication, October
 
1988), the area cultivated in Sesame corresponds to 10% of the area
 
cultivated in millet in the Fifth Region.
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TABLE 5.1: 	 Estimates of the upper limit area benefiting from a
 
technical package at the end of the adoption process.
 

Technical 	 Initial Estimated Upper Upper Limit Area
 
Packages 	 Area Limit Adoption Benefiting
 

(Ha) Rate (%) (Ha)
 

"Millet-cowpea 	 126278 23.5 29724
 
intercropping"
 

"Sole Millet-cowpea 	 126278 24.1 30412
 
cropping pattern"
 

"Groundnut-millet­
groundnut 	rotation" 6314 108.0 (1) 6820
 

"Sesame cultivation" 12628 100.5 (2) 12690
 

TOTAL 	 145220 54.8 79646
 
......................------------------------------------------------­
(1) 	It is anticipated that the area in pure stand belonging to the
 

proposed groundnut-millet-groundnut rotation would be greater than
 
the area grown actually in groundnut.


(2) 	It is anticipated that the area presently grown in sesame would
 
expanded.


Sources: 	 Using the technique developed above and the tables J.3 to J.6
 
of annex J.
 

The third variable is the year which sees the rate of adoption

begin to diminish. This year corresponds to the inflection point of the
 
"S" shaped adoption curve. This variable is determined in an iterative
 
manner according to the value of the two preceding ones, taking account
 
of the fact that packages and target groups with lower rates of adoption

will generally 	take longer to reach the inflection point. Thus the
 
adoption coefficient for 	the "sole millet and cowpea cropping pattern"

package is smaller than that for the "millet-cowpea intercropping"

package to reflect the fact that the type of cropping pattern proposed is
 
less familiar to potential adopters than is intercropping. On the other
 
hand, the inflection point for the "sole millet and cowpea cropping

pattern" package is delayed two to three years to reflect the fact that
 
this technical 	will eventualy be adopted on a larger scale because of
 
its higher profitability 	compared to that for the "millet-cowpea
 
intercropping" package. It is assumed that the "groundnut-millet­
groundnut rotation" package has the same potential adoption

characteristics as the "sole millet and cowpea cropping pattern" package

and consequently the same rate of acceptance. The "sesame cultivation"
 
package is characterized by both high profitability and low complexity

and is consequently assigned a relatively high acceptance rate compared
 
to the other technical packages. Compared to the "groundnut-:,illet­
groundnut rotation" package, however, "sesame cultivation" will reach its
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inflection point earlier, taking account of the fact that its diffusion
 
may be constrained by export possibilities. It would be desirable to
 
examine the international vegetable oil market in order to more
 
accurately determine the possibilities for this new venture in the Fifth
 
Region.
 

This section has presented the four types of assumption which
 
underlie the following economic analysis. The majority of these
 
assumptions are subjected to sensitivity analyses. Table 5.2 indicates
 
the variables to be included in the analyses of the sensitivity of the
 
project's financial and economic value for each type of assumption.
 

TABLE 5.2: Variables included in the sensitivity analyses.
 

Type of Assumption Variables Tested
 
...............................-------------------------------

Pertaining to the project Costs of the project 

Success of systems research 

Progress of research themes to the 
extension stage 

Pertaining to the technical Life of the innovation 
packages 

Increase inyields 

Pertaining to prices Increase in farm gross benefits 

Increase in farm costs
 

Pertaining to adoption Rate of adoption
 

Adoption ceiling
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B. FINANCIAL ANALYSIS.
 

This section presents first the financial budgets of the proposed
 
technical packages with regard to the traditional and improved

traditional technologies, and second the results of the sensitivity
 
analysis.
 

1. Financial Budgets.
 

Financial budgets for each nf the technical packages are presented

in tables G.1 to G.5 in annex G. For each package the incremental gross
 
benefits, incremental costs, incremental average returns to labor, and
 
finally the incremental net benefits are estimated. These estimates are
 
calculated in relation to the traditional technology and improved

traditional technology or transitional technology (using animal
 
traction). For example, the "sole millet-cowpea intercropping" and the

"millet-cowpea cropping pattern" technical packages 
are compared with the
 
traditional and improved traditional millet-cowpea intercropping. The

"grounidnut-millet-groundnut rotation" technical package is compared with
 
the traditional and improved traditional millet-millet-millet rotation.
 
The "sesame cultivation" technical package is compared with the millet
 
crop of the second year of the traditional and improved traditional
 
millet-millet-millet rotation. Breaking up the financial analysis into
 
three groups of farm enterprises has two advantages. First, it is
 
consistent with the farmers' strategies of diversification in order to
 
provide food grains and income while reducing the risk of total crop

failure. Second, it allows each proposed package to be compared directly

with the production techniques currently used by farmeis for the relevant
 
enterprise. Budgets are estimated for each agro-climatic zone where a
 
package is to be introduced.
 

Potential labor savings are counted as gross benefits and valued at
 
the current opportunity cost of labor employed in the traditional or
 
improved traditional technology. When estimating labor savings for the
 
proposed technical package compared to traditional technology (non­
mechanized farms), the opportunity cost of labor is that estimated for
 
the traditional technology. When estimating labor savings for the
 
proposed technical package compared to the improved traditional
 
technology (mechanized farms), the opportunity cost of labor is that
 
estimated for the improved technology. This method of valuing potential

labor savings is preferred because the majority of the packages reduce
 
labor input per unit of cultivated area compared to the existing
 
technology.
 

The financial budgets of the proposed technical packages are
 
analyzed with respect to three criteria: the marginal rate of return
 
(MRR), the average return to labor and the marginal return per man day.

While the MRR reflects the additional profit earned by the additional
 
capital and labor invested in the package, the marginal return per man
 
day isolates the effect of additional labor from other factors of
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production. Since capital and labor are 
the two most limiting factors of
 
production for farm households in the Fifth Region, both merit special
 
attention.
 

a) The Marginal Rates of Return of the Technical Packages.
 

The results in tables G.1 to G.5 of annex G are summarized in
 
tables 5.3 to 5.5. These three tables show the estimated marginal rates
 
of return (MRR) to the technical packages by agroclimatic zone . As
 
shown on 
the tables, the marginal analysis is performed for substitutable
 
crop enterprises in the same way the financial budgets were presented

above: the "millet-cowpea intercropping" technical package, the "sole
 
millet-cowpea cropping pattern" technical package and the traditional 
and
 
the improved traditional millet-cowpea intercropping together; the
"groundnut-millet-groundnut rotation" technical package and the
 
traditional and improved traditional millet-millet-millet rotation
 
together; the "sesame cultivation" technical package and the millet crop

of the second year of the traditional and improved traditional millet­
millet-millet rotation together.
 

For the northern zone, on table 5.3, the marginal analysis

eliminates the "sesame cultivation" technical package because the
 
proposed package is dominated by the existing technologies. Despite the
 
low MRR of the "millet-cowpea intercroppinq" technical package for both
 
the non-mechanized and mechanized farms, this technical package is
 
retained because of its familiarity. It requires few changes vis-a-vis
 
traditional and improved traditional practices. It is expected that the
 
adoption of this technical package would be faster than the adoption of
 
the "sole millet-cowpea cropping pattern" technical package but the
 
latter will eventually catch up. The same reasoning applies for these
 
two technical packages in the center, platedu and the southern zones on
 
tables 5.4 and 5.5.
 

12/ The marginal rate of return is the ratio of the marginal net
 
benefit to the marginal cost, expressed as a percentage. In order to
 
determine the MRR, the different packages along with existing practices

need to be ranked according to their net benefits and their total costs.
 
Any activity that has net benefits less than or equal to those of an
 
activity with lower costs is said to be dominated, and therefore
 
eliminated from the marginal analysis. The marginal 
rate of return is
 
estimated between technologies of incremental cost. A marginal rate of
 
return of 50% indicates, for example, that for every additional franc
 
invested in the proposed package the farmer can expect to recover the
 
franc invested and earn 50 centimes more profit. CIMMYT (1988)

considers a rate between 50 and 100% 
to be the minimum rate at which a
 
technology package will be adopted. The threshold depends on 
the degree

of complexity and unfamiliarity of the technical package proposed
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Fer the center and plateau zones, the "groundnut-millet-groundnut
 
rotation" technical package with Tilemsi rock phosphate (TRP) and the

"sesame cultivation" technical package are more profitable than the
 
existing technologies and are, therefore, retained in addition to the

"millet-cowpea intercropping" and the "sole millet-cowpea cropping
 
pattern" technical packages.
 

TABLE 5.3: Synthesis of the financial budgets for farms in the northern zone.
 

Net Benefit Total Cost Marginal Marginal MRR Average Rate
 
Technical Package(1) (FCFA) (FCFA) 
 Net Ben~fit Cost (M) of Return
 

(FCFA) (FCFA) (2) %
 

A) NO-MECHANIZED FARM: 
 (3)
 

Improved M-C intercropping 32437 18537 1501 573J 26 76
 
Improved M-C cropping pattern 30936 12802 7761 5472 142 100
 
M-C interc. transitional practice 23175 7330 3878 6127 63 63
 
M-C interc. traditional practice 19297 1203
 

2nd year of M-M-M trad. practice 14337 663
 
2nd year of M-M-M trans. practice 14428 6790 Dominated (5)
 
Improved sesame cultivation 13344 9902 Dominated (5)
 
----. ------------------------------------------------------------------------------------­. . . . . . . . . . . . . . . . 
B) MECHANIZEr FA,M: (4) 

Improved M-C intercropping 
Improved M-C crupping pattern 
M-C interc. transitional practice 

22883 
22087 
14820 

18537 
12802 
7330 

796 
7267 

5735 
5472 

14 
133 

72 
133 

2nd year of M-M-M trans. practice 
Improved sesame cultivation 

8210 
7080 

6790 
9902 Dominated (5) 

(1) 

(2) 
(3) 
(4) 

M-C: Millet-Cowpea 
M-M-M: Millet-MilLet-Millet rotation 
Transitional practice: Mechanized prac
Traditional practice: Non-mechanized p
From preceding to following. 
From the traditional practice. 
From the transitional practice. 

tice 
ract

with no external 
ice with no external i

inputs. 
nputs. 

(5) 
 A technical package is dominated if it incurs higher costs but no additional net benefit.
 
Source: From tables G.1. to G.5. in annex G.
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TABLE 5.4: Synthesis of the financial budgets for farms in the center and plateau zones.
 

Technical Package(I) 
Net Benefit 

(FCFA) 
Total Cost 

(FCFA) 
Marginal 
Net Benefit 

Marginal 
Cost 

MRR 
(%) 

Average Rate 
of Return 

(FCFA) (FCFA) (2) % 

A) NON-MECHANIZED FARM: (3) 

Improved M-C intercropping 42781 24325 3972 7157 55 73 
Improved M-C cropping pattern 38809 17168 7329 9110 80 80 
M-C interc. transitional practice 31480 8058 5573 6965 80 80 
M-C interc. traditional practice 25907 1093 

Improved G-M-G rotation with TRP 23626 16964 8006 16318 49 49 
M-M-M rot. traditional practice 15620 646 
Improved G-M-G rotation w/o TRP 15357 13179 Dominated (5) 
M-M-M rot. transitional practice 14869 7611 Dominated (5) 

Improved sesame cultivation 22717 13015 6530 12402 53 53 
2nd year of M-M-M trad. practice 16187 613 
2nd year of M-M-M trans. practice 15829 7578 Dominated (5) 

B) MECHANIZED FARM: 
 (4)
 

Improved M-C intercropping 29980 24325 3255 7157 45 
 56
 
Improved M-C cropping pattern 26725 17168 5833 9110 64 64
 
M-C interc. transitional practice 20802 8058
 

Improved G-M-G rotation with TRP 18008 16964 8377 3785 221 100
 
Improved G-M-G rotation w/o TRP 9631 13179 976 5568 18 18
 
M-M-M rot. transitional practice 8655 7611
 

Improved sesame cultivation 16283 13015 7061 
 5437 130 130
 
2nd year of M-M-M trans. practice 9222 7578
 

(1) 	 M-C: Miltet-Cowpea
 
G-M-G: Groundnut-Millet-Groundnut rotation
 
M-M-M: Millet-Millet-Millet rotation
 
TRP: Tilemsi Rock Phosphate
 
Transitional practice: Mechanized practice with no external inputs.
 
Traditional practice: Non-mechanized practice with no external inputs.
 

(2) 	 From preceding to following.
 
(3) 	 From the traditional practice.
 
(4) 	 From the transitional practice.
 
(5) 	 A technical package is dominated if it incurs higher costs but no 
additional net benefit.
 
Source: From tables G.1. to G.5. in annex G.
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TABLE 5.5: Synthesis of the financial budgets for farms in the southern zone.
 

Net Benefit Total Cost Marginal Marginal MRR Average Rate 
Technical Package(l) (FCFA) (FCFA) Net Benefit Cost (%) of Return 

(FCFA) (FCFA) (2) % 

A) NON-MECHANIZED FARM: (3) 

Improved M-C intercropping 39431 35166 2870 10982 26 50 
Improved M-C cropping pattern 36561 24184 9756 17044 57 61 
1-C interc. transitional practice 26805 7140 4418 6127 72 72 
M-C interc. traditional practice 22387 1013 

Improved G-M-G rotation w/o TRP 14500 12267 1030 11637 9 9 
Improved G-M-G rotation with TRP 14347 16053 Dominated (5) 
M-M-M rot. traditional practice 13470 630 
M-M-M rot. transitional practice 12306 6757 Dominated (5) 

Improved sesame cultivation 30130 12177 14785 5487 269 127 
2nd year of M-M-M trans. practice 15345 6690 8 6127 0 0 
2nd year of M-M-M trad. practice 15337 563 
..........................--------------------------------------------------------------------------------­

8) MECHANIZED FARM: (4)
 

Improved M-C intercropping 29893 35166 2077 10982 19 42
 
Improved M-C cropping pattern 27816 24184 9756 17044 57 57
 
M-C interc. transitional practice 18060 7140
 

Improved G-M-G rotation w/o TRP 10308 12267 2965 5510 54 54
 
Improved G-M-G rotation with TRP 10041 16053 Dominated (5)
 
M-M-M rot, transitional practice 7343 6757
 

Improved sesame cultivation 23990 12177 14780 5487 269 269
 
2nd year of M-M-M trans. practice 9210 6690
 

(1) 	 M-C: Millet-Cowpea
 
G-M-G: Groundnut-Millet-Groundnut rotation
 
M-M-M: Millet-Millet-Millet rotation
 
TRP: Titemsi Rock Phosphate
 
Transitional practice: Mechanized practice with no external inputs.
 
Traditional practice: Non-mechanized practice with no external inputs.
 

(2) 	 From preceding to following.
 
(3) 	 From the traditional practice.
 
(4) 	 From the transitional practice.
 
(5) A technical package is dominated if it incurs higher costs but no additional net benefit.
 
Source: From tables G.1. to G.5. in annex G.
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For the southern zone, the "groundnut-millet-groundnut rotation"
 
technical package is eliminated because the MRR is very low for the non­
mechanized farmers and because it would not be worthwhile for the
 
project to invest time and energy in the development of a technical
 
package for such a small target group as 
the southern mechanized
 
farmers. 
 With the highest marginal rate of return, sesame cultivation
 
in the southern zone is particularly attractive. This is due in part to
 
the fact that the ratio of sesame and millet prices is more favorable to
 
sesame cultivation in Seno South than other areas. 
 In order to maintain
 
the profitability of the package as production will increases, new
 
market outlets will need to be found.
 

Looking at the MRR between the traditional technology and the
 
improved traditional technology estimated for the first group of
 
financial budgets on tables 5.3 to 5.5, it is useful 
to note that the
 
marginal rate of return is highest (80%) in those zones where
 
mechanization is particularly widespread (mechanization rates are 46% in
 
Seno Center and 32% in the Plateau, results from sampling prior to the
 
formal survey) and lowest but still attractive (MRRs of 72% and 63%) in
 
the zones where mechanization is less widespread (mechanization rates
 
are 15.5% in the Seno South and 17.5% in the Seno North). These
 
attractive MRR for the mechanized technologies provide further evidence
 
of the complementary need for the provision of agricultural equipment to
 
increase profitability, particularly in the Seno Center and Plateau
 
areas where the effective denmand for equipment is not yet met because
 
of lack of equipment availability.
 

b) 	 The Average Returns to Labor and the Marginal Returns per Man
 
Day for the Technical Packages.
 

On table 5.6, both the average return to labor and the marginal
 
return per man day are estimated. First, the total return to labor is
 
determined by the difference between the gross benefit and the total
 
cost of production, excluding any labor cost or labor saving in the
 
estimation of these two variables. The total cost of production

includes an opportunity cost of capital of 25% to make sure that the
 
difference between the gross benefit and the total 
cost of production is
 
the return to the labor only and not to the capital invested in the
 
production process. In the sensitivity analysis, the opportunity cost
 
of capital is increased to 50%. The size of these two opportunity costs
 
of capital approximately corresponds to the range in seasonal (5 to 6
 
months) loan rates given by private merchants to farmers during the
 
cropping season. These imply a range in annual rates between 50 and
 
100%. Second, the average return to labor is calculated by dividing the
 
total return to labor by the number of days of work.
 

Once the average return to labor is estimated, the marginal return
 
per man day is estimated in the following two steps. First, the
 
marginal return to labor is estimated between enterprises with
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TABLE 5.6: Average return to 	 labor and marginal return per man day with a opportunity cost of capital of 25%. Marginal
 

Gross Benefit Total Cost 
 Return to Labor Incremental Average Return
Technical Package(1) (FCFA) (FCFA) Labor Input Labor Day 
Marginal Return per


To Labor (4) Return to man day(5)

(2) (3) (FCFA) (day) 
 (day) (FCFA/day) Labor(FCFA) (FCFA/day)
 

A) NORTHERN ZONE:
Improved M-C intercropping 46000 23171 
 22829 36.0 
 5.0 634
Improved M-C cropping pattern 36775 	 2056 41116003 20773 31.0 3.5M-C interc. traditional practice 20500 1504 	
670 7785 2224


18996 48.5 
 21.0 392
M-C interc. transitional practice 	 Dominated (6)22150 
 9163 12988 27.5 
 472
 
2nd year of N-M-M trod. practice 15000 
 829 14171 41.5 6.5Improved sesame cultivation 21000 	 341 5549 854
12378 8623 
 35.0 11.5 
 246 2110
2nd year of M-M-M trans. practice 15000 8488 6513 	

183
 
23.5 
 277
 

....... 
 ... ............. 
 ....................... 
 ...................... 
 ....................... 
 ............. 
 ............ 
 .....
 
Improved M-C intercropping 62600 30406 

B) 	CENTRAL AND PLATEAU ZONES:
 

32194 47.5 4.4
Improved M-C cropping pattern 49500 21460 	
678 4154 94428040 43.1 
 9.1 651
M-C interc. traditional practice 27000 	 9163 10071366 25634 57.5 23.5 
 446 Dominated (6)
M-C interc. transitional practice 28950 
 10073 18878 
 34.0 
 555
 

Improved G-M-G rotation with TRP 
 40640 21205 
 19435 51.0
M-M-M rot. traditional practice 16267 	
.7 381 3976 5679
808 15460 50.3 .6
Improved G-N-G rotation w/o TRP 	 307 4690 1303
27243 16474 10769 
 46.7 16.4 
 231 4016
M-M-M rot. transitional practice 16267 9514 6753 	

245
 
30.3 
 223
 

Improved sesame cultivation 33750 
 16269 17481 
 43.0 14.0
2nd year of N-P-M trod. practice 16800 766 	
407 10154 72516034 49.0 20.0 
 327 Dominated (6)
2nd year of M-M-N trans. practice 16800 9473 7328 
 29.0 
 253
 

C) 	SOUTHERN ZONE:
Improved M-C intercropping 68300 43958 24343 39.0 -25.0 624 DominatedM-C interc. traditional practice 23400 	 (6)
1266 22134 64.0 6.5Improved P-C cropping pattern 52000 	 346 Dominated (6;30230 21770 57.5 18.5
M-C interc. transitional practice 25200 8925 	

379 Dominated (6)
16275 39.0 
 417 Donminated (6)
 

P-M-M rot. traditional practice 14100 788 
 13313 50.0

Improved G-M-G rotation with TRP 	

.7 266 3152 4502
30227 20066 10161 
 49.3 .3 
 206 120
Improved G-M-G rotation w/o TRP 25375 15334 	 36
10041 46.0 
 16.0 218
M-M-M rot. transitional practice 	 4388 27414100 8446 
 5654 30.0 
 188
 
Improved sesame cultivation 42000 15221 
 26779 49.0 
 547 19241
2nd year of P-M-M trod. practice 15900 704 

19.0 	 101315196 50.0 
 20.0 304 Dominated (6)
2nd year of M-M-M trans. practice 15900 8363 7538 30.0 
 251
 

= 	 :::
== == ---=:= .. .
 .. 	.. .. .
 

(1) 	 P-C: Miltet-Cowpea.
 
M-M-M: Mitlet-Mitlet-MiLLet rotation.
 
G-M-G: Groi-kmut-M iltet-Groninut rotation.
 
TRP: TilemssiRock Phosphate.

Transitional practice: 
 Mechanized prictice with no external 
inputs.

Traditional practice: 
 Non-mechanized practice with no external 
inputs.


(2) Labor gain exclmuded.
 
(3) Labor cost excluded, but including a 25% opportunity cost of capital for the cropping season.(4)Return to labor divided by total tabor days.
(5)Marginal return to tabor divided by the incremental labor day.(6)A technical package is dominated if it incurs more tabor input but no additional net benefit.Source: From tables F.1. 
to F.5. in
annex F and tables G.I. 
to G.5. in annex G. 
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incremental labor input 13 . Second, the marginal return to labor is
 
divided by the number of additional man-days employed to arrive at the
 
marginal return per man day, which indicates how much the additional
 
work day is worth when invested in a more labor intensive crop

enterprise.
 

(1) The average return to labor.
 

As indicated by table 5.6, both the "sole millet-cowpea cropping

pattern" and the "millet-cowpea intercropping" technical packages

increase the average return to labor vis-a-vis the traditional and
 
improved traditional technologies for the northern, center and plateau
 
zones, the former package increasing average returns the most. In the
 
central and plateau zone, the "groundnut-millet-groundnut" technical
 
package also increases the average return to labor. For the southern
 
zone, only the "millet-cowpea intercropping" and the "sesame
 
cultivation" technical packages increase the average return to labor
 
vis-a-vis the traditional and improved traditional technologies. There,
 
the "sole millet-cowpea cropping pattern" technical package ranks
 
between the traditional and improved traditional technologies. For all
 
zones, the mechanization of the traditional technology increases the
 
average return to labor for the millet-cowpea intercropping as expected,

Dut not for the millet-millet-millet rotation. This means that the
 
average return to labor cannot be increased by mechanization when only

millet is grown, mainly because the millet price is too low to cover the
 
cost of mechanization.
 

In general, average returns to labor for non-mechanized target groups

adopting either the proposed technical packages or the improved

traditional technology (technolL~,ies with a mechanization component) are
 
highest in the center and plateau zones, with the exception of the

"sesame cultivation" technical package which has the highest average
 
return to labor in the southern zone. This confirms why the center and
 
plateau zones are actually the zones experiencing the highest equipment
 
rate.
 

(2) The marginal return per man day.
 

The last column of table 5.6 shows the marginal return per man day

for the technical packages. First of all, it is interesting to note
 
that the traditional technology is generally dominated by the improved

traditional technology and by the proposed technical packages, with the
 

13/ The marginal return to labor is the difference in the returns
 
to labor between two alternative activities. In order to calculate the
 
marginal return to labor, the activities to be compared need to be
 
ranked according to the size of their return to labor and the size of
 
their labor input. Any activity that has a return to labor less than or
 
equal to the return to labor of an alternative activity with lower labor
 
input is said to be dominated and therefore eliminated from the marginal
 
analysis.
 



192
 

exceptions of the "sesame cultivation" technical package in the northern
 
zone and the "groundnut-millet-groundnut rotation" technical package in
 
the center, plateau and southern zones. The "sesame cultivation"
 
technical package in the northern zone and the "groundnut-millet­
groundnut rotation" technical package in the southern zone have already
 
been already rejected because of their low MRR to capital and labor. In
 
contrast, the "groundnut-millet-groundnut rotation" technical package
 
has a higher marginal return per day than the traditional technology in
 
the center and plateau zones and is, therefore, retained as a profitable
 
package.
 

To be accepted as a more profitable alternative, the proposed
 
technical packages need to show a marginal return per man day greater
 
than the present estimated opportunity cost of labor. In the northern
 
zone, it is certainly the case for the "sole millet-cowpea cropping
 
pattern" technical package. In the center and plateau zones, it is the
 
case for all the proposed technical packages, i.e., the "millet-cowpea
 
intercropping", the "sole millet-cowpea cropping pattern", the

"groundnut-millet-groundnut rotation" and the "sesame cultivation"
 
technical packages. In the southern zone, it is the case for the

"millet-cowpea intercropping" and the "sesame cultivation" technical
 
packages. The marginal return per man day for the "millet-cowpea
 
intercropping" technical package in the northern zone and the average
 
return to labor for the "sole millet-cowpea cropping pattern" technical
 
package in the southern zone range between the opportunity cost of the
 
traditional and the improved traditional technologies. These two
 
packages will be retained because of their satisfactory average rate of
 
return (see tables 5.3 and 5.5), but will have a low expected adoption
 
rate in those zones where they do not provide a significantly higher
 
return to labor to the traditional and the improved traditional
 
technologies.
 

c) Conclusion.
 

Analysis of the financial budgets permits unprofitable or margi­
nally profitable packages to be eliminated. Primarily on the basis of
 
the estimated marginal rate of return, average return to labor and
 
marginal return per man day the technical packages presented in table
 
5.7 are retained in the following sensitivity analysis.
 

2. Sensitivity Analysis of the Financial Budgets.
 

The sensitivity analysis has several objectives. One is to see
 
how unexpected changes affect the profitability of the technical
 
packages (Gittinger, 1984) and, therefore, to determine the stability of
 
the financial (or economic) return when the values of key variables
 
change. Another is to confirm the relative impact of particular
 
variables on the financial (or economic) results. This signals to those
 
responsible for evaluating or implementing the project which variables
 
merit special attention, whether at the planning stage or during
 
implementation.
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TABLE 5.7: Technical packages included in the sensitivity analysis.
 

Technical packages (1)

Zone and Level of Technology PI P2 P3 P4
 

Northern Zone
 
Non-mechanized x x 
Mechanized x x 

Center and Plateau Zones 
Non-mechanized x x x x 
Mechanized x x x x 

Southern Zone 
Non-mechanized x x x 
Mechanized x x x 

(1)PI : "Millet-cowpea intercropping".
 
P2 : "Sole Millet-cowpea cropping pattern".
 
P3 : "Groundnut-millet-groundnut rotation".
 
P4 : "Sesame cultivation"
 

Sensitivity analysis is carried out by varying a value or
 
combination of values, and then determining the consequences of this
 
change on the financial (or economic) resu 7 ts (Gittinger, 1984). The
 
range in values is chosen according to what is realistic.
 

Two types of sensitivity analysis are carried out for the
 
financial budgets of each technical package. The first sensitivity
 
analysis tests the effects of two variables on the marginal rate of
 
return. The first variable is the commodity price or yield for each of
 
the proposed packages. Whether one varies the price or the yield, the
 
sensitivity analysis is the same since, in both cases, the gross benefit
 
is multiplied by the same factor. The second variable is the cost of
 
purchased production inputs, excluding land and labor inputs.
 

The second type of sensitivity analysis looks at the change of the
 
opportunity cost of capital on the average return to labor and the
 
marginal return per man day. For both sensitivity analysis, changes are
 
examined for each recommendation domain, i.e., according to agro­
climatic zone and level of technology.
 

a) On the Marginal Rates of Return of the Technical Packages.
 

Results of the first sensitivity analysis are presented in tables 1.1
 
to 1.3. in annex I. The changes in output price or yield and input
 
costs are carried out for the proposed technical packages and for the
 
traditional and improved traditional technologies as well with a
 
variation of ± 10%, ± 20% and ± 50%. This range of variation is the
 
most likely to happen.
 

In the northern zone (table I.1 in annex 1), the profitability of the

"sole millet-cowpea cropping pattern" technical package is by far more
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stable than the "millet-cowpea intercropping" technical package for both
 
changes in price or yield and input costs. 
 For a 20% reduction in
 
output price or yield or for a 20% increase in input costs, the MRR of
 
the "sole millet-cowpea cropping pattern" technical package is still
 
attractive. The MRR is above 90% for both non-mechanized and mechanized
 
farmers. Moreover, this technical 
package is never dominated by the
 
other technologies in the observed range of variation. 
 It is not the
 
case for the "millet-cowpea intercropping" technical package which
 
becomes dominated for a 20% variation. The same observations hold for
 
the center and plateau zones. The "sole millet-cowpea cropping pattern"

technical package has a MRR above 40% for a 20% reduction in output

price or yield or for a 20% increase in input costs. These observations
 
hold to a lesser extent for the southern zone. The "sole millet-cowpea

cropping pattern" technical package has a MRR above 30% for a 20%
 
reduction in output price or yield or for a 20% increase in input costs.
 
However, the "millet-cowpea intercropping" technical package resists
 
better in these zones than in the northern zone to the reductions in
 
output price or yield and the increases in input costs. In the event of
 
a 50% change, this package becomes dominated in the center, plateau and
 
southern zones. In sum, the "sole millet-cowpea cropping pattern"

technical package is more stable than the "millet-cowpea intercropping"

technical package for reductions in output price or yield and for
 
increases in input costs. This is 
even more true for the northern zone
 
than for the other zones.
 

In the center and plateau zones, the "groundnut-millet-groundnut
 
rotation with TRP" technical package stays very attractive for the
 
mechanized farmers for a 20% reduction in output price or yield or for 
a
 
50% increase in input costs. In contrast, for a 10% reduction in output

price or yield or for a 10% 
increase in input costs, the profitability

of this technical package becomes questionable for the non-mechanized
 
farmers . This difference in profitability between mechanized and non­
mechanized farmers is due to the fact that animal 
traction used on a 3
 
years millet-millet-millet rotation is not profitable (it is dominated
 
by the traditional technology) and that measuring the increase in
 
profitability between this non-profitable technology and the "groundnut­
millet-groundnut rotation with TRP" technical package inflates the
 
profitability of the latter technology. In 
sum, with respect to
 
profitability and stability, the "groundnut-millet-groundnut rotation
 
with TRP" technical package might be ranked between the "sole millet­
cowpea cropping pattern" technical package and the "millet-cowpea

intercropping" technical package in the center and plateau zones.
 

Because of its higher profitability in the southern zone than in the
 
center and plateau zones, the "sesame cultivation" technical package

stays attractive in the southern zone even for a 50% reduction in output

price or yield or for a 50% increase in input costs. In the center and
 
plateau zones, this attractiveness disappears with a 20% variation. In
 
sum, the "sesame cultivation" technical package might be ranked superior

to the other packages in the southern 
zone for both non-mechanized and
 
mechanized farmers. For the non-mechanized farmers of the center and
 
plateau zones, this package might be ranked superior to the "groundnut­
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millet-groundnut rotation with TRP" technical package but inferior to
 
the "sole millet-cowpea cropping pattern" technical package. For the
 
mechanized farmers of the center and plateau zones, this package might

be ranked inferior to the "groundnut-millet-groundnut rotation with TRP"
 
technical package but superior to the "sole millet-cowpea cropping
 
pattern" technical package. These ranks are relative to both
 
profitability and stability.
 

b) 	 On Average Returns to Labor and Marginal Returns per Man Day

for the Technical Packages.
 

As indicated by table 1.4 in annex I, with a 50% opportunity cost of
 
capital instead of a 25% opportunity cost of capital used in the base
 
line analysis, both the "sole millet-cowpea cropping pattern" and the

"millet-cowpea intercropping" technical packages increase the average
 
return to labor vis-a-vis the traditional and improved traditional
 
technologies in the northern, center and plateau zones, the former
 
package increasing the average return to labor the most. In the center
 
and plateau zones, the "groundnut-millet-groundnut" technical package

does not increase any more the average return to labor. For the
 
southern zone, only the "millet-cowpea intercropping" and the "sesame
 
cultivation" technical packages increase the average return to labor
 
vis-a-vis the traditional and improved trad'tional technologies. There,
 
in the southern zone, the "sole millet-cowpea cropping pattern"
 
technical package ranks now the lowest among the technical packages and
 
the traditional and improved traditional technologies.
 

With a 50% opportunity cost of capital instead of a 25% opportunity
 
cost of capital used in the base line analysis, some traditional
 
technologies are not dominated any more and some proposed technical
 
packages become dominated. Particularly, the traditional technology on
 
the millet-cowpea intercropping in the southern zone has now a
 
profitable marginal return per man day and supersedes the "millet-cowpea
 
cropping pactern" and the "millet-cowpea intercropping" technical
 
packages. In the same zone, the "groundnut-millet-groundnut" technical
 
package is now dominated. Only the "sesame cultivation" technical
 
package stays attractive in that zone. In the northern zone, only the

"sole 	millet-cowpea cropping pattern" technical 
package has an
 
attractive marginal return per man day. In the center and plateau
 
zones, only the "sole millet-cowpea cropping pattern" and the "sesame
 
cultivation" technical packages have an attractive marginal return per
 
man day while the "millet-cowpea intercropping" and the "groundnut­
millet-groundnut" technical packages are not attractive any more in
 
terms of marginal return per man day. In sum, only the "sole millet­
cowpea cropping pattern" technical package in the northern, center and
 
plateau zones and the "sesame cultivation" technical package in the
 
southern, center and plateau zones have an attractive marginal return
 
per man day with a 50% opportunity cost of capital.
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c) Conclusions.
 

A summary of the instability of the proposed technical packages is
 
presented on table 5.8.
 

TABLE 5.8: Instability of rates of return by technical package (1).
 

Technical packages (2)
 
Zone and Level of Technical PI P2 P3 P4
 
.....................-----------------------------------------------

Northern Zone
 

Non-mechanized - +
 
Mechanized - +
 

Central and Plateau Zones
 
Non-mechanized + ± ±
 
Mechanized ± + +
 

Southern Zone
 
Non-mechanized ± +
 
Mechanized ± +
 

.......-------------------------------------------------------------

Weighted Instability ± ± + 
.........-------------------------------------------------------------­
(1)Instability is measured in terms of the change in the marginal rate
 
of return and the marginal return per man day for a given change in the
 
prices or yields of agricultural products and in costs of purchased
 
inputs.
 
+ relatively stable. 
±.:relatively unstable.
 

highly unstable.
 
(2) P1 : "Millet-cowpea intercropping".
 

P2 : "Sole Millet-cowpea cropping pattern".
 
P3 : "Groundnut-millet-groundnut rotation".
 
P4 : "Sesame cultivation".
 

The financial profitability of the "millet-cowpea intercropping"
 
technical package is unstable when confronted with changes in prices or
 
yields and input costs. The financial profitability of the "sole
 
millet-cowpea cropping pattern", the "groundnut-millet-groundnut
 
rotation" and the "sesame cuultivatoion" technical packages are
 
relatively more stable.
 

This instability is mitigated, however, by the fact that when yields
 
from the technical packages are low, in a year of inadequate rainfall
 
for example, the prices of commodities tend to increase. However, the
 
compensatory effect of yield and price works to the advantage of
 
stability of gross farm income only if the price at the local market
 
place is determined by the local production level. Since the market of
 
coarse grain in Mopti is relatively well integrated to those in the
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southern area of the country (Bamako, Koutiala, Sikasso; see table 4.2
 
in Chapter IV), the compensatory effect might be low. This suggests

that the instability of the financial outcomes resulting from variation
 
in prices and yields stays critical and calls for the systems research
 
in the Fifth Region to study agricultural commodity markets and identify
 
what agricultural innovations could help stabilize gross farm incomes.
 

In addition, the instability induced by potential changes in costs of
 
production indicates how important it is that systems research in the
 
Fifth Region study the market for agricultural inputs, not only to
 
ensure their availability at farm level but also to reduce the costs of
 
production and distribution of inputs. For example, the initial
 
financial budgets were constructed on the basis of a gross commercial
 
mark up of 10% for the transport and distribution of inputs in the Fifth
 
Region. If this mark up could be reduced to 5% the financial
 
profitability of the proposed technical packages could be significantly
 
improved.
 

In conclusion, the sensitivity analysis for the financial budgets

of the proposed technical packages, varying prices or yields and the
 
costs of production, reveals most of the proposed packages to be
 
unstable and reinforces the viewpoint expressed in the preceding chapter

in which the research themes were presented. The achievements of
 
systems research in the Fifth Region are heavily dependent on the
 
agricultural input and product markets. It is therefore desirable that
 
systems research gives this priority.
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C. ECONOMIC ANALYSIS.
 

The economic analysis is carried out in five steps. The first
 
step consists of transforming financial budgets, which have been
 
estimated per unit area for each package and for each zone, into
 
economic budgets presented on tables H.1 to H.5 in annex H. The
 
economic budgets are expressed in CFA francs per hectare per yjr
 
(CFA/ha/year) for each technical package for each target group . Only

the increases in gross margin, costs of production and net benefits are
 
retained for the second step.
 

The second step consists of multiplying these economic results,
 
expressed in CFA/ha/year, by the annual cumulative area benefiting each
 
year from a proposed package. This area is determined for each
 
technical package and target group by applying an annual adoption rate
 
to the potentially available area. Estimates of the area potentially

available and anticipated rates of adoption for each technical package
 
and target group have been presented in the first section of this
 
chapter. The economic results of this second step are expressed in CFA
 
per year (CFA/year) for each technical package and target group. This
 
second step consequently gives rise to an annual flow of gross

incremental benefits, incremental costs of production and incremental
 
net benefits aggregated for each technical package and target group.
 
These results are given in tables J.3 to J.6 in annex J.
 

The third step consists of summing annually and individually the
 
incremental gross benefit, incremental costs of production and
 
incremental net benefits which have been estimated annually for each
 
target group and package. This step gives a flow of annual incremental
 
gross benefits, a flow of annual incremental costs of production and a
 
flow of annual incremental net benefits aggregated for all target groups
 
and proposed technical packages.
 

The fourth step consists of bringing together the results of the
 
third step with the costs of expanding the DRSPR in the Fifth Region.

This step is accomplished in table K.1 in annex K. In this table, the
 
incremental annual gross benefits accruing to farms constitute the
 
inflows, while incremental costs of production at the farm level and the
 
annual costs of expanding the DRSPR constitute the outflows. The flow
 
of annual incremental net benefits (net cash flow) is calculated by
 
subtracting the outflows from the inflows.
 

The fifth step consists of calculating three measures of the
 
economic value of expanding the DRSPR in the Fifth Region. The first
 
measure is the net present value at the chosen opportunity cost of
 

14/ As a reminder, target groups are defined according to
 
agroclimatic zone, farming system and level of technology.
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capital of 12%15. The second measure is the internal rate of return.
 
The third measure is th 6net benefit-investment ratio at the chosen
 

.
opportunity cost of 12% The value of these three measures is given
 
at the bottom of table K.1 in annex K.
 

1. Results of the Economic Analysis.
 

The results of the economic analysis of an expansion of the DRSPR
 
in the Fifth Region are summarized in table 5.9. At an opportunity cost
 
of capital of 12% the project has a net present value of $US 648,000. A
 
project's economic rate of return is the maximum rate of interest it
 
could pay if all resources were borrowed. This rate of return is
 
therefore a measure of the profitability of resources employed in the
 
project (Gittinger, 1984). The estimated economic rate of return for an
 
expansion of the DRSPR in the Fifth Region is 14%. This rate of return
 
is sufficient to cover the chosen opportunity cost of capital. However,
 
this is not a very high rate of return given the risky foundation on
 
which it is estimated. These risks relate principally to the
 
assumptions presented in the first section of this chapter, and fo'v
 
which a sensitivity analysis follows. Figure 5.2 shows graphically the
 
net present values of the project by discount rate.
 

TABLE 5.9: Economic value of the project.
 

MEASURE VALUE
 

NET PRESENT VALUE (thousands of US dollars)
 
at 10% 1696
 
at 12% 648
 
at 15% -372
 
at 20% -1216
 

INTERNAL RATE OF RETURN (%) 14
 

NET BENEFIT-INVESTMENT RATIO 1.2
 
(at a 12% opportunity cost of capital)
 

Source: Synthesis of table K.1 in annex K.
 

15/ The choice of opportunity cost has been discussed in the
 
introductory part of this chapter. Gittinger (1984) gives more
 
details.
 

16/ The significance of these measures and method of calculating
 
them has been discussed at the beginning of this chapter. Gittinger
 
(1984) gives more details.
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FIGURE 5,2: Project s Economic Value
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When compared to rates achieved by other types of investment, such 
as transport, power or water control infrastructure, a rate of 14% is 
relatively low. It is nevertheless realistic in view of the agro­
climatic, institutional and socio-economic realities in the Fifth Region 
of Mal i. 

Itmust be heavily underlined, however, that this rate of return
 
to systems research in the Fifth Region has been calculated on the basis
 
of currently available commodity research results for a difficult agro­
climatic zone, having a rainfall of only 300 to 600mm.
 

Given that the commodity research results currently available for
 
such a zone are limited in number and potential, it is not surprising

that the rate of return to systems research based on these results
 
should be equally low. However, this rate of return to systems research
 
in the Fifth Region reflects only one part of a two way flow between
 
commodity and systems research, that of results from commodity research
 
to systems research.
 

In the long run, if coordination between commodity and systems
 
research is strengthened, systems research will hopefully benefit from
 
feeding back its own results to commodity research. Moreover, given the
 
major institutional and marketing constraints in the Fifth Region it is
 
strongly recommended that systems research seek to identify the causes
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of such constraints and propose, support and encourage policy decisions
 
which could enhance the level of output and commercialization of the
 
agricultural sector. It is through strengthening the flow of
 
information from systems research to commodity researchers and policy
 
makers that the economic rate of return of expanding the DRSPR in the
 
Fifth Region could be improved.
 

The net benefit-investment ratio has been included in table 5.9
 
because it enables different projects to be ranked. It is particularly
 
useful where a donor has several possible projects to choose from. The
 
net benefit-investment ratio is estimated to be 1.2.
 

The contribution of each technical package to the economic value
 
of an expansion of the DRSPR in the Fifth Region can be estimated using
 
table K.1 in annex K. The increase in gross benefits, costs of
 
production and net benefits, aggregated across target groups, are
 
presented in table 5.10 in thousands of CFA francs and in table 5.11 in
 
thousands of US dollars. The technical package contributing the most to
 
the economic value of an extension is the "millet-cowpea intercropping"
 
(34%), followed closely by the "sesame cultivation" package (32%), then
 
the "sole millet and cowpea cropping pattern" package (24%), and finally
 
the "groundnut-millet-groundnut rotation" package (10%).
 

The low contribution of the "groundnut-millet-groundnut rotation"
 
package to the economic value of an expansion of the DRSPR is due to its
 
low financial return being attractive only to farmers in the Seno Center
 
and Plateau zones, and potential market saturation problems if greater
 
areas are cultivated in this way. It is nevertheless possible that
 
other types of rotation including a secondary cash crop can be developed
 
and tested by the DRSPR. At the present time, however, no promising
 
results for a more profitable package are available.
 

TABLE 5.10: Economic comparison of technical packages (CFA F '000)
 

INCRLASE IN (1)
 
TECHNICAL PACKAGES GROSS BENEFITS COSTS NET BENEFITS %
 
.........................--------------------------------------------­
1. "Millet-cowpea intercropping" 1374005 1005294 368712 34 

2. "Sole millet-cowpea cropping 
pattern" 

3. "Groundnut-millet-groundnut 

889204 

222745 

620989 

115252 

268215 

107493 

24 

10 

rotation" 

4. "Sesame cultivation" 494015 144532 349483 32
 

TOTAL 2979970 1886066 1093904 100
 
.........................-------------------------------------------­
(1)Based on a discount rate of 12%.
 
Source: Synthesis of tables J.3 to J.6 of annex J.
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TABLE 5.11: Economic comparison of technical packages (US $'000).
 

INCREASE IN (1)

TECHNICAL PACKAGES 
 GROSS BENEFITS COSTS NET BENEFITS %
 
....................---------------------------------------------------­
1. "Millet-cowpea iintercropping" 4580 3351 1229 
 34
 

2. "Sole millet-cowpea cropping 2964 2070 894 
 24
 
pattern"
 

3. "Groundnut-millet-groundnut 742 384 358 10
 
rotation"
 

4. "Sesame cultivation" 1647 482 1165 31
 

TOTAL 
 9933 6287 3646 100
 
....................-------------------------------------------------­
(1) Based on a discount rate of 12%.
 
Source: Synthesis of table K.1 of annex K.
 

The "sesame cultivation" package makes a solid contribution to the

economic value of expanding the DRSPR. However, the marketing and
 
export possibilities have yet to be determined. Future farming systems

research in the Fifth Region will 
need to address specifically the
 
marketing side of the development and adoption of the technical packages

to avoid market saturation problems.
 

The contribution of each recommendation domain to the economic
 
value of an expansion of the DRSPR in the Fifth Region can also be
 
estimated. Table 5.12 shows the aggregate net benefits for each
 
recomiiendation domain, and compares the contribution of each domain in

the economic value of the project. These contributions indicate those
 
recommendation domains for which systems research will 
have the largest

and most :mmediate results. Table 5.12 shows that 
itwould be the mixed
 
farmers of the Seno South, Seno Center and Plateau zones 
who would
 
contribute most to the economic value of the project if the technical
 
packages were adopted. Their contribution is estimated at 76% 
 ..the
 
economic value of the expansion.
 

The relative contribution of recommendation domains to the

economic value of an expansion is not, however, necessarily due solely

to the technical packages proposed for each of them. 
 Population and
 
area cultivated also have an effect. 
The last two columns of table 5.12

give the relative share of each r2commendation domatn in terms of
 
population and area.
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TABLE 5.12: 
 Comparison of aggregate net benefits from technical packages for each recommendation domain.
 

NET ECONOMIC BENEFITS (1). AREA POPULATION
 
RECOMMENDATION ----------------------------------------------------


DOMAIN P1 P2 P3 P4 P1 to P4 % % % 
.. .. . .. . .. .. . ..-----------------------------------------------------------------------------------

Northern non-mechanized mixed farmers 50890 31914 0 0 82804 8 16 12 

Northern mechanized mixed farmers 11859 10089 0 0 21948 2 4 3 

Center&PLat. non-mec,. mixed farmers 118442 72171 19264 37587 247464 23 20 24 

Center&PLat. mech. mixed farmers 91805 52177 26907 50626 221515 21 15 18 

Southern non-mech. mixed farmers 56171 57547 0 125946 239663 23 23 23 

Southern mechanized mixed farmers 13857 24257 0 61283 99398 9 6 6 

Northern non-mech. livestock farmers 5826 6129 0 0 11954 1 4 

Northern mechanized livestock farmers 1148 936 0 0 2084 0 0 0 

Southern non-mech. & mech. farmers 18713 41963 0 74042 134718 13 11 11 

TOTAL 366712 297182 46171 349483 1061548 100 100 100 
...........................----------------------------------------------------------------------------------­
(1) In thousands of CFA francs based on a 
discount rate of 12%. 
P1 : ",iiLet-cowpea intercropping". 
P2 : "Sole miltet-cowpea cropping pattern". 
P3 "Groundnut-miLtet-groundnut rotaticn". 
P4 "Sesame cultivation". 
Source: Synthesis of tables J.3 to J.6 of annex J. 

The mixed farmers of the Seno South and Seno Center and Plateau
 
zones account for 71% of the population and 64% of the area cultivated

in the project areas. Consequently, their contribution of 77% of the
 
economic value of an expansion of the DRSPR in the Fifth Region

represents a slightly higher proportion than the availability of factors
 
of production, i.e. labor and land, would indicate.
 

Comparison of the last three columns of table 5.12 implicitly

indicate whether the increased incomes which would result from an

expansion of the DRSPR favor some recommendation domains at the expense

of others. Although the inequality in distribution of increased incomes
 
is 
not really very great, the mixed farmers of Seno North are relatively

disadvantaged. This comparison is better visualized with the
 
presentation of the following pies on figure 5.3.
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FIGURE 5.3: 
 Share of the Project's Net Benefits by Group of Producers.
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Legend:
 

1. Northern non-mechanized mixed farmers
 
2. Northern mechanized mixed farmers
 
3. Center and Plateau non-mechanized mixed farmers
 
4. Center and Plateau mechanized mixed farmers
 
5. Southern non-mechanized mixed farmers
 
6. Southern mechanized mixed farmers
 
7. Northern non-mechanized livestock farmers
 
8. Northern mechanized livestock farmers
 
9. Southern non-mechanized and mechanized farmers
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Table 5.13 gives a clearer picture of the distribution of
 
increased incomes according to the three criteria for distinguishing

recommendation domains, i.e. agro-climatic zone, farming system and
 
level of technical. The Seno Center, Plateau and Seno South zones are
 
relatively advantaged compared to the Seno North. 
 Mixed farmers and
 
mechanized farms are also relatively advantaged.
 

All this would suggest that if the work of the DRSPR in the Fifth
 
Region is constrained by human and financial resources, and if the
 
project seeks maximum economic returns, then it should concentrate on
 
the mechanized mixed farmers in the Seno Center, Plateau and Seno South
 
zones. Such an option would, however, be to the disadvantage of other
 
recommendation domains.
 

The distribution of income within agricultural households could be
 
improved by raising the earnings of women. This could be achieved by

improving the productivity of secondary crops such as groundnut and
 
sesame. The "groundnut-millet-groundnut rotation" technical 
package

contributes 10% of the economic value of the project and the "sesame
 
cultivation" technical package contributes 32%. 
The women's incomes are
 
therefore not penalized by the project. improving the productivity of
 
the millet and cowpea crops might also raise the earnings of women since
 
they are involved in the processing and the marketing of these two
 
crops. Systems research in the Fifth Region should, therefore, study

the women's participation in marketing and intra-family income
 
distribution.
 

TABLE 5.13: 	 Comparison of the shares in aggregate net economic
 
benefits according to three criteria of stratification (1).
 

ZONE: 	 NORTH CENTER & PLATEAU SOUTH
 

Population (%) 19 42 40
 
Net Benefit (%) 11 44 46
 

FARMING SYSTEM: 	 MIXED FARMING LIVESTOCK
 

Population (%) 85 15
 
Net Benefit (%) 86 14
 

MECHANIZATION: 	 NON-MECHANIZED 
 MECHANIZED
 

Population (%) 73 27
 
Net Benefit (%) 69 31
 

(1) In percentages based on a discount rate of 12%.
 
Source: Adapted from table 5.12.
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2. Sensitivity analysis of the economic evaluation.
 

The method used for sensitivity analysis of the economic value of
 
the project is taken from Bottomley and Contant (1988). The results of
 
this sensitivity analysis are presented in tables K.2 to K.4 in annex K.
 

The variables included in the sensitivity analysis have been
 
presented in table 5.2, and are as follows:
 

analysis is primarily determined by extremes in the prices of
 

1) the increase inyields or farm gross benefits, 

2) the increase in farm costs, 

3) the rate of adoption, 

4) the adoption ceiling, 

5) the life of the innovation, 

6) the cost of the project, 

7) the success of systems research, 

8) the time needed to move from developing research themes to the 
extension stage. 

The range in values of the variables included in the sensitivity 

agricultural and livestock products in the weekly markets of the Fifth
 
Region. These extreme values are plus or minus 50% of the median value
 
used in the economic analysis. In order to identify which variables
 
have the greatest potential to render the economic value of the project
 
unstable, the range in values must be the same for each variable
 
included in the sensitivity analysis. For each sensitivity test, the
 
economic value is recalculated at a discount rate of 12%.
 

a. Sensitivity Analysis Technique.
 

The increase in gross farm benefit, the increase in farm costs and
 
the cost of the project are the easiest variables to change. Increases
 
and decreases of 10, 20, and 50% suffice.
 

To avoid numerous and tedious manipulations on every
 
recommendation domain's and technical package's adoption curve,
 
sensitivity analyses for the rate of adoption is carried out on
 
coefficients of an fiLed aggregate incremental on-farm net benefits
 
flow. The fitted aggregate incremental on-farm net benefits flow is
 
estimated by regressing the logistic function form presented under the
 
footnote 10 on the aggregate incremental on-farm net benefits flow given
 
on table K.1 in annex K (i.e., total entries - total on-farm costs).
This regression gives the fitted coefficients for the logistic function, 
i.e., the fitted aggregate incremental on-farm net benefits flow. The 
sensitivity analysis for the rate of adoption is performed by varying 
the estimated aggregate rate of acceptance 'b'on a t 10%, ± 20% and ± 
50% range, but keeping the aggregate adoption ceiling fixed at its 
initial value. For each change, the NPV at 12% discount rate is 
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recorded. This method has been chosen for its simplicity, as otherwise
 
it would have been necessary to vary each adoption coefficient for each
 
recommendation domain and technical package and smooth every adoption
 
curve to keep the initial adoption ceiling unchanged.
 

The adoption ceiling represents the maximum area on which the
 
proposed technical packages would be employed. To simplify estimation
 
of the change in area resulting from a change in the adoption ceiling,

the aggregate incremental on-farm net benefits are increased and
 
decreased by 10, 20, and 50%, starting at the inflexion point. Only for
 
the 50% decrease, the incremental on-farm net h~nPfits flnw is reaiusted
 
to keep a smooth flow.
 

The life of an innovation is the period over which it is in use
 
before being superseded by another. Given1 he current assumption that
 
an innovation has a life of 14 to 15 years , increasing or decreasing
 
this by one year represents a 7% change in longevity. One year is taken
 
as approximating a 10% variation. Similarly, a three year increase or
 
decrease in the life of the innovation represents a 20% change, and 7
 
years 50%.
 

The success of systems research is best measured by the
 
development of technical packages which can have a significant impact on
 
agricultural incomes, i.e. by an incrcase in the net benefits accruing
 
to farm households. If the increase in net benefits is small, it could
 
be said that systems research has failed to develop a technical package
 
superior to that already in use. If the increase in net benefits is
 
very large on the other hand, then systems research would have succeeded
 
in its primary task. Net incomes are increased or decreased by 10%,
 
20%, and 50% to account for the possibility of success or failures in
 
systems research. This technique is used to take account of possible
 
failures that are frequently encountered in research activities, and
 
also differs from that proposed by Bottomley and Contant (1988).
 

Finally, the time needed to move from developing research themes
 
to the extension stage can be brought forward or delayed according to
 
advances or setbacks in the proposed research program. Given that a
 
minimum of 5 to 6 years is necessary for technical packages developed
 
and tested through systems research to be passed on to pilot extension
 
(see the research program proposed in the preceding chapter), a delay or
 
advance of one year very roughly approaches a 10% variation. A delay8or
 
advance of two years approaches a 20% variation, and three years 50%
 
According to whether the first year of pilot extension is brought
 

17/ From the first year of pilot extension (year 6 or 7 of the
 
project) to the last year included in the economic analysis of the
 
project (year 20), there are 14 to 15 years.
 

18/ It is not possible to choose a better approximation if we want
 
to keep a variation of 10%, 20%, and 50% while maintaining a round
 
number of years.
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forward or delayed, so the number of years for the research program is
 
decreased or increased. In the case of a reduction in the time required
 
for the progress of a package to the pilot extension stage of one, two
 
or three years, the cost of the project is reduced accordingly and the
 
salvage value of buildings is brought forward by the same period. In
 
the case of an increase in the period to pilot extension of one, two or
 
three years, the cost of the project is increased accordingly and the
 
salvage value of the buildings is realized later.
 

b. Results of the Sensitivity Analysis.
 

Results of the sensitivity analysis of the economic value of the
 
project are given in table K.2 in annex K. This analysis shows that a
 
decrease in the adoption rate of 10% among target groups is sufficient
 
to render the project no longer economically profitable. In the event
 
that incremental gross benefits at farm level decrease by 10%, or costs
 
of production at farm level increase by 10%, the expansion of the DRSPR
 
will become barely profitable. For the other variables a change of at
 
least 20% is necessary to significantly affect the economic
 
profitability of the expansion.
 

The relative changes in the net present value achieved by an
 
expansion of the DRSPR in the Fifth Region as a result of changes in the
 
eight variables included in the sensitivity analysis are presented in
 
table K.3 in annex K. The eight variables are ranked according to their
 
impact on the project net present value in table K.4 in annex K. This
 
method of ranking is from Bottomley and Contant (1988).
 

According to this method it is the change in benefits at farm
 
level which renders the net present value most unstable. Next follow,
 
the time needed to move from developing research themes to the extension
 
stage, the change in costs at farm level and the rate of adoption. As
 
indicated in table K.3 in annex K, the other variables have a relatively
 
smaller effect on the stability of the net present value than those
 
mentioned above. Thus, the economic value of an expansion of the ORSPR
 
is highly unstable in regard to the change in gross benefits at farm
 
level, the time needed to move from developing research themes to the
 
extension stage, the change in costs at farm level and the rate of
 
adoption. The variation in the cost of the project, on the other hand,
 
has the least influence on the stability of the project's economic
 
value.
 

In the design and implementation of the systems research program

for the Fifth Region, particular attention must be given to the
 
development of economically profitable and readily adopted technical
 
packages. The economic profitability of a package can be enhanced by

developing packages that are not only financially profitable, but
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require few imported inputs and yield an exportable product19 . Adoption

of a technical package can be facilitated if the proposed package is
 
simple and financially attractive, and if the institutional and socio­
economic environment is supportive.Jt is therefore desirable that
 
systems research adopts an approach which incorporates both the micro
 
and macro aspects of the Fifth Region's problems, in order to take
 
account of all the factors which have a bearing on the economic value of
 
an expansion of the DRSPR in the Fifth Region. For example, if the
 
marketing margin for inputs in the Fifth Region were halved, the net
 
present value of an expansion of the DRSPR would increase from 648 to
 
963 thousand US dollars at an opportunity cost of 12%. The internal
 
rate of return would increase by 0.7%.
 

D. CONCLUSIONS.
 

This chapter has presented an economic analysis of the research
 
program proposed in the fourth chapter. By not including all the
 
proposed research themes, the economic analysis is partial, and does not
 
reflect all the expected benefits of an expansion of the DRSPR in the
 
Fifth Region. The research themes which were financially evaluated, and
 
subsequently included in the economic analysis, are those relating to
 
rainfed agriculture in the Fifth Region. This choice is the result of
 
the following circumstances. Firstly, the research themes that were
 
selected are based on the most accurate and promising results available.
 
Secondly, development of these themes should lead most rapidly to the
 
achievement of concrete results in terms of increased production.

Thirdly, these research themes pertain to large groups of rural
 
producers. Fourthly, these research themes are those which have
 
received most attention from the feasibility study team, given the time
 
and manpower constraints. Although the economic analysis is partial,

given the first three circumstances mentioned above this should not
 
materially affect the economic value of an expansion of the DRSPR in the
 
Fifth Region.
 

The research themes relating to rainfed agriculture have been
 
brought together in four technical packages that the DRSPR could develop
 
and expand among rural people. The four technical packages that have
 
been included in the financial and economic analysis of the expansion of
 
the DRSPR in the Fifth Region, were the following:
 

- millet-cowpea intercropping;
 

- sole millet and cowpea cropping pattern;
 

- groundnut-millet-groundnut rotation;
 

- sesame cultivation.
 

19/ By encouraging exports while decreasing imports the economic
 
value of the project is increased at a stroke because the CFA franc in
 
Mali is overvalued compared to other currencies.
 

http:supportive.Jt
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A financial analysis of each package valued the incremental gross

benefits and incremental costs of production per hectare if these
 
packages were adopted by farmers in the Fifth Region. In order to carry

out this analysis, coefficients from the results of station and
 
multilocation trials were adapted to the agro-climatic conditions of
 
farms in the Fifth Region. The prices of inputs are those actually

being charged at the present time, and the price of agricultural

products are the average annual prices observed in the Fifth Region over
 
the last two years.
 

Financial analysis of these four technical packages reveals
 
marginal rates of return of between 14 and 269% according to the
 
package, the zone and the level of technical currently used (mechanized
 
or not) by a potential adopter. The marginal return per man day ranks
 
between 411 and 5679 CFA francs (for a opportunity cost of capital of
 
25%), a figure generally higher than the present opportunity cost of
 
labor. Unprofitable or marginally profitable packages are eliminated
 
for the sensitivity analysis.
 

The financial results of most of the technical packages are unstable
 
in regard to 10 to 20% changes in prices, yields or costs of production.

This indicates that the adoption of these technical packages will be
 
difficult if the market for agricultural products and the technical
 
coefficients of the proposed packages are not stabilized. This implies

that increased production from rainfed agriculture in the Fifth Region

is cciditional upon the reliability of agricultural produce outlets and
 
the yields of technical packages.
 

The economic analysis of an expansion of the DRSPR in the Fifth
 
Region has been carried out by comparing the increase in gross benefits
 
resulting from adoption of the financially profitable technical packages

by groups of producers (defined as recommendation domains) in the Fifth
 
Region to the increase in costs of production and the cost of the
 
expansion of the DRSPR in the Fifth Region. The rates of adoption of
 
technical packages among groups of producers are determined using a
 
realistic baseline, with the important condition that a distribution
 
system for agricultural inputs is working and that market outlets can
 
absorb output at a price equivalent to the average prices recorded
 
during 1987 and 1988. For the economic analysis, financial prices have
 
been adjusted to their economic level.
 

The economic value of the expansion of he DRSPR in the Fifth
 
Region is estimated to be US $ 648,000 (194 million CFA francs at a rate
 
of exchange of 300 FCFA per 1$ US) at an opportunity cost of capital of
 
12%. The internal rate of return is estimated to be 14%. The economic
 
value of the expansion of the DRSPR is undervalued since some research
 
themes that the DRSPR might develop in addition to those estimated in
 
this economic analysis are not included in the economic value of the
 
project. Intangible effects of the project also were not included in
 
the economic value of the project. Itwas hypothesized that the most
 
important external benefits of the project would be food aid and
 
outmigration reductions.
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The net benefits resulting from adoption of the technical packages
 
are distributed more or less proportionately to the contribution of each
 
group of producers, in terms of area cultivated and labor. If the
 
expansion of the DRSPR were constrained by manpcwer or budgetary
 
resources, it would have its greatest impact on mixed farmers located in
 
the Seno Center and South zones and in the Plateau zone.
 

The distribution of net economic benefits is favorable to women 
since
 
the technical packages which would mainly affect them contribute 41% of
 
the total net economic benefits. In addition to the direct effects of
 
productivity increases of the secondary crops 
on women's earnings, some

indirect effects are likely to rise from the productivity increases of
 
the food crops, such as millet and cowpea. This should be confirmed by
 
a more detailed study on the women's participating in processing and
 
marketing and on intra-family income distribution.
 

The economic value of the expansion of the DRSPR in the Fifth Region

is highly unstable with regard to changes in incremental gross benefits,

the time needed to move from developing research themes to the extension
 
stage, costs of production and the rate of adoption. This implies that
 
the economic value of an expansion of the DRSPR is heavily dependent on
 
the technical packages developed and the socio-economic and
 
institutional environment of the Fifth Region. 
 Systems research in the

Fifth Region should therefore focus on the development of simple and
 
financially attractive packages, while taking account of the socio­
economic and institutional constraints and proposing measures for
 
enhancing production.
 

The economic value of the expansion of the DRSPR is increased when
 
the development of technical packages gives rise to incremental output

that can be exported. However, for export oriented production to be
 
financially attractive, fiscal measures are necessary in order to
 
compensate for the overvaluation of the CFA franc.
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ANNEI! A: STATISTIQUES GEIERALES DE LA CIEQUIENE REGION.
 

TABLEAU A.I. 	PLUVIONETRIE DES CHEFS LIEUX DE CERCLE DE LA REGION DE XOPTI.
 
COMPARAISON DE LA MOYENNE 1979-87 AVEC LA NOYENNE INTERANNUELLE
 
HISTOZIQUE.
 

IlMoyenne interannuelle historiquel Koyenne de la deerniere decade
 
I SECTEUIS 	 "-------------------------- 1------------------------------
I
 

,,innees Ilbre I Ibre : Annees n lbre ,
 
i Idan.- - irs. 1:-i jrs. 1
 ...... ,' - --- ..
 

llankass 11 1956-75 19 1 568.4 1 48.6:: 1979 a 1987 458.4 1 35.2 1
 

------------ 11--------- I ,- " " ------ ------ .. .. - -.- - -------... ... i --... 


I, 	 I
 
Kloro H 1961-75 141 603.1 1 37.4 H 1979 a 1987 475.9 31.8
 

!Douentza H 1926-75 49 487.1 36.9 H 1979 a 1987 335.9 29.5
 
I 

Imopti H 1926-75 49 1'9.4 52.1 11 1979 a 1987 388.4 37.2 

IDjenne :11926-75 491 598.2 42.4 1: 1979 a 1987 468.7 134.4 

liandiagara 1 1926-75 49 565.5 45 H 1979 a 1987 404.6 331 

lTenenkou ,I1951-75 1 24 415.4 131.1 H 1980 a 1987 1 375.3 128.6: 

IYouuarou - I - 1 - I - H1984, 1985, 1987 205.5 1 18 
S o cII : 
 d 	 I I 4 

Source : Rapporta Annuels de 10OMM, Kopti.
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ANNEXE A.
 

TABLEAU A.2. SUPERFICIE, POPULATION E DENSITE DE LA
 
---.------ CINQUIEFE EGION DU MALI.
 

I Cerces 1 Superficie !Populationc Dersite tIoibre d'I
 
I i (1) (2) :arrondists!
 

i~~ - --- - ---- - - ­

!Nopti 7262 243245 33 9
 
Bandiagara 1219 182869 22 8
 
Bankass 9504 155999 16 7
 
IDjenne 4561 1 126083 1 28 6
 
IDouentza 18903 150608 i 8 6:
 
IKorc 10918 211988 19: 7
 
ITenenkou 11297 1144C5 10 6
 
!iouvarou i 7139 76186 11 6
I. . . . . . . . .I. . .. . . . . .I.. . . . . . . . . .
 

(Seme region I 778C.3 1261383 i 16 55
 

Sources :(1)'Recenseient Adiinistratif et Fiscal dL 2 Kai
 

198U.Ministere de Adsiniscration Territo­
riale et d Develqptezrt a la Base. FeTLli­
que du Mali.
 

(2)'Recenseient General de IaPcplatioL et de
 
l'abitat IdL ler avril aL 14 avril I87)'.

Ministere de l'Adiinistratico Territoriale
 
et du Developpeient aiaBase. RepbHique
 
du Mali. Juillet 1987.
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A.-PDY- E111111lgD 
................... IINDEITgIINU
TISLIAUL1..SUPIRPICII,.iO¢?IOi IT 
 11PDDYl INIQUIucffION (115.1986); ................... ........:-


III 	 SUPSIICII (hal H1 PIODUCTION 1T) II 111111111 H
(T/aI
II His I ................................... if-----------------------------------II
-----------------------------11
 
II Selegion I Kli I % IISelegion Nail I legionl Mali I 11
l1se % 
.................................. I---------


II 1974/75 1 61155 137331 1 so11 72351 1 111643 I 41it 1.052 I 1.301 I 11 11
I 1915/76 1 131651 233301 1 36(1 51321 1 196036 I 


-------	 1 ------------.............-I......... 11......... I--------I ---------HI
 

26 11 0.6131 0.840 I 13 II
 
I 1916/171 105511 175448 1 60(1 166882 1 298229 1 56 11 1.512 1 1.700 I 9311 
11 1977171 1 101131 1 244162 1 4111 85049 1 303203 28 11 0.841 1 1.242 I I161 

11 1978119 1 474371 111674 1 42i1 33548 1 151293 I 21 11 0.701 1.417 1 58 I 
11 1919/00 1 11411 2125341 3611 80965 1 240111 34 11 0.916 1 0.990 I 92 11 
Il 1940181 1 60059 I 142123 1 4211 2398II 121553 1 20 11 0.399 I 0.851 41711 
II 1901/12 1 43609 I 115593 38 11 31294 1 134156 I 2311 0.718 1 1.166 I 62 1! 
II 1912/83 1 72660 1 1116214 411 152634 I1 29101 19 11 0.401 1 0.804 I 81 i
 
Ii 1903104 I 76094 1 1171311 41(1 640451 215986 I 
 3011 0.42 1.151 1 13 11 
II1984185 1 55311 1651761 34 11 4654I 109354 I 411 0.014 0.662 1 1311 
II 1915/16 1 58170 1753551 1 726151 231769 1 3111 1.237 1 1.322 11 33 9411 
II 1916/817' 69551 1 215254 1 3211 53818 1 235852 I 2311 0.174 1 1.096 I 7111
II............................................................................................i
 

II loyense I 11861 I 112556 1 10 1! 50188 I 199815 i................................................................................................
2611 0.159 I 1.106 1 6511
i
 
IICVIC) I - 241 - i 1 311 50 11 551 251 411Il............................................................................Il
 
1llendoincul I -4.0 1 
Sig. 1 -3 11 Isg. I Is. I ISig. II 111g. I Isg. I 181g. IIII.............................................................................................Ii
 

Iource :	Office Staclsttque des Counutes laropeenss Istathitique doBas Cerealos-llnvagel.
 
34141o, Ka, i.rvrer 1911.
 

TILI 1.1. 3gP11F1CIS, PIODUCTION 1?1180IID
I? DO NIL-SOZGIOO-OIO I ClIQOIIMI 11GO11 11914-1916).

II....................... 
 ......... ............ II
 

II 	 s8OPIIfIII lbal 11 PIODUCTION IT) II 111)1111? (Will I;
II -­111---............................ ...................................11.........................II
II 1 5e legion I Kall I % II Solegsion I Kll 1 % ise legioal Kali I % II 
11.............................
I.......I.....II................... I......... 1.........I I......... I I.........
 
II 19174/175 312672 961091 1 181 2119480 963918 1 29 I 0,129 1 0.996 7311
 
II 1915/16 1 1 3311 1119421 9529081
310711 9465531 19I 0.516 1 1.007 51I 
I 1976177 1 319376 1 931115 3411 0174336 26 11 0.100 1 0.931 12234271 1 
 75II
 
1I 1917/18 1 92139 1711439 1012145 I 11
239215 1 i 21 1 17 
 0.116 1 	1.096 65 11 
II 197/79 1i266420 1 1011661 1 26 I 171179 1 9492311 I 11 0,645 1 0.933 691i 
1I1979/10 1 2199718 91553 2 I 2211 82523 I 162815 1 11It 0.315 1 0.174 1 to 1
 
1 1910/81 I 216460 1 1155412 I 2511 161161 71022 1 2211 0.516 1 035 1 
 9211
 
II 1911/12 1 29461 1337018 1 2211 151922 1 999097 
 16 11 0.529 0.741 7111
 
II 192/3 I 360201 1401861 1 2611 136828 I 1010240 1 
 13 11 0,170 I 0,767 1 191
 
11 1913/14 1 223154 1 1271930 I l1l1 204195 1 1116089 I 1811 0.915 1 0.902 1 101II 
II 1910l5 1 224002 1101821 2011 95248 1 900014 1 1111 0.425 I 0.814 52 11
 
II 1915i1 1 111060 1 946671 1 2011 151679 I 1245010 I 1211 0.107 I 1.315 1 6111
 
1I 196/7 1 2214361 1262238 I 11l1 145230 I 12075701 1111 0.636 I 1,00 1 6211
 
.................................................... 
. ...................... ........ 

II1o014oe I 263713 I 1101019 I 24 if 151447 I I 0.60I I 0,903 I 6711995491 1611 

1I..................................................................................................................I1
 
II C11%)I 1 1 1 II 29I - II 16 11
II
...................................................................................................................
II
 
IlT4dAncel1l I Is. I 3.0 1 -5.7II l1g, I 5,6I -,1II ll10, I 111g.I l1lg.
II
 
II....................................................................................................................II
 

tatistlqo des Cooluu 	 hoe Claos
Sourc, : Office 	 tes luropoegues (statiltique do ,es.8hemgs),
lamako, Mall, rerlor 1911.
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TIBLIIU 1.S.LIS SUP!IFICIIS CULTIEES (911)11 NIL-SOIGHO-KIIS PM CEICLE 8NCINQUIBNE RIGI101:1979-1916.
 

:SE:TIUI 	 :19731W % :1980 (1): :1911i1 %:1912 (1):% :1913 1) 12 % :1985(2) ):31984 136 (1 

--- - - - - - - : --------- - - ....... .........-,
 ... -	 - - - - - --; . - --- --------..... ... ---. --- .....---.-

:m3;t4 35600 :12 39250 :1: 41 6 35C00 :" , 35::, :'I 35i75 330% ' 23000 1 
3aundiaara; 25GO : 8 3264i :10 12958 5 30350 :13 363 31203: 312600 : 20100:1: 
IDouetza 5110: :19 60900 ;18 4755C :20 561H0 11 49633:17 - - 361M ;!I' 
:1anass 5620" 18 6.500 19: 533 24 : 6070 :19 4802.19 59860 : 59250 49500 :21 

1 1 O : 293 :2::Djenae : 13840 .400, 1 7693 I7. 13550 422 8: - "" 
29 7315,1 . 42065 6281:1lcro 81700 30150 :., :30: 065 128 87202 30 85802 : 26 

Tenenkou 	 :16300 19940 110107: 1250 100 ; ::5 	 1 i 7 H27 4 390Youvarou - - : - : : - : :; : 

:Total 	 ; 305340 :10C: :123:241748 !100;314050 :100: 294M20 ;100: : : - : : 238450 :100:329384 


TISL1IU 1.6.?RCDUCTI01 DINIL-SOGIGO-IAIS (toanes) P11C11CLE 11CINQUIENK 1GIO : 1979-1986.
 

,SICTEUI 	 :1979i1-29 Ill :1981 :: .iI', 1981.21: 211: :198.;1910H : . :!83 , ,3:1945 	 i28 -----------..-------- ------ ---------... ...---....--.--..
.	 --- ....... ---. . .. . . .. .. . ... . . ...-­

:Ncpti U1450 19341 14 681U : 5: 310 12 14510 13 18350 : 11500 10403 :II 
:Bandiagara - 6945: 5 593 4; 2513:3 400:: 3 040 10116 4571: 5 
!Douencza : - 26000 :19 26152:11: 2438: 3 : 15660 i 6324 7 
31nkm 3140 129000 :21 36900 :26: 3860: 5 26300 :23' 26735 32050 1 31535 :3 
:Dje e : 8446: 3 8300:6 9000:12 109300 :9 - : 15000 :16 
Kero 378100 0 :36: .54 :28 : 21000 :21491 :3l 51235 41316 33000 14616 26625 
;Tenonkou 8631: 6 9000 6: 270!11 8100 7 1970 :2
:iouvirou
 

ITotal 	 ; - 139351 ;i001113690 (I00;76567 :I00:I11U 91800 11001
60 1001 


TAILIAO 1.7.8119SIT 31NIL-SORGHO-MUIS lk;/baI 	 : 1979-1986.
P11 CE8CLE I1CIX0UIENE I1GI 


:SECTIUR 	 1197941-21 :1910 1i) :1911(1) :1982 (1) :198311) 1944 (2) :1985i2) :1916(28 

I------:-------------------------------------- ------I--------- ------

Aopti I 515 1 03 M3 260 ; 414 511 348 37 
:Bandiaaral - 213 I 412 13 . .2. 37 : 310 159 
;Douentla : -27 1 550 13 : 316 175 
IBankasi 560 1 464 : 634 64 : 480 447 541 637 
:Djenne 1 115 469 382 1 450 1 1 512 
30ro 422 499 699 47 : 3179 179 1 310 1 350 
:Teneaou 1 1 433 500 319 723 I500 
:Youarou : I 
:------------ ------------- --------------------------------- ------------­
lojeone : 331 535 i 243 : 427 1 386 
------------ 8-----------------------------------------------------------------------------------------

Sources: (1)lapports Lanuuel
de laDirection de l'Operatico Nils Nopti.
 
(2)lapports Inasels des Secteurs deDeveloppmeat lural Oil. 
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ANNEXE A.
 

TABLEAU A.S. 
 LE CHEPTEL BOVIN, OVIN ET CAPRIN E 5eie REGION (1977-1987).
 

I----- - - -

ANNEES 
 BOVINS OVINS - CAPRINS

Si ..... H 

... ... 
III .. . . . . . . . . . . .II . . . . . . . . . . . . . . .
 

: -----------------


5e Pecinn Kali % :H5e Region Kali 
I
 

1977 1320589 4536747 
---

29:: 2024000 8532002 24
 
1978 954000 1 4603000 21 ; 15530r0 8652000 is "
 

II 

1979 1028000 4665000 22 H 2158000 9933000 22 1:
 
1980 1426000 5850000 24 : 2548000 11587000 22 I
 

H 1981 1 1539000 6396000 24 : 2384000 12393000 19 :1
 
H 1982 1 1789000 6663000 1 27 : 2505000 : 12437000 20:
 

1983 : 1352000 5676000 24 : 2264000 11244000 20::
 
H 1984 1249000 7137000 182 2130000 10382000 21 ::
 
II 1985 852000 4344000 20 : 1955000 12553000: 16 :1
 
!i 1986 886000 1 4475000 20 :: 2014000 10340000 19 ::
 
i 1987 91;400 4600000 : 20 :: 2316000 11000000 21 H1
 
:!-------------------------------------------------


II Noyenne : 1210199 : 5358704 23 ::
: 2168273 : 10823000 : 20: 
11-----------------------------------------------------------
II CV( ) : 24 18i: 15 :: 12 : 12 ; !0 

Source : Office Statistique des Coisunautes EuropeennEs (Statistique
 
de Base Cereales - Elevage). Baiako, Kali. Fevrier 1988.
 

1A
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TABLEAU A.9. LE CBEPTEL BOVII PAR CERCLE DE LA 5eae REGION :1977-1986.
 

I
 
1JCERCLES 1 197 1 1978 19795 1980 1981 1982 1983 1984 1985 1 1986 11
 
H ----- ---- I-------------:---------
---- I--------	 ----- I--------:---------:
liMopti 1197975 12330CC 191000 I240000 250000 i 233000 239000 22900C :I5coo 183000 H
 
IDjenne I242971 75000 189000 1 90000 1100000 1 350000 10000C 1 99000 :80000 1 86000 :(
 
Tenenkou 2 173000 207000 I 211000 199000 144000 11
249720 181000 1202000 211000 140000 


IYouwarou I - - - 132000 150000 I 175000 : 160000 147000 120000 1 122000 "
 
III
 

IDELTA :69066E : 48100 ! 461000 : 664000 :77000: 969000 : 71000 : 674001 :485000 : 535000 1 
I 	 9 II 

SBandiagarn 95613 1 91000 98001 980C0 115000 115000 60000 55C000 47000 47000 , 
IDouettza 238471 :175000 175000 230000 242000 250100 230000 202100 :100000 100000 1 
Bankass I 106162 100000 114000 250100 : 290000: 2780CC 192000 121000 :130000 : 125100 : 

:Koro :188977 100000 1800001I 00 185000 11815000 : 160000 137000 :9000C 79001 H 

:SEIn/PLIT. : 629923 :473000 ! 56700C 1 762000 : 832000 : 820C00 : 642000 : 575000 1367000 : 351000 :
 

I
I 	 9 I 9 

1:5e REGION i13,0589 954100 :1028000 :1426000 :1539000 :1"890 1521000: 1249000 :852000 : 88600 

Source : 	Office Statistique des Cozzunautes Europeennes : Statistique de Base Cereales-Elevage.
 
Bamakc, Fevrier 1988.
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ANREXE A.
 

TABLEAU A.10. LE CBEPTEL OVIN-CAPRIN PAR CERCLE DE LA 5eie REGION : 1978-1986.
 

CERCLES 1978 1979 198C 1981 1 1912 1983 1984 1985 1986 
I 

1 
. .-

lMopti 
. .--------

216000 
.- -

72800C 
--------

230000 
- -

150000 200000 
.... ......... .--.-- - -. 
239000 240000 

......... 

22000 
. 

233000 
!Djenne 143000 151000 700000 8000C 120000 1 80000 110000 90000 90000 
!Tenenkou :201000 202000 109000 109000 115000 115000 110000 100000 100000 
!Youvarou - 874000 650000 600000 600000 600000 550000 500000 
I . . . . . . . . . . I. . . . . . . . . I . . . . . . . . .. . i. . . . . 

IDELTA :560000 1081000 :1913000 989000 1035000 1034000 1060000 960000 923000 i
 

lBandiagara :270000 286000 :270000 1275000 :275000: 200000 : 200000 : 190000 210000 
!Douentza :289000 306000 :350000 : 385000 : 500000 475000 470000 1 450000 477000 
lankass : 184000 185000 :280000 370000 : 330000 : 335000 : 180000 : 150000 : 204000 
:Kcro 250000 : 300000 : 365000 : 365000 :365000 : 220000 : 220000 ! 205000 1 200000 

: ----------------------------------------------------------------------------­
:SENO/PLAT. :993000 :1077000 :1265000 ;1395000 :1470030 1 1230000 1070000 : 995000 : 1091000
 
I. 

15e REGION 11553000 :2158000 :2548000 12384000 12505000 2264000 :2130000 1955000 2014000
 

Source :	Office Statistique des Coniunautes Europeennes : Statistique de Base
 
Cereales-Elevage. Banako, Fevrier 1988.
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ANNEXE A.
 

TABLEAU A.11. 	 EVOLUTION DE L'EXPORTATION (1)
 
CONTROLEE DU BETAIL SUR PIED
 

---------------------------------------- I
 
Annees Bovins i Ovins- i 

I Caprins i 
------------------------------------- I 

1980 23357 I 66597 I 
1981 18058 I 66247 1 
1982 9587 1 31084 1 
1983 22704 I 29737 I 
1984 21399 1 30895 I 
1985 14383 1 57797 1 
1986 11979 1 45110 I 

--------------------------------------- I 
(1) Pour la Cote d'Ivoire, ie Ghana,
 

le Burkina Faso et le Liberia.
 

Source : Rapports annuels de I'ODEM, Mopti.
 



-- 
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AXNIXE 	 A. 

TABLEAU A.12. EVOLUTION DE LA CONMERCIALISATION DU
 
----------- POISSON FUME ET SEC.
 

Annees Exportatic 1 Interieur Total
 
I- I------------- Coi ercialise:
 
ITonnes % Tonnes % (Tonne)
 

1970 1 5148 1461 6048 154 
 11196

1971 	 1 3868 4975 :56
44 88431
 
1972 2850 361 5005 164 
 7855:
 
1973 1504 1291 
 3719 71 5223: 
1974 988 28 2586 72 3574: 
1975 1 2M 7 37 4798 	 63 7635:
 
1976 2747 50 70
6329 9G76
 
1977 1952 25 5754 175 7706
 
1978 1321 23 4538 
 77: 5859
 

1 1979 1954 27 5204 73 
 7158:
 
1980 2113 24 6754 76 
 8867:
 
1981 	 1 1237 
 22: 4363 78 56001
 
1982 1270 
 24 966 :76 5236
 

1 	1983 543 17 2590 83: 3133
 
1984 399 20 80
1596 1995
 
1985 376 1518 :80
201 	 1894
 
1986 796 22 2862 78 3658
 

Note :	De 1970 a 1976 pour l'enseible de I'OPM.
 
De 1977 a 1986 pour uniqueient le port de Mopti.
 

Source 	: Rapports annuels de I'OPM, Mopti.
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ANNEIB B.
 

TABLEAU B.I.LES HUITS REGIONS NATURELLES EN 5eREGION REGROUPEES ENTROIS ZONES NATURELLES.
 

I -- --- -- -- - --- -- --- --- --- --- -- -­

1 Superficle 1 Population Denst 1
1 Rigions Naturelles Caract~ristiques Principales I Zones 


1 INaturelles lki2)(a) (b) bbts/kW2l
 

!Nord Delta Lacs perianents-Zone inondablel
 

(BasDelta) Iliite-Elevage transnuaant etl
 

:culture de dlcrue.
 

Zone inondable inportante-Ele-l
 

Il(oyen Delta) lvagetranshunant - iiziculturel 

!Centre Del'a 


i
 

I letculture sdche. i i
 
I i 

!SudDelta lZone inondable iaportante- !DELTAII) 135.889(46%) 606.011(48%)I 17 

l(Haut Delta) llportarce de lariziculture 2 

lc6tId'.laculture slcbe et l
 

exondle proche duDelta- 1
 

(Bord du Haut Delta)lcorrespond Ilazoned'attentel 

Ipour leatranshunants-Rizicul-I 

Iture. I 

Guest Delta :Zone 


Culture sche etpiche. 


i -------------------------------------------------------


Sud Gouria :PLAINE:Zoneexond~e-Elevage-Culture 
Isicheetenmares. 1du SENO 
iI et 

IS6no-Mango 
I 
S1l 

!Zone exondte trdssableuse- 1 SUD­
lElevage-Culture extensive de IGOURNA 

etniWbl. (2) 
133695(43%) 472.503137%)) 14 

I 

I iiI 

ISno-Goodo1 
!Zone exond~e-Culture de milet nilbU. 

r
I I 

IPlateau Dogon lFaible disponibilht6 enterres PLATEAU : i
 

:12.869115%)I 22
Icultuvables. Culture intensive: DOGON !8219 (11%) 


Ideniletnaralchage. ; 13) :
 

I-------------------------------------------------------------------I
 
: 7780310%)I12613831I00%: 16
1a Cinquoime Rigion 

(1)Cercles deMopto, Denn , Tkn~nkou, Youwarou et lesarrondussements de Bort etNGoua du
 

cercle deDouentza.
 
Douentza Central
 

du cercle de Douentza.
 
(2)Cercles de Bankass, Koro etlenarrondinsesents de Boni, Mondoro, Holmbori, 


(3)Cercle de Bandnagara.
 

Sources :	Tableau inspir6 de 'Contribution l'tude des aspects 6cologuquen, sociaux et techniques
 

de quelques syscOmes deproduction en50me Itgion'. Division des Etudes Techniques.
 

Institut d'Economie Rurale. Octobre 1978.Bamako.
 

Cbiffres ralculln A partir de :
 

1a)'lecensenent AdmnnistraLit etFiscal du2 Mai 1986'. Ministdre de l'Administration
 

Territoriale etduDveloppeaent A laBase. RHpublique duMali.
 

(b)'Recenjenent G~n~ral de laPopulation etde l'Habitat (du lerau14Avril)'. MiniatUre
 

de l'Admninstration Terrutoriale etdu Dveloppenent A laBase. Rtpublique duMali.
 

Juillet 1987.
 

I 
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INNEXE B.
 

TABLEAU B.2. LES ZONIS AGROPEDOCLIKATIQUES DU DELTA
 
INTERIEUR DU NIGER E CIXQUIEKE REGION.
 

I----------------------------------------------------------------------------­
1 Zoncs Liiites adainistratives Superficies ()! Population (2)1Densite 

I approxisatives-
Sk12 

------------------------------
; t l~ffectifs: % 

(bab/k&2) 

.. .. . .. . . . . . . . . . . I. . . . . I i . . 

IZone I 
I DELTA-

lCercle de Youarou, 
larrondissements de 

I I 

NORD lSendegue et Korientze 14009 39 1 148411 I 25 11 
l(cercle de Kopti) et I I 
larrondisseients de Bore
 
let 1'Gouxa (cercle de
 
IDouentza) 
 I
 

I-­
: -----------------------------------------------

Zone II Arrondissement de Dioural
 
1 DELTA- (Cercle de Tenenkou) 4246 1 12 1 13396 2 3
 

OUEST 

Ii..--....---------------­ . . 

IZone III Cercle de Hopti loins I 

I DELTA arrondisseients de Sen- 5187 14 201199 1 33 39 1
 
CENTRAL degue, Korientze, Soye , ,
 

i --------------------------­

lCercle de Tenenkou moins : i 
I 

larrodissesents de Dioura, 6161 1 17 89525 15 15 1
 
:et Diafarabe
 

Total Zone I1 I 11348 31 290724 48 26 1 
........- I.
 

Zone IV lCercle de Djenne, I
 
!DELTA SUDlarrondissesents de Soye 6286 153480
18 25 25 1
 
, Icercle de Kopti) et 
 i
 
i :Diafarabe (cercle de I
 
IITenenkou)
 

I DELTA ICercles de Kopti, Djenne,l I 
i lTenenkou, Youiarou, 1 35889 1100 1 606011 :100 1 17 1 
, :arondisseaents de Bore I I 
, let N'Gouia (cercle de 
, IDouentza) I I 
I---------------------------------------

I
 

Sources : I1)	Recenseient idiinistratif et fiscal du 2 gal 1986, Kinistere
 
de l'Administration Territoriale et du Developpement 
a la Base.
 

(2)Recensement General de la Population et de l'Babitat du ler au
 
14 avril 1987. Ministere de l'Adiinistration Territoriale et du
 
Developpement a la Base.
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TILAD 5.3. POTRNTIEL DIPRIUCTION DES ZONIS AGIOPEDOCLIATIQES DODELTA IVTREIEUE DUNIGER IfCINQUIEI REGION.
 

Zones Plviosetrietl)l Tjpes de sols etleurs Facteurs liaitants(21 ;Activites essentielles(2): Pression 

lLongueur saisonl carateristiques (2) kgricolel2) 
iagricole(21 : i 
--------- I-------------- ------------- I-------I--------------------­

lZone I 200-300 u Zones tortes et/ou aplanies a :Temperatures elevees. :Essentielleient elevage. nenne a forte 
DELTA- I :i'ouest delogo ecGatielouaoulaible pluvicietrie. :Peche dans leslacs. lautour des ldcs etl 

oID (5-45 irs !Terrains peaprofonds(O-50 cal;Terrains bydrokcrpbes Ral:Culture de decrue :desPlaines rizi-
ILacset mares iaportants :draines etsouvent sales : :coles cua decrue 

Idanslesbassins des lacs '150-75}. Ailleurs; 
I :lapression est 

I isaisonniere 
I I I I 

Zone II 200-450 sn lunes aplanies a plaines sa- Faible plnvionetrie. :Cultures pluviale; (iil- lNulle a fiible auI
 

ELTA- Ibleusea aunord de ioura. Erosion eolienne aunord :sorgho, araebide, toniol.inord et a l'ouest 1
 
OUEST 145-90 ers) lanes liaono-sableuses a .,jentaire :dans leResa
Elevage et 


argiles ausud,argileuses su;transhunant zone ;Dioura (0-30t( 
1sudde Dioura (vertisols id'attente. Jaible a aoyenne 

:4otinantsl. I lautour deDioura 

:Sololenneaent profond (30-5Uel 
1 (50-100 cIO 

:UnneIII 300-500 n ;Terrains inondes (50-70) Pluvionetrie deplus en :Riziculture (controlee et;Forte autour des 
DELTA I lizono-argileuses a taible :natorellel. :casiers rizicoleslaines lplus 

CENTRAL (45-90 jrs) Isablo-argileuses. I Cultures pluiiales. Peche: (50-75%}
 

ISolprofond (50-100 cal. Naraichage. :Noyenne sur les
 EBlevage. 
ITerrains bydrosorphes lO-30 plaines eaploitees: 
Idansletbat-foods du Niger ienculture seche I 
letBani. (30-50%) 
I I
 

. --.------------- ----- I -----------------­: ..........................-------------------------

ZZone IT i 350-600 u :Terrains inondables isportants:Peu de contraintes sur :liziculture (controlee et:Koenne A forte I 
:DILTI SOIl Plaines lianno-argileuses et :les solsnais lescrues ;naturelle). i 

((90-120 jrs)largileuses. :dulani sont de olus en :Cultures pluviales. Pechel I50-7 tI 
I Sl profond () I00 ca). (plus faibles Elevage. Knraichage. 

I ITerrains hydroorpbes i5-10)I 

Sources (1)leleves pluvicietriques de lOIN et de 1'011.
 
(2)Inspire da PIRT 1913, 1916et1987.
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TABLEAU B.4.LESZONES AGROPEDOCLIMATIQUES DE LAPLAINE fU SENO ST DES TERRES CULTIVABLES DU PLATEAU DE AMDIAGAA.
 

I---------------------------------------------------------------------------


IZonelLiautes Administratives 1 Classes de sol 1 Aptitudes des terres I Pluviomstrie lPression agricole(2}1 
I (larroadissement) I I 1 1977-1986 1Densiti depopul. 

I I I I (ail) I Ibab/kn2I 

fIDiankabou-Ouest,Madougoul Dunes nortes ITrds faible potentuel. 300- 600 1 Excessive 
IlOuest,Dourou-Est, lopo- 1Sdrieuses leimtations cliaa- 1 1 )/ 01 
lroia-Ouest, lani-Bonzon I Itiques et du d~veloppesent I I 

1IEstlankass central-Ouestl Iradiculaire. I I
 
I iallassagou Ouest,Sokou-I IMB : Etroite bande de terres I
 

I IraOuest, Ouenkoro Ouesc,l Ifertiles entre latalaise etI
 
1Sgusq I dunes iortes. I I
Est, Wo Est. lies 


lDiankabou Est, I Dunes aplanues lFalble potentLel. i 300 - 400 1 Tris blev~e 
2 :Dioungani, I lTris srieuses lizutaLons 1 5 - 15 

3010IDlinanqourou. I I Iiclitatiques.

I I I I I II
 

I---------------------------------------------------------------------------------------I
 
1 3 DXoro lPotentiel noyen 11). 1 400- 450 1 Excessive
Central Nord, Dopo- I Plaune liono-

ICEN-lrola, Hadougou, Goundaka,l sableuse ITris sdrieuses Imitations 1 1 30 - 50
 
TE lWo en partie. I Iclmatiques. I
 
1171- I I I
 
PLO-I I I
 

ITEAUI I I
 

1 4 !Torol, Koro central Sud,:Dunes aplanies :Potentiel oyen. 1 450- 600 I Excessive
 
I Ilbankas ITris s3rieuses limitations 1 1 20 -40
central, lani-Bon-I 
1SUDlionEst,Diallassagou EstI Iclimatiques et par endroit I I 

1Sokoura Est,Ouenkoro l Id'bydromorpbie. Il 
I lCentre. I I I I 

I -----------------------------------------------------------------------
 I 
1 5 lBaye, IPlaine linoneuse lPotentiel trismaoyen. 1 500-650 I Moyenne
I lOuenkoro Est. ITris sodrieuses I 5 10I limitations 1 -

I I Iclmatiques etd'bydronorpbiel I 
I I I I I I 

16 l6andiagara, Plaine litono-sa- !Potentuel noyen. 1 300- 450 1 Excessive 
I Ilendie. peu I I 20- 30Ibleuse Isols lTrds srieuses liilations 
1 1 Iprolonds e'bydro-lclimatiques, du d~veloppement II 

I Imorphes). Iradiculaire etd'bydromorpbiel I 
I-------------------------------------------------------------------------------------------------­
17 I Douentna Central, Bou I I 1 200-400 I 

IHonbori, Mondoro I I I I 

I1)Haut potentiel avec des limitaons clinatiques moyennes autour deKoporola.
 
(2)Excessive : Toutes leacultures arables soot saus cultures maisaussiquelques terres non-arables.
 

Trio ilevde :Laquasi totalitl des terres urables peuvent Otre saus culture.
 
Moyenne :Jusqu'i 50%des terres arables peuvent Itre actuellement saus culture.
 

Source :Selon tecbnlque de zonage Ipartur des donn~es du PIRT et de I'OMM.
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ANNEXE B.
 

TABLEAU B.5. Classification des systhies de production rurale et l'activit6 de la p~che dans le Delta.
 

i1.Systh.e de production rurale. {Delta Sud! Delta Centre 1 Delta Ouest 1 Delta Nord
 
S----------------------------------------------------------------------------------------------------------------

A)	Systhme agro-pastoral:
 

- Sous-systhie des cultures pluviales +f+ 
 +4 +
 

I 	 I 
-	 Sous-systhie des cultures inond~es i 
 I 

.en subiersion libre 1 +44 +4 + 
en subiersion contr~l~e ++ +M 1 

.en P.P.l.V + I +
 

-	 Sous-systh.e des cuitures de dicrue i 1 +4
 

- Les agro-p~cheurs 

B)Systhe pastoral: 

- Sous-systhae nomade +
4 

- sous-systhue transhumant 	 ++ +4 ++ +4 

I-------------------------------------------------------------------------------------------------------------------------­

12.ActivitO de la p~che: 

-Type nomade + + ++
 

-type sei-nomade + 4 	 ++ 



-----------------------------------------------------------------------------------------------------------
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ANNEXE B.
 

TABLEAU B.6. LES SYSTENES DE PRODUCTION IDENTIFIES POUR LA PLAINE DU SENO ET
 

LES PLAINES CULTIVABLES DU PLATEAU DE BANDIAGARA.
 

I
ISysthe Groupe de ISituation I Ptdo- fPluvioattrielAccs aux I Pression I
I Iproducteurs {GQographiqueI morphologie I (mi) IMarcHbs lagricole (Ml
 

I----------------------------------------------------------------------------------------------------------- I

lAgropastoral I I INord Dunes aplanies! 300-400 1Enclave ITr s flevte I 
I (Dogon) I I I I I I I 

I-----------------------------------------------------------------------------------------

I II lCentre et IPlaine limono-) 400-450 WDsenclavtl Excessive 
i 
I 

Plateau 1 sableuse i i i I 
S..-------------------------------------------------------------------------------
I 	 Ill ISud !Dunes aplanies! 450-650 1Enclav6 1Excessive 

I 

I Pastoral IV Nord !Dunes aplanies: 300-400 1Enclavy ITr s fIeve 
I
 

I (Peul) i i i , I
 
Ii------------------------------------------------------------------------------------------

, V ISud !Dunes aplaniesl 450-600 1EnclavO 1Excessive I
:
 

II 	 I I I 
I . . . . .	 . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . 

(l)Selon le PIRT, 1986:
 
Trs flevte La quasi totalitt des terres peuvent ftre sous culture.
 
Excessive Toutes les cultures arables sont sous cultures iais aussi
 

quelques terres non-arables.
 

Sources :	Enqufte informelle. Projet IER-USAID-MSU. Dernifre decade du iois
 
d'ao0t 1987.
 

/1,11
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ANIEXE C: TESTS DU PIT SUR DEUX ROTATIONS TRIENNALES.
 

1.RESULTATS 	AGRCNONIQUES DE LA PREMIERE SERIE DE TESTS (1979-81).
 

TABLEAU C.I. 	RESULTATS AGRONOMIQUES DES TESTS DE PHOSPHATE DE TIL2MSI EN
 
PREMIERE ANNEE (1979).
 

H Sites Pluvioietrie: Rendeient en kgqha
 
1utile (m) 1 .......................................
 

' Aracbide lAracbide 1 Nil Nil H 
H :avec PAT 1sans PAT :avec PIT :sans PIT H 

H -----------------------------------------------­
UTanoua-Iby 198 : 731 1 657 1 50 86 i 
::Ourokorolim 1 386 1 907 1 653 1189 1 375 1 
:: ---------------------------------------------------------------- I 

Noyenne du Centre 1 292 : 819 i 655 i 619 : 230 
I--------------------------------------------------I 
H(Sokoro 1 445 i 856 : 584 : 1133 7783 ,H 
1 ............... .................................. # 
Ij 

IlMoyenne du Sud 
I( 

445 i 
I 

856 
I 

584 1 
I 

1133 1 
I 

783 
"I 

Source : SAFGRAD, Rapport innuel 1979, Banako. 

TABLEAU C.2. 	RESULTATS AGRONONIQUES DES TESTS DE PHOSPHATE DE TILEMSI EN
 
DEUXIENE ANNEE (1980).
 

i Sites Pluviometriel Rendement en kg/ba 
I utile (ma) 1--------------------------------------- 1 

NMilavec !Nil sans NNil NMil H 

II PIT A ( PNT I lavec PST Isans PAT 1 

IlTanoua-Iby 442 I 1094 i 352 909 i 281 H
 
HOurokorolim 373 1 1385 518 845 : 480 H
 

H ------------------------------------------------ H
 
HNoy. Seno Centre : 408 i 1239 : 435 1 877 : 380 1
 
:: -------------------------------------------------­

hlSokoro 1 402 1 1037 1 842 10111 : 614 H 
H --------------------------------------------------------- :
 
HNoy. Seno Sud i 102 : 1037 842 1 1011 1 614 i
 
H I iI I
 

I : Nil venant apres armcbide.
 

Source : SAFGVAD, Rapport Annul 1980, Bamako. 
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ANNEZE C.
 

TABLEAU C.3. ESULTATS AGRORONIQUES DES TESTS DE PHOSPHATE DE TILENSI EN
 
TROISIENE ANNEE (1981).
 

H ------------------------------------------------------------

Sites :Pluvioletrie! Rendement en kg/ba
 

II utile (ai)--------------------------------------­: 

,, I tAracbide 1Arachide : Mil Nil 
I I :avec PIT isans PIT lavec PIT isans PFT H 

UlTanoua-lby 
 i 292 I 419 i 186 405 1 236 HI
 
1lOurokorolia i 419 1 161 
 424 i 933 1 867 H1
 

I----------------------------------------------H
 
HKoy. Seno Centre I 356 ; 
 441 ; 305 ! 669 : 551 i:
 
H ------------------------------------------------

ISokcro 
 1 
 482 : 264 ; 209 i 800 i 158
 
i! ------------------------------------------------

ANoy. Seno Sud 482 264 209 o800 158 
II
 

Source : SAFGIAD, Rapport Annuel 1981, Baiako.
 

oil 
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ANNEXE C. 

2.RESULTATS 	AGRONONIQUES DE LA DEUXIEME SERIE DE TESTS (1980-82).
 

TABLEAU C.4. 	RESULTATS AGPONONIQUES DES TESTS DE PHOSPHATE DE TILEMSI EN
 
PREMIERE AMREE (1980).
 

II-----------------------------------------------------­
i Sites !Pluviometrie Rendeaent en kg/ha 1
 

I utile (1) 1---------------------------------------- :1 
i I m) :Arachide :Aracbide I Mil 4iI 

I PIT isans PIT (avec PIT isans PNT :Iavec 


iI 

MDiaabadougou 
 468 i 425 : 775 1 770 : 389 I 
1Doundoun 469 i 926 I 666 : 749 i 618 i
 
:Piron 	 508 : 848 1 699 1 1331 : 979 K
 

ii . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Moyenne du Plateaul 482 : 1066 : 713 : 950 : 662 : 
ii ------------------------------------------------

Diankabou - i 1082 : 949 614 275 
!Dioungani 1 434: 370 1 311 1440 928: 

::-----------------------------------------------­

::Moy. Seno ford 
II. 

434 : 1082 1 949 1 1027 ; 611 

::Diouon 	 315 1 255 213 1 285 
: 294 K 
M(Bavema 1 355 370 1 351 : 531 214 H 
Hourokoun i 443 231 (M) 256 (N)1 1030 835 K 
:!GoaossagoL 258 494 376 : 753 640 K 
loporo-Pen 1 561 101 (N) 104 (N)1 755 1 253 1
 

HSooossin 288 352 (W) 197 (W) 598 554'
 
Tere i 575 620 696 602 656 H
 

KDangateme 389 111 (1) 7 (M) 1312: 1363 K
 
:!-------------------------------------------------


K1oy. Seno Centre : 398 1 434 : 409 i 733 : 6011
 
. ------------------------------------------------------------------
 II
I,

Toroly 1 495 : 74 : 59 : 928 ! 864 " 
Messagou I 336 : 524 1 524 : 1242 : 480 :1 
1:--------------------------------------------------


:
 

Moy. Seno Sud 416 1 299: 291 1085 : 672 ::
 
itIIIII I I 

N = Niebe
 
W : Wandzou
 
(I)Selon Rapports Annuels de 'OWM.
 

Source : SAFGRAD, Rapport Annuel 1980, Bamako.
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AINEXE C. 

TABLEAU C.5. 	RESULTATS AGRONOMIQUES DES TESTS DE PHOSPHATE DE TILEKSI El
 
DEUXIEKE ANNEE (1981).
 

.. .. .. .. .. .. .. .. .. .. ----- --- -----------

Sites !Pluvioietrie: Rendeaent en kg/ha
 

H. .. .. .. 	 - .. .. .. .. .. .. -- -- ....--


- utile (1) : ....---------------------------- I 
I(ii) 	 !Nil avec !Nil sans : Nil Nil H 
II1 PIT I PNT * :avec PNT :sans PNT 

HDiaabadougou 200 370 i 183 1 179 i 
 113 Hi
 
Doundoun 241 113 54 99 : 41 i:
 

HPiron I 284 i 483 273 205 1 11
127 

i:---------------------------------------------­
!HNoyenne du Plateau! 242 I 322 : 170 1 161 1 94 H
 
I --------------------------------------------------------------------

IDiankabou 355 : 502 : 399 1 645 1 460 H
 
IDioungani 206 i 451 i 354 i 362 ; 88 iH
 
I--------------------------------------------------------------------

HAoyenne du lord 1 281 : 476 1 376 : 336 1 183
 
::-------------------------------------------------


IDiozcn 
 341 729 638 768 762 H
 
:Baveia 
 346 720 474 332 122
 
HOurokoun 302 894 1 619 532 
 307
 
IlGomossagou 1 0 149 157 139 121 H
 
MKoporo-Pen 264 691 405 626 362 H
 
1ISogossin i 362 785 1 555 639 416 H
 
1ITere 509 501 484 475 345 
 1
 
!lDangateme 305 987 1 961 819 ! 
 801H
 
II -------------------------------------------------------- --

(Noyenne du 	Centre : 358 : 6821 537 : 541 : 404 ii 

H ----------------------------------------------------------
1
 
11Toroly i 444 i 659 : 633 1 621 i 467 1
 
MLessagou 1 450 1 713 I 508 : 755 : 456 H
 
1:----------------------------------------------1
 
HNoyeane du Sud i 447 686 1 570 688 461 H
II 
 I 	 I I I I II
 

I : Nil venant apres arachide.
 

Source : SAFGRAD, Rapport Annuel 1981, Baiako.
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AINEXE C.
 

TABLEAU C.6. 	 RESULTATS AGROIOHIQUES DES TESTS DE
 
PHOSATE DE TILEMSI SUR ARACHIDE
 
INTROISIENE ANNEE 1982).
 

I---------------------------------------------II
 
Sites 1PluvioietrielRendeient en kg/ha 


utile (1 ) 1......
 

I 	 (1) :Arachide :Arachide 
I 	 I lavec PIT sans PIT H 

HPiron 1 115 1 193 1 90 H 
I--------------------------------------------------- 1 
IMoyenne du Plateau! 185 1 193 : 90 H 
!I--------------...------------------------.-------- i 
::Diankabou 
 i 240 414 : 377 H
 
::----------------------------------­

:IMolenne du lord 1 240 i 414 : 377
 
:1 ---- -- - - -	 - - - - -

IDioaon i 300 99 59 H 
IBaveia 129 422 333 H 
:Ourokoun 274 278 181 H 
:Sogossin 284 170 171 H
 

HTere 410 274 1 74
 
Dangatese 293 226 344 H
 

!:-----------------------------------ii 

HMoy. Seao Centre : 281 : 245 : 227 H:
 
1: ------ - - -	 - - - - - - - - - - -

HToroly 268 237 1 75 H 
Lessagou ( 233 : 178 : 84 H 

I:-----------------------------------------I 
fl!oy. Seno Sud 250 : 207 79 : 

II( I , , 

Source :SkFGZAD, Rapport Anouel 1982, Baiaku.
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TABLEAU C.7. 	 RESULTATS AGRONONIQUES DES TESTS DE
 
PHOSPHATE DE TILEMSI SUR NIL El
 
TROISIENE ANNEE (1982).
 

I I.I 

Sites Pluvioietrie:Rendeient en kg/ba H 
utile (1) ! ------------------ I 

IIi 
 Nil Nil i
 

,avec PIT :sans PNT H
 
II.
 

S,,Di 	 166 211 i 93 1
a,badougou 

HDoundoun i 106 211 101
 
IPiron 185 251 ! 230 H
 

Il~oyenue du Plateau: 152 i 224 141 H 

:Diankabou 240 i 348 : 274 
:Dioungani i 209 : 532 i 526 H 
i ------------------------------------------------ :: 
HMoyenne du lord 1 224 ! 440 : 400 
II-----------------------------------

: 

!Diomon 300 685 415 H 
lBavela 129 837 133 : 

HOurokoun 274 736 488 ! 
IGonossagou 367 192 141 H 
:Ioporo-Pen 175 229 38H 
!!Sogossin i 284 i 322 : 264 
(Tere 1 410 304 274 
:!Dangateie 293 599 657 : 

!i ---------------------------------- : 

1 Noyenne du Centre : 279 : 488 ! 301 

:IToroly i 250 : 407 252
 
Messagou I 233 1 186 : 71:
 

.H.. - - . - -. - - - - .- .. -
H - ..- - - . -.. . - . .. - . - . - - . - ..- ----. . .
 

Hloyenne du Sud : 241 i 296 i 161
 

II 


Source : SIFGIAD, Rapport Annuel 1982, Banako.
 

I 
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AINEXE D: TEMPS DE TRAVAUX DES OPERATIONS CULTURALES.
 

TABLEAU DI: TEMPS DE TRAVAUX DES OPERATIONS CULTURALES DE L'ASSOCIATION NIL-NIEBE (Revue de la literature).
 

REFEFENCE: COHEN DPE SHULMAN 
 VALLEE 	 BA
 

DESCRIP7IN DE L'UP:
 
Pqrtlatic: de I'UP 8.0 II.C 22.6
 
Ibre d'actifs 5.8 6.0 12.2
 
Equipeient daba daba charrue daba charrue daba charrue daba charrue
 
Sup. totale n' 8.3 6.4 8.0
 
Sup. en ii! fita 7.9 6.4 8.0
 

OPERATIONS CULTURALES:
 
Nettoyage 3.9 3.7 
 12.0
 
Preparation du sol 0.1 0.2 0.1 6.3 5.0 1 
 6.0
 
Sels du iil 1.4 6.7 8.2 3.1 3.1 2.0 2.0
 
Selis du nietE 0.9
 
Setis du dah 0.4
 
Fertilisati:n 0.5
 
Deiariage 
 4.0 
ler sarclage 22.9 1 22.0 28.8 20.0 4.6 37.5 1 18.0 10.0 
2eme sarciage 17.9 I 15.0 4.6 I 5.0
 
Traiteient phytosanitaire
 
RecIte du iiI 6.9 6.9 8.1 
 I 25.0 27.0
 
Fecolte du :iebe 1.3
 
Pecolte du dat, 0.6
 
Battage et vannage
 
Transport i 1.3 2.2 1.8 
 I 
Stockade i
 
Sous total 54.0 41.9 50.7 38.1 18.6 
 61.0 50.0
 
Main doeuvre exterieure 1.3 1.0
 

54.0 43.2 38.1 18.6 	 61.0 50.0
 

RENDEMENT (kq"a):
 
u 532.0 23?.0 215.0 + 20 601.0 720.0 

Niebe 26.0 
Dab 11.0 

(i1	Daba: houE manuelle 
Charrue: charrue TM a tra:tion bovior 
Foue as.: MuIticulteur a .raction asine 

Sources: 
C:hen (19811: Villa;e du Sen:, 12 ki sd de Hackass, 1978, 506wi, 

toyenne sut 19 chaips de brousse mi:-niebe et ISc:iaips de case ail-niebe-dah. 
DPE 193 ZER de Tcroli (26i) et Dia:!assago. 13^3Wa , 19S4, 

34 UP noc e;uipees et 14 UP eq:ipees dans 6 villages. 
Shulzan (1379 : Estizations ;enerales ;our le Mali. 
Va~lee et Siap-ra (19iC): Estiatio:s generales P%r :a plaine dL Seno. 
Ha. Zert: and Ciarra (19i2): Mai Sud. 

q,
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ANNEXE D. 

TABLEAU D.1 (SUITE): TEMPS DE TRAVAUX DES OPERATIONS CULTURALES DE L'ASSOCIATION MIL-NIEBE (Revue de la literature),
 

REFERENCE: 
 DELGADO OMV DFA ESTIMATIONS
 

DESCRIPTION DE L'UP:
 
Population de ['UP
 
Xbre d'actifs
 
Equipezent daba charrue daba charrue bout as. charrue daba boue as. charrue
 
Sup. totale (ha)
 
Sup: en ail 1ha)
 

OPERATIONS CULTURALES:
 
Nettoyage 
 2.0
 
Preparation du sol 42.0 0.0 4.0 
 2.0 4.0
 
Semis du nil 
 3.0 3.0 3.0
 
Semis du niebe 
 1.0 1.0 2.0
 
Sezis du dab
 
Fertilisation 
 2.0
 
Demariage
 
ler sarclage I 30.0 25.0 
 2.0 25.2 10.0 6.0
 
2ese sarclage 1 
 16.0 m.0 6.0
 
Traitesent phytosanitaire 
 2.0
 
Recolte du kil 29.0 34.0 7.0 
 7.5 1u,0
 
Recolte du niebe 
 2.0 2.0 6.0
 
Recolte du dab
 
httage et vannage
 
Transport 
 8.0 3.5 5.
 
Stockage
 
Sous total 101.0 79.0 63.0 50.0 64.0 39.0 
 4J.0
 
Main d'oeuvre exterieure
 

TOTAL 101.0 79,0 63.0 50.0 
 64.0 39.0 46.0
 

RINDENIT (kg/bal:
 
Nil 500,0 500.0 700.0 500.0 550.0 800.0
 
Nithe 
 40.0 45.0 180.0
 
Dab
 

(1)Daba: bou anuelle
 
Charrue: charrue TM atraction bovine
 
Rone as.: Multiculteur a traction acie
 

Sources:
 
Delgado and Nclntire (1912): Tenkodogo (OF) pour lea UP manuilles et legou pour lea UP equipees,

ONX (1986-87): SDR de Koro, lan a, Douentia, Dandiagara, Nopti (1454) et Tenenkou, 1986-87,
 

30 UP par $tade technologique,
 
DNA: Cosmunication personnelle, tout 1911, A.Tour., Chef du centre d'eiperisentation, DNA,

ESTINMATION$S: Ajusteient snelo
ls sources ci-desius.
 

f i ;
i
44: ... -g;/
2 
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AIiIE I: VILEUIS FIINCIIDES ITEC0OOKIQUES.
 

TkBLEAU 1.1: 
 COURS DU PETIT NIL SURLISNACEIS DES CERCLES DELL CINQUIENI REGION, DE TONBOUCTOU ITG10
 
(Prix enF.CFA pour 1kgdeiil) 

vois Nopti Bandiagara Backass hjenne Douezcza Kor Tenennou Youwarou Toinoictou Gao 

:Juillec 1906; 65 70 60 60 85 
 65 55 100 100 95
 
Iout 75 96 
 60 60 90 65 NA NA 100 110 
:Septeinre 65 70 60 67 75 6v 65 100 100 95:
 
:Octobre 65 65 50 NA NA 
 65 60 40 140 85
 
Wovembre 50 55 30 
 35 70 45 45 75 145 35 
lecare 55 55 .5 35 75 40 60 75 100 75
 
Janvier 1907: 55 45 24 35 75 50
45 70 115 70
 
Fevrier 40 45 30 35 
 70 35 50 65 90 60
 
:Kars 40 
 45 30 35 NA 40 NA 60 110 60 
:Avril 55 50 NA 40 1A 5040 65 s0 751
 
Bai 55 60 45 
 50 60 35 t0 11 110 751
 
:JuiS 
 so 65 50 40 65 45 65 70 110 75
 
:Juillet 65 60 40 50 so
45 70 50 135 t0
 
3out s0 75 65 60 75 
 55 65 80 110 0:
 
!Septeabre 75 75 
 55 60 75 60 70 90 100 15:
 
llctobre 65 
 65 55 55 65 55 65 35 100 75:
 
oveLbre i 70 65 60 60 NA 60 75 
 80 100 90:
 

:Decetbre 65 70 55 
 NA 45 75 sO 100 90
 
:Janvier 191: 75 75 60 50 75 ml I51
60 90 100 
!Fevrier 100 IS g0 70 100 80 75 120 115 100
 
Nars i 105 100 no 95 
 120 200 il: 130 135 125:
 
;Avril 110 105 90 95 120 100 110 140 135 125
 
Iii 100 115 100 3C 15 100 125 150 150 125
 
Juio 1 130 135 110 110 ;1 
 105 .30 150 165 150
 
:Juillet 150 200 130 160 160 I6V 165 165 165 
 160 
:lout 135 165 125 160 IA 130 125 NA 105 150 
:Septeabre 1 110 115 100 11 135 I10 No 130 165 130 
:Octobre N6- Septeibre IS: 
:1openne 1 79 83 66 68 91 69 30 97 123 96
 
:Ecart tpe 30 39 31 37 29 
 34 33 33 27 291 
:C.V.W 33 46 47 55 32 49 41 34 22 30:
 

Source: 	 Bulletins Beasuels. Systeie d'Alerte Precoce,
 
Niniscere de1ldiinistratio Territoriale etduDevelcpeaent a IiBase.
 

1?
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AINEXE E. 

TABLEAU E.2: KARGE CONMEPCIALE BRUTE (FCFA et %)POUR LE KIL ENTRE LES NACHES D KOPTI ET CEUX DE LA 5ere REGION,
 
DE TOYBOUCTOU ET DE GAO
 

I Nois :Bandiagara Bankass Djenn: Douentzz Koro Tenenkou Youvarou Tosbouctou Gao
{FCFA 	 % FCFA k FCFA % FCFA % FCFA % FCFA 
 % FCFA % FCFA % FCFA %
 

:Juillet 1986; 
 -5 -8 5 8 5 8 -20 -31 0 0 10 15 -35 
 -54 -35 -54 -30 -46
 
:Aout -21 -28 15 20 15 20 -15 
 -20 10 NA NA NA -25 -33 -47
13 NA 	 -35 
!Septeibre 
 -5 -8 5 8 5 8 -10 -15 5 8 0 0 -35 -54 -35 -54 -30 -46
 
lOctobre 1 0 0 15 23 NA MA NA NA 0 0 5 S -15 -23 -75 -115 -20 -31
loveabre -5 -1 20 40 15 30 -20 -40 5 10 1 10 -25 -50 -95 -190 -35 -70 1 
IDeceibre 
 0 & 30 55 20 36 -20 -36 15 27 -5 -9 -20 -36 -45 -82 -20 -36 
WJanvier 1987 In Ii 27 49 20 36 
 -20 -36 10 18 5 9 -15 -27 -60 -109 -15 -27

!Fevrier -5 -13 
 tO 25 5 13 -30 -75 5 13 -10 -25 -25 -63 -50 -125 -20 -50
 
Mars : -5 -13 10 25 5 13 NA NA A 0 NA NA -20 -50 -70 -175 -20 -50: 
!Avril :5 3 A NA 15 27 A iA ;j 27 5 9 
-10-18 -25 -45 -20 -36

:Hai -5 -9 10 18 5 9 -5 -9 20 36 5 9 NA NA -55 -100 -20 -36
:Juin -15 -30 0 0 10 20 -30 5 10 -30-15 	 -15 -20 -40 -60 -120 -25 -50
1Juillet 5 3 20 31 ) 38 -5 -8 
15 23 15 23 -15 -23 -70 -108 -15 -23
 
:Aout 
 5 6 15 19 2 25 5 6 25 31 15 19 0 0 -30 -38 0 0
!Septeibre 0 0 20 27 15 20 0 0 
 15 20 5 7 -15 -20 -25 -33 0 0 
!Octobre 
 0 0 10 15 10 15 0 0 10 15 0 0 -20 -31 -35 -54 -10 -15
 
!Noveibre 5 7 10 14 10 14 NA NA 10 14 -5 -7 -10 -14 -30 -43 -20 -29 
IDeceabre 1 -5 -8 10 15 hA 1A NA IA 20 31 -10 -15 -15 -23 -35 -54 -25 -38

IJanier 1988: 0 20 15 200 15 	 -15 
 -20 25 33 0 0 NA NA -25 -33 -10 -13 1
 
!Fevrier 15 20 30 C 20
15 20 30 0 20 25 25 -20 -20 -15 -15 0 0

:Mars 5 5 15 14 10 
 10 -15 -14 5 5 5 5 -25 -24 -30 -29 -20 -19!
 
:Avril 
 5 5 20 1 15 14 -10 -9 10 9 
 0 0 -30 -27 -25 -23 -15 -14:
 
:Kai -15 -15 
 0 0 10 10 -25 -25 0 0 -25 -25 -50 -50 -50 -50 -25 -25 
:hin -5 -4 20 15 20 15 NA NA 25 19 -20 -15 -20 -15 -35 -27 -20 -15:Juillet 
 -53 -33 20 13 -10 -7 -10 -7 -10 -7 -15 -10 -15 -10 -15 -10 -10 -7
 
Aout -30 -22 10 7 -25 -19 IA NA 4 7 -50 -15
5 10 NA IA -37 -11 
!Septeibre -5 -5 10 9 IA IA -25 -23 -10 -9 30 27 -20 -16 -55 -50 -20 -18 
:Octobre 86 - Septeibre 88: 
!Koyenne ; -4 -4 15 21 11 18 -12 -19 10 15 1 1 -19 -28 -44 -69 -17 -26 
:Bcart type '13 13 7 13 12 
 13 10 20 10 13 13 16 9 15 20 49 8 18
 

Source: 	Bulletins Heusuels. Systeae d'Alerte Precoce.
 
Ministere de I'Adainistration Territoriale et du Developpement a la 5ase.
 

d 
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INNEXE E.
 

TABLEAU E.3: HYPOTHESE DES PRIX FINANCIERS SELON LBS ZONES IGROCLIMATIQUES (FCFA financiers).
 

PROD41TS ET INTRANTS 
 SUD CENTRE/PLATEAU NORD
 
BUDGETISE ACTUEL(9)BUDGETISE ACTUEL BUDGETISE ACTUEL
 

Sesence de ail (FCFA/kg) (1) 69 50 69 55 69 60 
Seience de niebe (FCFA/kg) 200 150 200 160 200 180 
Semence d'arachide (FCFA/kg) 80 50 80 60 80 so 
Seaence de sesame (FCFA/kg) 150 150 150 
APRON + {FCFA/sachet} 300 300 300 
Thioral (FCFA/sachet) (2) 63 63 63 63 63 63 
Decis (FCFA/L) 1870 1870 1870 
Actellic (FCFA/sachet) 220 220 220 
Phostoxin (FCFA/coipriie) 200 200 200 
Sac plastique (FCFA/sac) 500 500 500 
Phosphate naturel Tileasi(FCFA/g) 3) 35 35 35 
Phosphate d'amoniaque (FCFA/kg) (3) 170 170 170 
Phosphate super siaple(FCFA/kg) (4) 70 70 70 
Uree (FCFA/kg) (3) 160 160 160 
Appareil T 15 (FCFA/unite) (4) 19130 19130 19130 
Charrue TY Smecia (FCFA/unite) (5) 44200 44200 44200 
Houe asine Smecia (FCFA/unite) (5) 39400 39400 39400 39400 39400 39400 
Paire de boeufs de labour (FCFA) 80000 80000 
Ane IFCFA) 20000 20000 25000 25000 20000 20000 
Nil (FCFA/kg) 50 30 60 40 70 50 
Niebe !FCFA/kg) 100 60 110 70 120 80 
Arachide (FCFA/kg) 50 35 55 40 60 40 
Sesame (FCFA/kg) 70 75 70 
Betail sur pied (FCFA/kg) 200 200 250 250 200 200 
Fare de niebe {FCFA/kg) 12 12 15 15 12 12 
Fare d'arachide (FCFA/kg) 12 12 15 15 12 12 

Opportunite de la iain d'oeuvre (FCFA/jour): 
(6) 350 350 451 451 398 398 
(71 463 463 614 614 539 539 

Opportuuite du fumier (FCFA/T) 1000 1000 1500 1500 1000 1000 

Inflation estime (%) (8) 6 6 6 6 6 6
 
(I-eO 98-ue e 
 or asote5 ein--------------------------------------------------------­
(1)Prix de vente OPSS (1988) augiente de 10% pour le transport en 5ese region.

(2)Prix de vente SKPC (1988) augaente de 10% pour le transport en Seine region.

(3)Prix couptant aux producteurs CKDT (1988) augmente de 10% pour le transport en 5eae region.
 
(4)Prix d'achat OHV 11988) augmente de 10% pour le transport en 5eme region.
 
(5)Prix sorti usine SNECHA (1988) augiente de 10% pour le transport en 5eme region.
 
(6)Vis-a-vis de 1'association mil-niebe avec la technologie traditionnelle.
 
(7)Vis-a-vis de l'association ail-niebe avec la technologie traditionnelle aselioree (equipe).
 
(8)Estimation utilisee pour 12 calcul du taux d'interet reel.
 
(9)ACTUEL: 
 Valeurs observees lors des enquetes et utilisees pour les budgets relatifs a la
 

technologie traditionnelle et la technologie traditionnelle aaelioree.
 
BUDGET!SE: 
 Valeurs estimees et utilisees pour les budgets relatifs aux paquets technologiques
 

proposes.
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AINEX E. 

TABLEAU E.4: HYPOTHESE DES PII ECOIONIQUES ST DES COUTS D'OPPORTUNITE SELON LES ZONES AGROCLIKATIQUES
 
(FCFA economiques) en utilisant la methode du taux de change de reference (Gittinger, 1985).
 

PRODUITS ET INTRANTS % SUD CENTRE/PLATEAU NORD 
BUDGETISE ACTUEL BUDGETISE ACTUEL BUDGETISE ACTUEL 

................. ...........................------------------------------------------------------

Prime de change(%) (1) 33 
Semence de iiI (FCFA/kg) (2) 69 50 69 55 69 60 

Subvention 20 14 14 14 
Valeur economique1FCFA/kg) 83 50 83 55 83 60 

Semence de niebe FCFA/kg) 200 i50 200 160 200 180 
Subvention 20 40 40 40 
Valeur economique(FCFk/kg) 240 150 240 160 240 180 

Seence d'arachide (FCFA/kg) 80 50 80 60 80 80 
Subvention 20 16 16 16 
Valeur economique(FCFA/kg) 96 50 96 60 96 80 

Seience de sesame (FCFA/kg) 150 150 150 
Subvention 20 30 30 30 
Valeur economique(FCFA/kg) 180 iO 180 

APRON + (FCFA/sacbet) 300 300 300 
Element importe 80 240 240 240 
Element national 20 60 60 60 
Droit entree (3) 0 0 0 0 
CPS (4) 5 12 12 12 
Autres taxes 0 0 0 0 
Subvention 0 0 0 0 
Valeur economique(FCFA/kg) 363 363 363 

Thioral (FCFA/sacbet) 15) 63 63 63 63 63 63 
Element importe 80 50 50 50 50 50 50 
Element national 20 13 13 13 13 13 13 
Droit d'entree 0 0 0 0 0 0 0 
CPS 5 3 3 3 3 3 3 
Autres taxes 0 0 0 0 0 0 0 
Subvention 0 0 0 0 0 0 0 
Valeur economique(FCFA/kg) 76 76 76 76 76 76 

Decis (FCFA/L) 1870 1870 1870 
Element importe 80 1496 1496 1496 
Element national 20 374 374 374 
Droit d'entree 0 0 0 0 
CPS 5 75 75 75 
Autres taxes 0 0 0 0 
Subvention 0 0 0 0 
Valeur economique(FCFA/L) 2264 2264 2264 

Actellic (FCFA/sacbet) 220 220 220 
Element importe 8o 176 176 176 
Element national 20 44 44 44 
Droit d'entree 0 0 0 0 
CPS 5 9 9 9 
Autres taxes 0 a 0 0 
Subvention 0 0 0 0 
Valeur economique(FCFA/L) 266 266 266 

,------------------------------------------------­
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TAWLEIU I.(SUITEI: HYPOTBISE DES PE1KECONONIQUES ITDES COUTS D'OPPORTUIITE SELON LES ZONESAGIOCLIMATIQUES 
(FCFA economiques) en utilisant Ia setbode dutauxde change de reference (Gittinger, 1985). 

PIODUI1ITITRANTS % SUD CENTRE/PLATEAU NORD 
BUN TISE ICTUEL BUDGETISE ACTUEL BUDGETISE ACTUEL 

Phostoxin (FCFI/compriie) 200 200 .00 
Element iaporte 80 160 160 160 
Element aitional (6) 20 40 40 40 
Droit d'entree 0 0 0 0 
CPS 5 a 8 1 
Autres taxes 0 0 0 0 
Subvention 0 0 0 0 
Valeur economique(FClh/unite) 242 242 242 

Sac plastique (FCri/soc} 500 500 500 
Element imports s0 400 400 400 
Element national 20 100 100 100 
Droit dentree 0 0 0 0 
CPS 5 20 20 20 
Autres taxes 0 0 0 0 
Subvention 0 0 0 0 
VaIleureconoaique(FCFA/unitej 605 605 605 

Phosphate naturel Tilemsi(FCF1/kg1(7) 35 35 35 
Subvention 0 0 0 0 
Valeur econoaique11CFA/kg) 35 35 35 

Phosphate d'aioniaque iFCFI/kgl (7) 170 170 170 
Element importe s0 136 136 136 
Element national 20 34 34 34 
Droit d'entree 0 0 0 0 
CPS 5 7 7 7 
Autres taxes' 0 0 0 0 
Subvention 0 0 0 0 
Valeur econuomiquelFCll/kql 206 206 206 

Pbosphate super sisple (FCFA/kg) (8I 50 60 70 
Element importe 10 t0 48 56 
Element national 20 10 12 14 
Droit dentree 0 0 0 0 
CPS 5 2 2 3 
Autres taes 0 0 0 0 
Subvention 0 0 0 0 
Valour economiquelFCFA/9g) 61 73 85 

Uree (RClI/kq} (7) 160 160 160 
Element importe s0 120 128 128 
Element national 20 32 32 32 
Droit dentree 0 0 0 0 
CPS 5 6 6 6 
lutres taxes 0 0 0 0 
Subvention 0 0 0 0 
Valear economiquelldlilkg} 194 194 194 

ippareil 7 15 (TCyI/unite) (8) 19130 19130 19130 
Element iporte to 15304 15304 15304 
Element national 20 3826 31126 3826 
Droit dentree 0 0 0 0 
CPS 5 765 765 765 
lutres taxes 0 0 0 0 
Subvention 0 0 0 0 
Valeur econuomique(CFAl/unite) 23163 23163 23163 
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TIL1U 1.4i(SUITE):
HYPOTHISI DES PII! ECOIOKIQOUS ST DES COUTS DOPPORNITI SELON LES ZONES AGROCLIKITIQUES
 
(FCF1 econoaiques) enutilisant lamethode dutaux dechange dereference 
(Gittinger. 1985).
 

PIODUITS 7 INTIlITS % SUD .EXTRE/?LATEAU NORD
 
5UDGETISE
ACTUEL BUDGETISE ACTUEL 5UDE7ISE ICTUEL
 

Charrue TNSmecia IFCFAiunnte) (01 
Element itporte 30 

44200 
35360 

4420 
J536C 

44,10 
35;60 

Elient national 20 3040 4d5o 6340 
Droit d'entree 0 0 0 0 
CPS 5 1768 176i 1760 
lutres taxes 0 0 0 0 
Subvention 8 3536 3536 3536 
Valeur economique(FCgA/uniteJ 57053 57053 57053 

loue asine Smecia (FCFI/unitel (9 39400 39400 39400 39400 39400 39402 
Element importe so 31520 31520 31520 31520 31520 31520 
Ilement national 20 7880 7050 7800 7180 7180 7110 
Droit d'entree 0 0 0 0 0 0 0 
CPS 5 1576 1576 1576 1576 1576 1576 
Autres tanes 0 0 0 0 0 0 0 
Subvention 8 3152 3152 3152 3152 3152 3152 
Valeur econoique(ICA/unitel 50153 50353 5015d 50358 'o58 50053 

Paire debotus de labour iFCFI) 30300 Mo00 
One (FCFA) 20000 20000 25000 25000 20000 20000 
Nil(PCPI/kg 50 30 60 40 70 50 
liebe (PCFI/kgi 
Arachide (FCPA/kg) 

100 
50 

60 
35 

110 
55 

70 
40 

120 
60 

go 
to 

Ajust.prin front.1c 0 0 0 0 0 0 0 
Valeur economiqueFCPA/unitt) 50 35 55 40 60 40 

Sesame (FCPIg) 70 75 70 
CPS (10) 3 2 2 2 
Tae d'eiportation 5 4 4 4 
Valeur economiqueFCFA/uoite) 101 108 101 

outailsurpied (FCA/kg) 200 200 250 250 200 200 
Fine de nithe (FCFAI/kg 12 12 15 15 12 12 
Fane d'arachide (FCf/kgl 12 12 15 15 12 12 

Opportunite dolatain d'oeuvre (FCA/jour): 
(II) 350 350 450 450 393 398 
(12) 444 444 590 590 512 512 

Opportunite du fumier (ICFAIT/ lu00 1030 1500 1500 1000 1000 
Tux d'interet economiqueW( 12 12 12 12 12 12 

11) En tenant coapte seulement dudelicit de labalance de paiements
 
etnon delastructure de protection auKali (Stryer etal.,19871.
 

augmente de10%pour
(2)Prix devente OPSS (1938) letransport enSeaeregion.
 
(3)Droit d'entree comprenant ledroit de douane (DO),ledroit fiscal d'iaportation (DPI) et lataxe
 

do l'Office deStabilisation etIeRegularisation des Prix (OSRP).
 
IIIContribution pour Prestations de Services partic~liers rendus a l'iportation.
 
(5)Prindevente SIPC (1981)
augiente de 10% pour letransport en Seieregion.
(6)Lamarge coamerciale aimale autorisee est fixee a 20%surlavaleur importee hors taxe 

a laSKIEPC poor leiengrais etlespesticides. 
(7) Prix coaptant &unproducteurs CKID(1988)augiente de10%pourletransport eo 5ee region. 
I) Prix d'achat OV (1988)augmeote de10%pour letransport en Seue region.
 

augmente de 10%pour letransport 

(101 

(5)Prix sorti usine SuRCKh(19101 eoSeaeregion.
 

Contribution pour Prestations de Services particuliers reodus a l'exportation. 
(11)Vis-a-vis de l'association mil-niebe avec latechnologie traditionnelle.
 
(12)Vis-a-vis de l'asociation mil-niebe avec latechoologie traditiounelle auelioree (equipe).
 
lote: Leprineconomique des iotrants estcalcule de :ette 
facon: iPrime dechange e.I / 100+ 1)
 

a (Ileent importe - Droit d'entree - CPS) t (Element national - Autres taxes Subvention).
 
Leprix economique desproduits estcalcule decette facon:
 
(Prime decbanoe eon / i10t1) 1, rixau oroucteur , Taxes J'excortac:i:
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ANNEXE E.
 

TABLEAU E.5: CALCUL DES CHARGES ANNUELLES FINANCIERES SELON LES ZONES AGROCLIMATIQUES(FCFA/HA/A().
 

EQUIPEKENT SUD CENTRE/PLATEAU NO.D
 
BUDGETISE ACTUEL BUDGETISE ACTUEL BUDGETISE ACTUEL
 

..........................................----------------------------------------------------------


ApparelA T 15:
 
;eriodE du pretian) 4 4 4 
Tax d'interet nocinal BNDA() 9 9 9 
Taux d'interet reel!%) 3 3 3 
Coeff. de recuperation du capital 0.27 0.27 0.27 
Annuite constante(FCFA/an) 5146 5146 5146 
Entretien(FCFA/an) 500 500 500 
Superficie Ha) 4 4 4 
Cbarge annuelle(FCFA/Ha/an) 1412 1112 1412 

Materiel 3gricole: CbarrueTM Houe as. Houe as. Houe as. Houe as. Houe as. 
Feriode du pret(an) 4 4 4 4 4 4 
Taux dinteret nominal BNDA(} 9 9 9 9 9 9 
Taux d'interet reel(%) 3 3 3 3 3 3 
Coeff. de recuperation du capital 0.27 0.27 0.27 0.27 0.27 0.27 
Annuite :onstanteiFCFA/ani 11891 10600 10600 1060c 10600 10600 
Entretien(FCFA/an) 500 500 500 500 500 500 
Superficie (Ha 4 4 4 4 4 4 
Charge annuelle(FCFA/Haan) 3098 2775 2775 2775 2775 2775 

Anisaux !etrait: 2 boeufs Ane Ane Ane Ane Ane 
Periode active(ana 6 6 6 6 6 6 
Taux de n:rtalite(%; 3 3 3 3 3 3 
Periode ajustee(an) 5.8 5.8 5.8 5.8 5.8 5.8 
Ta, dl'interet nominal NNDAI 9 9 9 9 9 9 

aux !'interet reel(%! 3 3 3 3 3 3 
Coe~f. !erecuperation du capital 0.19 0.19 0.19 0V9 0.19 0.19 
Anutte :Cnstante(FCFA/an) 15233 3808 4760 4760 3808 3808 
Entretien(FCFAan) 27600 9600 12000 12000 9600 9600 
Superficie IHa) 4 4 4 4 4 4 
Charce annuelle(FCFA!Ha/an) 10708 3352 4190 4:jO 3352 3352 

Phosphate naturel du Tilessi: 
Periode du pret(an) 3 3 
Taux dinteret nominal BNDA(M} 9 9 
Taux dinteret reel(M) 3 3 
Coeff. de recuperation du capital 0.35 0.35 
Annuite constante(FCFA/an) 12 12 

(1)Pour simplifier le calcul, l'annuite est supposee constante en termes reels durant la periode du pret.
 
Lannuite est calculbe i l'aide du coefficient de recuperation de capital (capital recovery factor)
 
en utilisant le taux dinteret applique par la BNDA diminue du taux d'inflation du pays. Cette methode
 
de calcul est proche de la methode de la BNDA et des ODR puisque ces institutions chargent une annuite
 
.oastante durant la periode du pret,
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ANNEXE E.
 

TABLEAU E.6: CALCUL DES CHARGES ANNUELLES ECONONIQUES SELON LES ZONES AGROCLINATIQUES(FCFA/HA/AN) (1).
 

EQUIPEMENT SUD CENTRE/PLATEAU NORD
 
BUDGETISE ACTUEL EUDGEISE ACTUEL BUDGETISE ACTUEL
 

Appareil T 15:
 
PeriodE du pretar) 4 4 4
 
Taux dinteret econotique() 12 12 12
 
Coeff. de recuperation du capital 0.33 0.33 0.33
 
Annuite constante(FCFA/an) 7626 7626 7626
 
Entretien(FCFA/an) 500 500 500
 
Superficie (Ha) 4 4 4
 
Charge annuelle(CFA/Ha/an) 2031 2031 2031
 

Materiel agricole: CharrueTK Houe as. Houe as. Houe as. Houe as. Houe as.
 
Periode du pret(an) 6 6 6 6 6 6
 
Taux dinteret econozique(%) 12 12 12 12 12 12
 
Coeff. de recuperation du capital 0.24 0.24 0.24 0.24 0.24 0.24
 
Annuite constanue(FCFA/an) 13877 12370 12370 12370 12370 12370
 
Entretien(FCFA/an) 500 500 500 500 500 500
 
Superficie (Ea) 4 4 4 4 4 4
 
Charge annuele(FCFA/Ba/an) 3594 3217 3217 3217 3217 3217
 

Anihaux de trait: 2 boeufs Ane Ane Ane Ane Ane
 
Periode active(an) 6 6 6 6 6 6
 
Taux de aortaiite(%) 3 3 3 3 3 3
 
Periode ajustee(an) 5.8 5.8 5.8 5.8 5.8 5.8
 
Tau. d'interet econoiique(%l 12 12 12 12 12 12
 
Coeff. de recuperation du capital 0.25 C.25 0.25 0.25 0.25 0.25
 
Annite :onstante(FCFA/an) 19927 4982 6227 6227 1982 4982
 
Entretien(FCFAian) 27600 9600 12000 12000 960C 9600
 
Superficie IHa) 4 4 4 4 4 4
 
Charge annuelle(FCFA/Ha/an) 11882 3645 4557 4557 3645 3645
 

Phosphate naturel du Tileusi:
 
Periode du pret(an) 3 3 3
 
Taux d'interet economique(%) 12 12 12
 
Coeff. de recuperation du capital 0.42 0.42 0.42
 
Annuite constante(FCFA/an) 15 15 15
 

(1)Pour simplifier le calcul, l'annuite est supposee constante en teries reels durant la duree du pret.
 
L'annuite est calculee a laide du coefficient de recuperation de capital (capital recovery factor)
 
en utilisant le taux d'interet economique estime. Cette methode perset~nt d'obtenir une annuite constante
 
n'introduit pas d'erreur d'estiiation quand le taux d'actualisation utilise pour le calcul de la valeur
 
nette actualisee du projet est le meme que le taux d'interet d'interet econotique utilise ici.
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lEIE F: CONPOSAITES DES PAQUITS TICHOLOGIQUES RVALUIS.
 

TIABLEAU
F.1:CORPOSAITIS DESPAQUETS TECSIOLOGIQUES 'ASSOCIATION MIL-NIEBSE
SELO# LESZONES AGROCLINATIQUES.
 

ZME: 
 SUD C0NT0PLATEAU NCID
 
STIDE Ti:BBL:0I21E lj: IUELIORE TID.AN. TRADITIONHE7 AXELOH !RAD.AM. TPADIZIOSHL 
 AMELICRE TRAD.A. TiADITI:NIEL
 

Varieten:
 
III Lccale Locale NKK
Nil Ocale 'BV OOl Locale L;:alt


Iee GcrotGnroa Lncale 'o:ale 'orcin.zr: LociIeCaae ;aroiroa Lccale L.a e
 
Densi:e i;nquets/fal:
 
Nil 26500 100.0 10000 26520 IC: :2000 65023 :22:0 100",

Nie:e 13300 5000 5000 13300 50 5000 
 13300 5200 540
 

2ua:tice sciences o;dai

Nl 
 5 10 I 
 i 10 5 10 10

liebe B 3 3 3 3 1 33 3 


Traitesent Jenseences:
 
Nil Produit couercial: APRON + Thinral Thioral P101 t Thioral Thioral AP101 t Tbioral Thioral
 

Dose (gPC/kg) 
 5 2.5 2.5 
 5 2.5 2.5 5 2.5 2.5

Quanite (gPC/Bal 25 25 25
25 25 25 25 25 25

Quantiteiaachetla) 
 I I I i 1 1 1 1 1
liete Produit :ouercial: Thinral 
 Thioral 
 Tbioral
 
Dose (;PCsol 2.5 
 2.5 
 2.5
 
Quantite (qC/Ha) 40 
 20 
 20
 
Quantiteisachetla) 
 I 1 
 1
 

Engraim:
 
Phosphate d'asoniaque (kg/Ba) 50 
 50 
 25
 
Uree (kg/a en localise) 25
 

Traencents pbytosanitairea suranebe:
 
Itraitetents auDecis tL/Ba) 2 
 2 
 2
 

Traiteneat desstocks deniebe:
 
Pbnscoxin (1coap./100kgl 2 
 21
 
Sacplastique (1sicll00l 2
 

Ippareil pulverisateur T 15 
 T 15 T 15

Nateriel agricole Charruetl Noue as. Dabs 
 Boue as. Boue as. Daba louea. Noaaas. Dab&

Traction anmsale 
 2 boeufs I ma 1 ant. I atI ane 1 Ing 
Entretien de l'ittelage:
 

fane de niebe ikgsec/4 lois) 2300 !00 S00 t00 
 g00 g00
 
lain d'oeuvre (boue jour/Ba):
 

Preparation dusol 4.0 2.0 2.0 i.0 2.0 2.0 2.0
2.0 2.0

Fertilisatic {pbospbatel 1.0 
 1.0 
 1.0
 
Seis du mil 
 3.0 3.0 3.0 3.0
3.0 3.0 3.0 3.0 3.0

Semis du niebe 
 2.0 1.0 1.0 2.0 1.0
1.) 2.0 1.0 1.0

leesarclage 
 6.0 10.0 25.0 
 1.2 0.0 2.0 6.0 6.0 18.0
 
Fertilisation bureel 
 1.0 
leae sarclage 6.0 
 10.0 16.0 0.0 8.0 14.0 6.0 6.0 1;.0

lor trait. pbytosinitaire 1.0 
 1.0 1.0
 
2etetrait. pbytosanitaire 1.0 
 1.0 1.0
Zecolte dunil 10.0 7.5 7.0 0.5 6.5 6.0 
 6.0 5.0 4.5

fecolte duoiebe 
 6.0 2.0 2.0 5.0 2.5 2.5 5.0 2.0 2.0
Transport etstoctage 5.0 3.5 1.0 
 1.0 3.0 7.0 3.0 2.5 6.0Total lain d'oeuvre (home jour/la) 46.0 39.0 64.0 47.5 34.0 57.5 36.- 27.5 41.5
 

Gain delain d'oeuvre (bonse jour/Ba)12) 1 25 10 
 13.5 12.5 21
 
Gain delain d'oeuvre fhonse jourlia)(3) -7 "1.5
-13.5 

lendeacat (kg/Ha):
 

Nil grains 
 100 550 500 652 440 400 400 275 250
liebe ;rains 140 45 40 
 160 55 120
50 45 40
Fine deniebe ioo 500 500 400 
 500 500 400
00 400
 
Gaindefusier i7/2boeufs/an/lBa) 1.5
 
Gain depoids vi!(kg/2bneuls/an/Bla 20
 

(1)Aeliore: paquet technologique a developper par I&tecberche systeme.

Trditionel aseliore: paquet eclinologique
actuelleent utilise par laplupart des productears equipes.

Traditionel: paquet technologique actuelleaeut utilise parlaplupart desproducteurs 
non equipes.


()IVis-a-vis deIs technolooie traditionnelle, 
 f()Vis-a-vis lela technoloie traditionnelle alelioree.
 

http:orcin.zr
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LiUis F. 

COMPOSLITIS DES PIQUITS TICHIOLOGIQUIS *ISSOLEINNT NIL-11109' SELON LIS ZONES IGIOCLIMTIQUIS.
 
Superticie nil etniebeila): 0.75 0.25 (1)
 

ZNE: 


T13LIU 1.2: 


SUD 	 CEXTOH/PLATAU SOID
 

CULTURE PURE : 	 NIL IIKOE NIL NIIBE NIL IE1
 

1001Varietes 	 III Gorom-Goroa fEi Gorom-Garon IBV Goroi-Goron
 

31250 15625 31250 10000 31250
Densice (poquets/'al 15625 

guntite de seaences (k;/Hal 5 25 5 15 5 25
 

Traiteient des semences:
 
Produit coamercial APON t Thioral PRON + Tbioral AMOI Tioral 

2.5 5 2.5 5 2.5
Dose (gPC/kg) 5 
Quantito (gPClfa} 25 62.5 25 i2.5 25 62.5 

Q0atite (sachet/Ha) 1 3 3 1 3 

[ngrais: 
Pl (kg/Ha) 300 	 300 

65 	 65 32.5
Phosphate super simple 1kg/Ha) 

Traiceents phytosanitaires surniebe:
 

2 traitements auOecis (L/Ha) 7 7 7
 

Traitesent des stocks deniebe:
 

Phostoxin (Hcoap./Iookg( 6 5 4
 

Sac plastique (1sacllOOkgI 6 5 4
 

Appareil pulverisateur T 15 T15 15 

materiel agricole CharrueTN CharrueTl Houe as. Bout as. lout as. loue as. 

Traction animale 2 boatus 2 boeufs I ane I ane I one l ane 

sntratien del'attelage: 
Pane de niebe (kgsec/4 toisl 2300 2300 000 000 100 800 

gain d'oeuvre rhone jour/Ha): 
7.0 	 2.0
Preparation du sol 4.0 5.0 6.0 2.0 


Fertilisation 1,0 1.0 1.0 1.0 1.0
 

Semis 3.0 2.0 3.0 
 2.0 3.0 2.0
 

lersarclige 6.0 5.0 8.0 7.0 6.0 7.0
 

2ene sarclage 6.0 
 4.0 1.0 6.0 6.0 6.0 

lr trait. phytosunitaire 1.0 1.0 1.0 

2eretrait. phjtosaonitaire 1.0 1.0 1.0
 

Rocolte 10.0 20.0 5.5 
 20.0 6.0 17.0 
15.0 3.0 15.0 2.0 12.0 

Total main d'oeuvre (bone jour/al 
Transport et stockage 4.0 


34.0 54.0 37.5 60.0 25.0 49.0 

Gain main d'oeuvre (bone jour/flaI12130.0 10.0 20.0 -2.5 23.5 -0.5 

Gain nain d'oeuvre (houe jour/Na)(3) 5.0 -15.0 -3.5 -26.0 2.5 -21.5 

lendeaent 	 Ikg/ala:
 
Nilgrains 100 600 350
 

gliangrains 600 500 100
 
300
Fan. deniobe 500 400 

Gain de tuier (T/2 boaousla/) 6 6 6 6 6 6 

Gain defulier (TO boeufs/aila) 1.5 1.5 1.5 1.5 1.5 1.5 
10 	 10Gain de poids viflkg/2boeus/an) 10 10 10 10 
20 20Gain depoids vifQkq/2 boeufs/snla) 20 20 20 	 20 

sole de0.75 Beleculture pure de niletune sole de0.25 h deculture pure de niebe.
 

121Vis-a-vis de l'association oil-ciebe aveclatecknologie traditionnelle.
 

131 Vis-a-vis de lassociation ail-niche ave la technologie traditionnelle aelioree.
 

il.Lassolement preconisf eat uone 
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AaaEIE 1.
 

TIBLDAU 1.3:CORPOSAITIS DIS PIQUETS T!CHIOLOGIQUIS *EOTATIOI LICHIDE-KIL-AEACHIDE • POUP.
LI SIEO CEITIE ITLI PLATEAU.
 

DE JOTITION: 

STIDE TICNOLOGIQUE: 1VFC PIT SANS PIT 


TMPE 1lACEIDE NIL A1ACHIDI AACEIDI NIL LACHIDE NIL NIL NIL NIL NIL NIL 
TADITIOIIEL AMELIORE 
 TUIDITIONNEL
 

Varietes: 47-10 Locale 47-10 47-10 Locale 47-10 Locale 
 Locale Locale Locale Locale 
 Locale
Densite (poquets/l): 15025 15625 1(000 1oe 10000 1001C 10000 10000
Quantite de sesences (kg/Ia): 100 
 10 100 100 10 100 10 10 10 10 10 10 
Traitemect des seiences au Thicral: 

Dcse (gPC/kgl 2 2.5 2 2 2.5 2 2.5 2.5 2.5 
 2.5 2.5 2.5
Qouantite
(gPcl/a) 200 25 200 200 25 200 
 25 25 25 25 25 25
Quantite (sacet/Ha) 8 1 0 
 N 1 1 
 1 1 1 1 
 1
 
Eonrais:
 

Phosphate de Tilessi (kg/Eal 300
 
Traiteant des stocks d'aracbides a lictellic:
 

Dose (gPC/kg) 5l 50 
 50 50
 
Quaintite 310 170
(gFCia) 
 265 130
 
Quactite (sachet/I) 3 2 3 1 

Kateriel agriccle Bone as.Icoe as.Hose as. Ioue as.Eoue as.loue as. Boue as.Hone as. Hone as.
Traction anisale 
 I ae 1 ante 1 e Iane 
 Iane lae 
 1 oe I ae 1&Be 
Entretien delattelage: 

lane de ciebe(kg sec/4 mais) iG00 800lee 8IC o0 800 800 800 800 
lain d'oeuvre (bout jour/Ia):

Preparation dusol 8.0 2.0 8.0 0.0 2.0 8.0 6.0 2.0 2.0 2.06.0 2.0
 
fertilisaticn 
 2.0
 
Decrticage des seences 1.0 8.0 8.0 
 8.0
 
Seiis 6.C 3.0 6.0 
 6.0 3.0 E.0 3. 3.0 3.0 3.0 3.0 3.0
ler sarclage 1.0 8.0 8.0 1.0 8.0 8.0 E.C 0.0 8.0 22.0 22.0 22.0
2eme sarcla;e 6.0 0.0 6.0 6.0 1.0 6.0 
 8.0 8.0 0.0 14.0 14.0 14.0
lecite 25.0 10.0 14.0 22.0 7.0 10.0 6.0 6.0 6.0 6.0 
 6.0 0.0
Transpcrt et stockage 3.0 4.0 2.0 3.0 3.0 2.0 2.0 
 2.0 2.0 2.0 2.0
Total lain d'oeuvre (h.j.Iia) 66.0 35.0 52.0 61.0 31.0 48.0 33.0 29.0 

2.0 
29.0 53.0 49.0 49.0


Gain lain d'oeuvre (h.j./Iafl1) -13.0 14.0 -3.0 -8.0 10.0 1.0 20.0 
 20.0 20.0 
Gain lain d'oeuvre (b.j./Ha(B2 -33.0 -0.0 -23.0 -21.0 -2.0 -19.0 
letdeieot (kg/Ha): 

Nil grains 960 480 
 lie 420 390 410 
 420 390
 
irachide graines 62C 340 530 20
 
Fane d'arachide 0.8 490 
 272 424 208
 ......................................................................------------------------------------------------------------------------­

11)Vis-a-vis delarotation triennale ail-iil-mol avec la techoologie traditionnelle.
 
12)Vis-a-vis de larotation triennale ail-ail-iil avec la technologie traditicnoelle amelioree (equipee).
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TIILIAU F.I: COMPOSIITS DES IUIT 7ECElL. QUES 107T101 ioc1IDE-fIL-IiCEIDE' POUE LISEi0 SUD.
 

TYPE DI IOTITIOI: I1CEIDE NIL 1118I10 IlIIllIl NIL IRICHIDE IL IL IlL NIL NIL NIL 
MTI TICHIOL0IUE: IVEC PIT SIIS PIT TRIDITIOOIEL LIELIORI TI1ITIOINEL 

Varietes: 417-10L~cale 17-10 41-10 Locale 47-10 Locale Locale Locale Locale Locale Locale 
Densite ipo;nets/a): 15625 15625 10000 10111 10000 10000 1M00O 10000 
Qoantite de sences lkg/lal: 100 10 100 100 10 100 lo 10 10 10 10 10 
Traiteaect des seaeswes au Tticral: 

Dose tgPC/kg) 2 2.5 2 2 2.5 2 2.5 2.5 2.5 2.5 2.5 2.5 
Quaotite fgPC/la) 2C1 21 20C 200 25 200 25 25 25 25 25 25 
Quantite (sachet/Hal t I I I 1 I 1 1 1 1 1 1 

Engrais: 
Phosphate de Tileasi kg/Ea) 300 

Traitesent des stocks d'arachides a 'lIctellic: 
Dose IgPC/kg) so 50 50 50 
Qouitite (gPC/Ral 
Qoaztite (sachet/Na} 

21, 
3 

115 
1 

215 
2 

130 
1 

Kateriel a;riccle Hooe as.Bone as.Bout as. loue as.Ioue as. Hose a&. Noue as.Noue as. foe as. 
Traction anizale 1 ace I aze I ane Iane 1ae Ioe 1 ant lane I ee 
lotretien de l'attelage: 

Pane de niebelkg sec/4 &:is) !001 0C 10C 80C00 001Soo g oo too 0 
main d'oeuvre lboue jour/a): 

Preparaticn du sol 3.0 2.0 0.0 0.0 2.0 8.0 6.0 2.0 2.0 6.0 2.0 2.0 
Fertilisation 2.[ 
Decorticage des seiences 1.0 0.0 I.0 3.0 
Secis 6.0 3. 6.0 6.0 3.0 6.0 3.0 3.0 3.0 3.0 3.0 3.0 
let sarclage 3.0 0.0 0.0 1.0 0.0 0.0 1.0 0.0 1.0 22.0 22.0 22.0 
2eie sarclage 
lecolte 

6.0 
20.0 

0.0 
1C.0 

6.0 
10.0 

6.0 
10.0 

0.0 
3.0 

E.0 
1U.0 

3.0 
0.0 

0.0 
7.0 

0.0 
3.0 

14.0 
1.0 

14.0 
7.0 

11.0 
3.0 

Transport etstockage 3.0 4.0 ;.o 3.0 4.0 2.0 2.0 2.0 1.0 2.0 2.0 1.C 
Total iait d'oeuvre fb.j./HIl 65.0 35.0 41.0 57.0 33.0 10.0 35.0 30.0 25.0 55.0 50.0 45.0 
Gain saic d'oe-vre (h.j./Eafi1) -10.0 15.0 -3.0 -2.0 17.0 -3.0 2C.0 20.0 20.0 
Gain aain d'oeuvre Ik.j./a)(2} -30.0 -5.0 -23.0 -22.0 -3.0 -23.0 
lendeaent (k;1lai: 

Mil grains 060 700 72C 530 160 720 530 1E 
Irachide graines 570 230 130 26. 
Fane d'aracbide 0.0 45E 111 344 200 

1)Vis-a-vis de I rotatic trienale ail-zil-ail avec Iatechnologie traiitiounelle.
 
(2) Vis-a-vis delarotation triennale zil-ail-Ail ae: la tecknologie traditionnelle aselioree (equipee). 
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TABLEAU F.5:COMPOSAITES DOU
PIQUET ?ICHIOLOGIQUE DE LICULTURE DISESMIE SELOI LESZONS AGEOCLINITIQU&S.
 

ZONE: SUD CEkTRE/PLATEIU lORD
 
STIDE TECHIOLOGIOU: SISaIE MIL(2eme anneel SESAME MILi2eme dnnee) SESAME MILI2ese anneel
 

AIELIORE TD.HAM. TADITIORNEL AMILIORE TRAD.AM. TRADITIONNEL AMELIOGR?RAD.AM. TRADITIONNEL
 

Tarletes: 31-1-1 Locale Locale 38-1-7 Locale Locale 3S-1-7 Locale Locale
 
Densite (;oqudts/Ha: 166500 10000 10000 166500 l00o0 10000 166500 
 10000 10000

Ouantite desciences kgii : 10 10 10 10 10 10 10 20 1O
 

Traitement leseiences denil iuThioral: 
D0se 1gPC/kql 2.5 2.5 2.5 2.5 2.5 2.5 
Quactite (gFC/BaJ 25 25 25 25 25 25 
Quaotite Isachetlia) 1 1 1 1 1 1 

Phosphate super simple (kg/Ha) 65 65 32.5
 
Materiel agricole 
 loue asRoue as, Dabs lone as loue as. Daba loue as. Mouias. Daba 
Traction animale I ago I ae iane 1ae iace 1 one 
Entretieo de lattelaqe: 

Fane dIniece (igsec/i moie) 100 2oo 800 200 800 R0D 
ain 'oeuure eone jour/ia): 

Preparation dosal 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 
Fertilisation auphosphate 1.0 1.0 1.0 
Semis 6.0 3.0 3.0 6.0 3.0 3.0 6.0 3.0 3.0 
ler sarclage 10.0 8.0 22.0 M.0 8.0 22.0 6.0 6.0 18.0 
'em sarclage 
 10.0 8.0 14.0 1.0 8.0 18.0 6.0 6.0 12.0 
lecolte 00.0 7.0 7.0 10.0 6.0 6.0 8.0 5.0 5.0
 
Transport etstockage 10.0 2.0 2.0 2.0 2.0 2.0 6.0 1.5 1.5 

Total maind'oeauvre 4 .0 00.0 50.0 43.0 29.0 49.0 35.0 23.5 11.5Ioue jour/Hal 

'ain de main d'oeuvre (bote jour/Ha) 1.0 20.0 6.0 20.0 6.5 12.0 
Gain demaic d'oeuvre (boue jour/Ba) -19.0 -14.0 -11.5 
hindemest (kg/Ha): 

Nil grains 530 530 420 120 300 
 300 
Sesame 600 450 300 

i) Vis-a-vis dehadeuieme culture deNi de larotation aml-m-m aveclatechnologie traditionnelle. 
(2)Vis-a-vis deIs deuizieme 
culture de m11 delarotation mil-mil-il avec lateckoologie traditiomnelle amelioree iequipee).
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Li111 G: SUDGITS IMIICIBZS D1S PIQUITS TZCHNOLOGIQUES. 

TABLRIU G.1: BUDGITS FI8IICIERS 0 L'ISSOCIATIOI NIL-IIEE AMELIOER IT?RIDITIONNELLE Pit'ONE ICFA/EA/AII. 

I'll: SUD CENTRE/PLITEAU 8000 
STID TICHIOLOGIQUE (1): ABILIORE 1BAD.AM.TRADITIOINEL AMELIORE 7RAD.AX. TRADITIOINEL AMELIORE TR0D.A, TRAITIONNEL 

B1IIFICE BRUT iFCA/Ha): 
Nil 40000 16500 15000 39002 17670 600 26000 13750 12500 
Niebe 13000 2700 2400 17620 3asc 3510 14400 3600 3200 
Fane deniece 4900 6000 6000 60L2 7500 D0O 3630 4800 410W 
3ain depoids ?if 1000 
Fumier 1500 
Benefice brut 64300 25200 23400 62600 21953 27OG0 46000 22150 20520 

Gain Iemaind'oeuvre 12) 6296 1745 4506 1058 4913 8355 

;ain Itmain d'oeuvre , 13) -3242 -1295 -4511 
Benefice brut total (2) 74596 33945 67106 39538 50973 30505 
Benefice brut total 38 65058 54305 41419 

LUGBEITATION 00 BENIIOCI TOTAL BRUT (IFCY/H1): 

(2) 51196 10545 40106 12538 30473 10005 

3) 30858 15355 19269 
tCUTS VIIIABLIS lFCIA/lIl: 

Semences: Nil 345 500 500 345 550 550 345 600 63a 

Niene 1600 450 450 1600 460 40 1600 540 540 
Trait. samences: Fongicide sur mil 300 63 63 300 63 63 300 63 63 

Fco;icide s/nieba 63 63 63 
Fertilination: Phosphate 3500 8500 4250 

Uree 4000 0 0 
Trait. pljtosanitaire asDecis 3740 3740 3740 

Trait. des stoos: Pnostoin 400 400 200 

Sac 1000 1000 500 

Couts variables totaun 19948 1013 1013 15948 1093 1093 10998 1203 1203 
CUIG&S AIUELLES WtFI/h/l: 

Appareil ? 15 1412 0 1412 0 1412 0 

Materiel agricole 3094 27715 2775 2715 2175 1775 
Ittelage 0701 3352 4190 4190 3352 3352 

Charges annuelles totales 15218 6127 8377 6965 7539 6127 
COUTS VA1.&CHIIGES 10BUELLESFC7AiHIN) 35166 7140 1013 24325 8058 1093 18531 11330 1203 
AUGMENTITOO8 D9SCOUTS VARIABLES ETCHARGES AINUELLES iFCFI/HA/AX):
 

i2) 34153 6127 23232 6965 17334 6127
 
(3) ;80.6 162T 11207
 

BUOIUTIOI DELU JOUR120 4118D'OEUVRB (FCFA/HOMMZ JCUU:
 
518 463 350 i66 614 451 566 539 398
 

LUGMENTITICI DRILA £ENUIERTION DE LIJOU111E DE MAIN D'OUVRE 1FCFA/HOMME JOU8:
 

12) 16 113 215 164 164 141
 

,3j 55 51 7
 

BENEFICE BIT ICA/HI): 18060 22387 20802 25901 14820 19297 

(:1 39431 26805 12781 31480 32437 23175 

131 29893 29910 22843 
IUGMENTATION DU BENEFICE NET(FUL/i): 

121 17044 4418 1674 55173 13140 381 

3' 11833 90is 3063 

1i	Ameliore: paquet tecbnologilue a !evelc;per par la rectercte systeme. 
Traditionel ameliore: paquet technologique actuellenent utilise par la plpart lesproducteurs equipes. 
Traditionel: paquet technologique actuellenent utilise par la plupart lea;:oiucteurs noneluipes. 

42!Vis-a-vis de la technolo;ie traditionnelle. 31Vis-a-vis e litcnnoi altinehe nemli:rre. 
a Le ;ain Itj:,rs gt .:eix;sqaauit:: parle:outdemain J'oeuvre est le ;roJuit iunomure ;i;nes parlepjqu i':pp:rtL.te 4e Ii 

main d'oeuvre determine parlatecanologle traditinnell nu tecnrlIzie ::d ni::v le ineiree selooIc :as. Cejain Icmain 
d'oeure eatajoute aubenefice brut pour obtenir Iebenefice brurttal. 

http:i':pp:rtL.te
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11i1IE G. 

TABLEAU G.2: BUDGETS FINAICIERS DEL'A!SOLENEIT NIL-NIEBE SELON LESZONES AGROCLINITIQUISiPCFA/BA/A9).
 
Superficie ail etliebe(Ba): 0.75 0.25 (1)
 

ZONE: SUD CENTRE/PLATEAU ORD
 
CULTURE PURE : NIL NIEBE NIL 8IE8E NIL FlEBE
 

BENEFICE EU! IFCPA/Ha}:
 
Nil 0000 36000 24500
 
liebe 60C00 5500 4100c0
 
Fine leniebe 6000 6000 3600
 
Gain depoids vif 4000 4000 5000 5000 4000 4000
 
Fucier 1500 1500 2250 2250 1500 1500
 
Benefice brut de l'assoleient cil-niebe 52000 49uC0 36775
 
Gain de cain d'oeuvre 1 10494 9011 9350
(2) 3498 -1126 -199 
Gain de cain d'oeuvre (3) 2315 -6946 -2151 -15976 1347 -11587 
Beiefice brut total (2) 55994 74998 52261 67124 39350 5901 
Benefice brut totLl (31 47815 64554 11099 52274 31347 45513 
Bea.brut total de assoleient til niebe(2) 60745 5 977 43738 
Ben.brut total dv assoleient iul-niebe(3) 52000 43893 34889 

IUGMENTATION 	DU REA9FICE BRUT TOTAL POURLISSOLENEIT NIL-NIEBE(FCFAiAI:
 
12) 37345 25977 23238
 
(3) 	 26000 14943 12729
 

COUTS VARIABLES (FCFA/1HI:
 
Seences 345 5000 345 5000 345 5000
 
Traitesent des secen:es 300 189 300 109 300 109
 
Fertilisation au phospnate super siiple 4550 4550 2275
 
Trait. pbytosanicaire auDecis 13090 13090 13090
 
Trait. des stocks: Pbostoxin 1220 1000 0oo
 

Sacplastique 3000 2500 2000
 
Couts variatles totaux 645 27029 645 26329 645 23354
 

CHASES UIUELLES (PCFA/EA/AN):
 
Fertilika ion auPIT 3712 3712 0
 
Appateil T 15 1412 1412 1412
 
Materiel agricole J19 3090 2775 27'5 2775 2775
 
Inicaux de trait 10708 10708 4190 4190 3352 3352
 
Cbarles annuelles totales 17518 15211 10677 8377 6127 7539
 

COUTS VARIABLdS ATCHARGES AINUELLES (PCFAI8A/AE):
 
Culture pure 18163 42247 11322 34706 6772 30193
 
Issoleseat ail-iebe 24114 1716& 12002
 

WUCASTTION DES COUTS VARIABLES ITCHARGES ANNUELLES POUR L'ASSOLENEBT MIL-IEBE FCWAiHA/AN):
 
(2) 	 J3171 16075 11599
 
(3) 17044 ?110 5472 

RMUERATION DE L"JOURIE! DINAI D'OEUVRE POUR LASSOL ENET NIL-NIEBEI(FCFA/HObME JOUR): 
713 750 773 

AUGN8NIATIOD DE LAREEUIERITICODILl JOURNIE USMAIN D'OEUVRE (FCFA/IONME JOUR): 
(2) 	 363 299 375 
13) 250 135 234
 

1911FICE IET(ICF A):
 
(2) 	 36561 31809 30936 
(31 271i6 26725 22007 

IUGNITATIOI DU BIIEFICE NETliCY/ik) 
(2) 	 14174 12902 1163q 
(3) 	 9756 5131 7267 

(1) L'aisleseat preconise est une sole do 0.75 I de culture pure de cil et unesole de 0.25 Hade culture pure de niebe. 
(2)Vis-a-vis del'association hil-uiebe avec Ia tecknologie traditionnelle. 
(3)Vis-a-vis de l'association ail-niebe avec latechnologie traditionnelle acelioree.
 

Legain de main d'oeuvre est1.prodit du nombre dejours gagnes par lepaquet technologique iol'iplie par lecout d'opportunite
 
de la iain d'oeuvre determine par latecbnologie traditionnelle ou la tecbiologie tradit'onnelle traditionnelle selon le ca.
 
Ce gain de cain d'oeuvre estajoute aubenefice brut pour obtenir lebenefice brut total. 

IT19
'A
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TABLEAU G.3: BUDGETS FIIIICIEIS 09 LIROTATION IRICHIDE-MIL-IRACHIDE POUR LESEO CEITIE ZT LEPLATEAU (FCFA/HE/ANJ.
 

TYPE DRROTATIOI: AHCHIDE 
 NIL 1IACHIDE ARACHIDE NIL ARICBIDE NIL NIL NIL NIL NIL NIL
 
STIDE TECHIOLOGIQUE: 
 AVEC PIT SANS PIT TRADITIONBEL AMELIORIE TRIDITIONIEL
 

511EFICE BRUT AIBUEL IFCFA/Ha):
 
Nil grains 57600 28100 16400 
 16100 15600 16400 16800 15600
 
Irachide graines 34100 18700 29150 14300
 
foe d'arachide 7440 4080 6360 3120
 
Benefice brut 
 41540 57600 22780 35510 20800 17420 16400 1600 15600 16400 16000 15600
 
Gain de sai d'oeuvre 11) -3860 4625 -915 -2375 
 5946 305 5938 6607 6097
 
Gain leAlin d'oeuvre (2) -8772 -1908 -6323 -7443 -636 -5223
 
Beneficiorut total (1) 37680 62225 21865 
 33135 34746 17725 22335 23407 21697 16400 16800 15600
 
Benefice brut total (2) 
 32768 55692 16457 28067 21164 12197 16420 16800 15600
 

IUGNEMTITION DOBENEFICE BRUT (FCFI/Ha):
 
Noyeane sur 3 ans ill 24323 
 12269 6214
 
Noyesne sur 3 ars (2) 34972 22809
 

COUTS VARIABLES LIIUELS IPCFA/A): 
Sesences 5000 690 000 8000 690 8000 600 550 600 600 550 600
 
Traitesent des setences 504 63 504 504 63 504 63 63 63 63 63 
 63
 
Trait. Ictellic des stocks 660 
 0 440 660 0 220 2 0 0 0 0 0
 
Total 9164 753 8944 9164 753 0724 663 613 
 663 663 613 663
 

CHARGES AJNUELLES (FCI/HA/ANI:
 
Materiel agricole 
 2775 2775 2775 2775 2775 2775 2775 2775 2775
 
Attelage 4190 4190 4190 4190 
1190 4190 4190 4190 4190
 
Fertilisation a PIT 3712 3712 3712
 
Total 10677 10677 10677 6965 6965 6965 6965 
 6965 6965
 

00?5 VIAIAEILIS
ITCHRGES OJIUELLES (FCFAI/AI:
 
Aouel 19841 11430 19621 16129 7718 15689 7628 7571 7628 663 
 613 663
 
Nojenne sur 3 ans 16964 13179 
 7611 646
 

AUGNENTATION DESCOOTS VRIA8LES ITCHARGES IiI8ELLES (FC11/11/I: 
Noyesne sur3 ass I1) 16318 12532 6965
 
Noyenne sur 3 ass (21 9353 
 5567
 

IENUNEIATION 01L JU000E8 WOEUVRE (FCFA/HONME JOUR):
DE MAIl 

Annuelle 329 1319 
 61 318 680 36 266 318 275 297 330 305
 

BENEFICE 11T (FCF1/A( IlI:
 
Innuel 17839 50795 2244 17006 27028 2036 14710 15829 14069 15737 16187 14937
 
loyenne sur3ans 23626 
 15357 14869 
 15620
 

IENEFICK NET (FCIAIBA) (2): 
AnAuel 12927 44262 -3164 11938 20446 -3492 8772 9222 7972
 

oyesne sur3 ins 11001 9631 
 5655
 

IUGNXITA1?O NIT 1FCFA/BA):DUSEIEFICI 

Nojesne sur 3 ass (1) 3006 -264 
 -751
 
Noyenne sur 3 ans (2) 9353 
 975
 

II1Vis-a-vis delarotation triesnale Ail-Ki1-sil avec latechnologie traditionnelle.
 
(21Vis-a-vis delarotation triennale sil-til-Ail avec I techoologie traditionnelle aselioree (equipee).
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TABI, G.4: 
BUDGETS FIIAICIIRS DR LI ROTITIOI ARACHIDE-MIL-IRACHIE POUR LE$O0 SUD (FCFI/BA/ANI. 

TYPE 09 ROTATION: AIRICHIDE IRACHIDE NIL ARACHIDENIL ARICHIDE NIL NIL NIL KIL NIL 

STIag TECHIOLOGIQUE: AVEC PIT 
 SANS PIT 
 TR1DITIONEL AMELIORE TkADITIOIKEL
 

SENEFICE BRUT 
Nil Irains 

RUEL (1CFI/Hal: 
43000 35000 21600 15900 4800 21600 15900 

Armcbide graines 28500 11500 21500 13000 
Fane d'arachide 5472 2208 4128 2496 
Benefice brut 33972 43000 13708 25628 35000 15496 21600 15900 4800 21600 15300 
Gain de lain d'oeuvre (1) -3807 4601 -276 -761 5215 -276 7613 6135 1839 
Gain dezaid d'oeuvre (2) -12694 -1535 1831 -9309 -921 1831 
ienetice brut total (1) 
Benefice brut total (2) 

30165 
21271 

47601 
41465 

13432 
15539 

24867 
16319 

40215 
34079 

15220 
17327 

29213 
21600 

22035 
15900 

6639 
4800 

21600 15900 

AUGMEXTITIOI DU BENEFICE BRUT I[CI/laI:
 
Noyeone ur 3 ins (1) 14133 
 10500 3029
 
Nojenne sur 3 ans(2) 26094 22575
 

COlTS VARIABLES ANIUELS (FCFi/Bi):
 
Semences 8000 690 8000 8000 690 8000 600 500 600
600 500 

Traiteient des seences 504 63 504 504 63 504 63 63 63 63 63

Trait. Actellic des stocks 660 0 220 440 0 220 0 
 0 0 0 0

Total 9164 753 8724 8944 753 8724 663 563 
 663 663 563 


CHAGES AJMUELLES IFCII/AI/AI):
 
Materiel agricole 2775 2775 
2775 2775 2775 2775 2775 2775 2775
 
Attelage 3352 
 3352 3352 3352 3352 3352 3352 3352 3352
 
Fertilisation auPIT 3712 3712 3712
 
Total 9839 9839 6127
9839 6127 6127 6127 6127 6127
 

COUTS VARIABLES 8TCHARGES IJORMLS (YCFIIHIIAlJ: 
Annuel 19003 18563 688010592 15071 14851 6790 6690 6790 663 563 

Nojenne sur3 rins 16053 
 12267 6757 
 630
 

IUGNIITATIOI DESCOOTS VAIABLES ElCHARGES ANOELULES (PCFA/BIA/I):
 
Noeine sur 3 
ans(1) 15406 11621 6110
 
Moyeone aur 3 ins (2) 8441 
 4656
 

RENUIERITION 0 LAJOURNEE 0 NAIlD'OEUVE (PCFA/NOMMI JOUR):

Annuelle 230 -101 852
926 185 
 13 423 307 -00 381 307 


BEIEFICE NET (FCFA/8A) (1):
 
Annual 11163 37009 
 -5131 9796 33335 369 22423 15345 -151 20937 15337 

Wojenne sur 3 ans 14347 
 14500 12539 13170
 

BINEFICE IE (ICPAI/)(2):
 
Anntel 2275 30473 -3024 1240 
27199 2476 14010 9210 -1990
 
Nojenns sur 3 ans 10041 
 10308 7343
 

AUGNENTITION 00 INEFICE IET (FCFA/IH):
 
Noyenne Sur 3 nn (1) -1274 -1121 
 -3081 
oyenne sur 3 ans (2) 1386 1652
 

(1)Vis-a-vis de larotation triennale mll-mil-mil avec latechnologie traditionnelle.
 
(2)Vis-a-vis de larotation triennale mil-mil-mil avec latechnoloqie traditionnelle anielioree
(equipee).
 

NIL
 

4800
 

4800
 

4000
 

600
 
63
 
0
 

663
 

663
 

92
 

41327
 

.­
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ANUEXElG. 

THWLEAU 	 A L12ere CULTURE DR LILOTATION KIL-MIL-MIL SELON LISZOIES0.5: 	BUDGETS FIAIClIS DE Ll CULTURE DISESAS COMPLIES 
ECOCLIMITIQUES [1CFA/1I/AN). 

ZONE: SOD CEITIE/PLATEAU lORD 

STI TECEMOLOGIOUS: SESLIE MIL(2eae anneel SESIKE KIL(2ese annee) SESAME Nil2eie annee) 

AMELIORE TR1D.A. TADITIONNEL AMELIOIE TRID.AN. ?KADITIONNEL AMILIORE 7T1A.1A.TRADITIOINEL
 

HIFICE BRUT (CF/Ha): 
Nil 15900 15900 16800 1600 15000 15000 

Sesaze 42000 33750 21000 

Benefice brut 42000 15900 15900 33750 16800 16100 21000 15000 15000 

Gain de&ain d'oeuvre (1 307 5135 1932 6607 2246 6213 
Gain de aaind'oeuvre (2) -5833 -4452 -4010 
Benefice brut total(1) 42307 22035 15900 35732 23407 16300 23246 21211 15000 

Benefice brut total (2) 36167 15900 29290 16800 16912 15000 

LOGNRITATION DO1IIEFICE 1RUT {CIA/Ba):
 
(1) 
(2) 

26407 
20267 

6135 18932 
12498 

6607 3246 
1982 

621 

COOTS VA1IUJLES AIIUELS FCFI/1): 
Seences: Nil 

Sesame 
Traitenent setences de Ail 
Fertilisation 
Couts variables totaux 

1500 
0 

4550 
6050 

500 

63 
0 

563 

500 

63 
0 

563 

1500 
0 

4550 
6050 

550 

63 
0 

613 

550 

63 
0 

613 

1500 
0 

2275 
3775 

600 

63 
0 

663 

600 

63 
0 

663 

CIGES NIIUELLESIFCFA/81/AN): 
Materiel agricole 
Attelage 
Charges annuelles torales 

2775 
3352 
6127 

2775 
3352 
6127 

0 
0 
0 

2775 
4190 
6965 

2775 
4190 
6965 

0 
0 
0 

2775 
3352 
6127 

2775 
3352 
6127 

0 
0 
0 

COLTS VIRIIBLES l CHRGES LINGELLES ICI/BAlAN): 
12177 6690 563 13015 7578 613 9902 6790 663 

IUGNUTATIOi DESCOUTS VAIIABLES ITCHUIGES AMIUELLES 
I1) 11614 6127 
(2) 547 

(FCFA/A/ANI: 
12402 
5437 

6965 9239 
3112 

6127 

111UIRATIO1 DR LIJOUR110D NllD'OEUVRE (FCFI/HOMN JOURT: 
609 307 307 

LUGMITIATION DR LA REMUNERATION D LA JOURNE DR KAilD'OEUVRE IFCFA
(1) 302 0 

(2) 302 

482 
/HOMR JOUR: 

152 
164 

31s 

-12 

330 317 

-23 
-32 

349 

4 

345 

INIFICE lE?IFCFIEAI: 
(1) 
(2) 

30130 
23990 

15345 
9210 

15337 22717 
16283 

15129 
9222 

16187 13344 
7080 

14421 
8210 

14337 

LUGHIITAION DU 3EJEFICE lET 
(11 
(2) 

(FCFI/BA): 

14793 
14780 

3 6530 
7061 

-358 -993 
-1130 

91 

(1)Vis-a-vis deIsdouxione culture deAil de Iarotation aiI-iil-il avec latechnologie traditionnelle.
 
32)Vis-a-vis do Is deaoi'me culture de Aiide larotation ail-sil-eil ivec latechnnlogie traditionnelle aielioree (equipee).
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H: BUDGETS ECONONIQUES DES PIQUETS TECHNOLOGIQUES.
 

TALEAU 5.1: BUDGETS ECONOMIQUES DR L'ISSOCIATIOI NIL-NIEBE AMELIOREE ITTRADITIONNELLE FARZONE {FCFA/HA/AN).
 

SO.47 CENTREiPLATEAU NORD
UD 

STADE TECENOLOGIQUE (1): AXEL:ORE TRAD.AM. TRADITIONNEL AMELIORE 
TRAD.AM. TRADITIONNEL AMELIORE TRAD.AM. TRADITIOIIEL
 
............................................................................................................................................
 

SEIE~ICE 3RUT JCFA/Ha):
 
911 40000 16500 15000 39G00 160 16000 :0i32 
hiebe 18000 27000 2400 17600 3i50 3500 14400 36:: :11. 
Fane deniece 4800 000 6000 6000 7500 7500 3600 402 4800 
3ain depoids vif 4000 
Fuzier 1500 
Benefice orut 60300 25200 23400 62600 289;0 27000 46000 22150 20500 
Gain deAain d'oeuvre i 2) 6293 3740 4503 10583 4970 8350 
Gain demain d'oeuvre (3) -3107 -7961 -4349 
Benefice brut total (2) 74593 33940 61103 39533 50970 30500 
Benefice brut total (3) 65193 54631 41651 
Benefice brut total 14) 

AUGKIITITIOI DO BEIEFICS BRUT (CFAIH): 
(2) 
;3) 

51193 
39993 

10540 40103 
25681 

12533 30470 
19501 

10000 

COUTS VAOIABLES (FCFA/3A): 
Seaences: dil 414 500 500 414 550 550 414 600 600 

Trait. 
liebe 

sesences: Foogicide sur il 
1920 
363 

450 
76 

450 
76 

1920 
363 

480 
76 

450 
76 

1920 
363 

540 
76 

540 
76 

Fertilisacion: 
Fongicide s/niebe 

Phosphate 
76 

10292 
76 

10292 
76 

5146 
Oree 

Trait. phytosanitaire auDecis 
4043 
4520 

0 
4528 

0 
4523 

Trait. des stocks: ?bostoxin 484 484 242 
Sac 

Coutz variables totaux 
1211 

24132 1026 1026 
0 

13075 1106 1106 
0 

12690 1216 1216 
CR11G5S ANOUELLES {FCFA/01/Ai): 

Appareil T 15 2031 0 2031 0 2031 0 
Materiel agricole 3594 3217 3217 3217 3217 3217 
Attelage 11882 3645 4557 4557 3645 3645 
Charles annuelles totales 17507 6863 9806 7774 0094 6863 

COUTS VAR.&CHAIGES ANIU8LLES1FCFI/HA/AI) 41640 7809 1026 27084 5551 1106 21554 8079 1216 
AUGMIETATIOI DES COUTS VA1AILES ITCHARGES ANNUELLES IFCFA/HA/AN): 

12) 40613 6363 26778 7774 20360 663 
i3) 33750 19003 13505
 

IEMUI1ATIOI D9 LAJODIUEE 01 Mill D'OURE FCFI/HOMXE JOURI): 
100 444 350 731 590 450 673 512 390
 

AUGMENTATION DoLAREXUJIOATION DELAJOUIEE DE MAIN D'OEUVRE IFCFA/HOKME JOUR):
 
(2) 	 230 94 2i 140 281 
 114
 
(3) 136 141 167
 

BLIEFOCI Is?(CFA/SA): 17311 22374 20069 25894 
 14071 19284
 
(2) 	 32953 26051 39219 30652 29386 22420
 
(3) 23553 26747 20066
 

AUGENIATIOI DU BENEFICE I?11CF1/HA):
 
(2) 	 10579 3677 13326 4758 10102 3137
 
3) 6243 6675 5996
 

(1)Aneliore: paquot tecbnologique a developper par larecherche systene.
 
Traditionel aseliore: paquet technologique actuellement utilise parlaplupart des produocteurs
equipes.
Traditionel: paquet tecbnologique actuellement utilise par laplupart des producteurs n0equipes.

12)Vis-a-vis do a technologie traditilolelle. (3)Vis-a-vis de latecbnologie traditionnelle aselioree. 
SLe gain de Aain d'oeuvre estleproduit duhombre de jours gagnes parlepaquet tecboolo;ique aultiplie par le coutd'opportunite de la 

Aain d'oeuvre detersine par lateboologie traditionelle oulatecbnologie traditionelle amelioree selon le cas.Cegain de main
 
d'oeuvre est ajonute
aubenefice brut pour obtenir Itbenefice brut total.
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DR LISSOLKEIIT NIL-NIEO 

Superficie iiiet niebeida): 0.75 0.25 (1
 

SCME: CENTRE/PLATEAU NORD
 

TABLEAU H.2: BUDGETS ECONONIQUOES SELON LES ZONES AGOOCLIMATIQUIS(FCIAHA/I/}.
 

SUD 

CULTURE PUR!- NIL NIEBE MIL NIEBE NIL NIE11
 

BENEFICE BRUT iFCFA/Bal: 
Nil 40000 36220 24500 
Niebe 60000 55000 400C 
Fane deniebe 6000 6000 360c 
Gain depoids vif 4000 4200 5000 5000 4000 4000 
Fumier 1500 1500 2250 2250 1500 1500 
Benefice brut de l'assolement mil-niebe 52000 49500 36775 
Gain de main d'oeuvre (2) 10408 3496 9007 -1126 344 -199 
Gain deiain d'oeuvre' (3) 2219 -6658 -2066 -15347 1279 -ii001 
Benefice brut total (21 55988 74996 52257 67124 39344 56901 
Benefice brut total 13) 47719 64842 41184 52903 31279 46099 
Ben. brut totalde assolement mil-niebe(2) 60740 55973 43733 
Ben. brut totaldeassolement mil-niebe)(3 52000 44114 34984 

IUGANIINTION DOBENEFICE BRUT IFCFA/A): 
(2) 37340 28973 23233 
(3) 26800 15164 12834 

COUTS VAIABLES (FCFA/Hi): 
Semences 414 6000 414 6000 414 6000 
Traitement dessemences 363 229 363 229 363 229 
Fertilisation au phosphate super simple 5509 5509 2755 
Trait. phytosanitaire auDecis 15849 15849 15849 
Trait. des stocks: Phoitoxin 1453 1211 969 

Sacplastique 3632 3027 2422 
C~uts variables totaux 777 32673 777 31825 777 28223 

CHARGES 11NUELLES (FCFII/A/AN(: 
Fertilisation auPIT 4372 4372 0 
Appareil T 15 2031 2031 2031 
Nateriel agricole 3594 3594 3217 3217 3217 3217 
Attelage 11812 11182 4557 4557 3645 3645 
Charges annuelles totales 19848 17507 12146 9906 6863 8194 

COOTS VARIABLES ITCHARGES UNULLES )FCFIIOIAN): 
Culture pure 20625 50130 12923 41631 7640 37117 
Issolement mil-niebe 21014 20100 15009 

1UGHEITITIOI DESCOUTS VARIABLES ITCHARGES INNUELLES (FCFA/BA/1I): 
(2) 26987 13994 13793 
(3) 20125 11220 6930 

REIUNEIATION DELlJOUR8 DR Kill D'OKOVIR (FCFAI/HONE JOU): 
615 1045 1161 

AIUGMENTATION DE LA ENIERIION DOLAJOURIEE DE NAIN D'OEUVRE IFCFA/HOXKE JU0I: 
(2) 265 595 763 
(31 171 455 649 

BENEFICE lET()FCI/0A): 
(2) 32726 35073 28724 
13) 23986 24014 19975 

1UGINITATION DOBINEFICE NIT (ICFI/31): 
21) 10352 9980 9440 
(3) 6675 3944 5904 

(I)L'asnolement preconise est une sole de 0.75 Hade culture pure demil etune sole de 0.25 Hade culture pure deniebe.
 
(2}Vis-a-vis de l'association mil-niebe avec latechnBologie
traditionnelle.
 
(3)Vis-a-vis de1'association mil-niebe avec latechoologie traditionnelle amelioree.
 

A Legain de main d'oeuvre estleproduit dunombre de jours gagnes par lepaqueL techoologilue multiplie pa:lecout d'opportunite
 
de lamain d'oeuvre determine par lacechnologie traditionnelle 3u latechnologi raditionnelle traditionnelle selon lecas.
 
Ce gain de maind'oeuvre estajoute aubenefice brut pour obtenr lebenefice brut total.
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TISLILO H.3:UDGITS
SCOIONIQOUIS
DRLAiOTITIOI C0ID0-II-KL-AIRACIDPOORLESIO CERTRE
ITLEPLITSAU ICYI1/A1I}. 

TYPEODIOTATIOI: 
 UICONDI IIL ARAC8IDIARACHIDE NIL ARACOIIIE I1L ILIL IlL NIL NILSTOkl TICHIOLOGIQUI: 
 IVICPIT 
 SANSPIT TRADITIOINEL AMELI01 
 TWOITIONIEL
 

11lEFICI BOT MULL (IC!I/Ha):

Nilgrains 57600 
 21800 
 16400 16100 15600 16400 1I00 15i0
Aracbide graines 34100 1700 19150 
 14300
 
FaneVaracbide 7440 
 4010 6160 3120

3enefi:e brut 
 41540 57600 12710 35510 ;110017420 16400 16100 1500 0600 1600 15600Gaia deAaiad'oeuvre 1I1 -3169 4621 -907 -2311 5941 
306 5952 6602 6112
 
Gaindeilind'oeuvre (2) -7999 -1711-5710 -6717 -579 -4717

Benefice bru,total(1) 37671 6222121063 33129 3474117126 
 21351 13402 21712 16400 16100 15600
Benefice bruttotal2) 33541 5516207070 
20723 2122112703 I00 16.00 15600
 

IUGIENTATIOI 00BOIICE 030?FCFA/gaI:
 
sopenne sur3ans(1) 
Kopence sur3an&12) 

24310 
35491 

12265 
23115 

6122 

COUTSY1111LO, AlUELS(ICYI/HI):
sciences 9600 
Trantesect des secences 610 
Trait. Ictellic desstocks 799 
Total 11009 

121 9600 
76 610 
0 533 

904 10743 

9600 
610 
799 

11009 

121 9600 
16 610 
0 266 

904 10477 

550 
76 
3 

626 

550 
76 
0 

626 

550 
76 
0 

626 

550 
76 
0 

626 

550 
76 
0 

626 

550 
76 
0 

626 

CHIGIS MIUILLIS (FCF1/81/1I):
Mteriel agricole 3217 3217 3217 
ittelage 4557 4557 4557 
Fertilisation auPIT 4372 4372 4372 
Total 12146 1214612146 

!217 
4557 
0 

7774 

3217 327 
4557 4557 
0 0 

7774 7774 

3217 
455, 

0 
7771 

3217 
4557 
0 

7771 

3217 
4557 
0 

7771 

COOTSVdIIkILIS 1ICHOiES IIOILLIS (/II/8IHI):
12noel 23155 1305022119 
loyense Lur ins 11691 

1714 1679 11251 
15231 

1401 0401 
1101 

1401 626 626 
626 

626 

AUGIIHTATION OISCOOTSVAILILES ITCHONCHSAEHOILLIS lICFA/BAII):
Ropeae Sur3in (1) 19052 14591 7754 
mopenne Sur3ins12) 12017 7626 

OIIOMEUTOllDRLAJ0OU110 KillO0EUVII (YCFII/HI JOUR):
Annuelle 279 1273 -2 274 ii9 -17 242 290 240 191 330 306 

IUIIPICE I1T (FCF1/AI)i1: 
Innuel 
Koeane sur3ass 

10516 49171-1026 
20817 

14345 26063 -525 
13294 

13952 15001 13310 
14011 

15774 16074 14974 
15640 

IIEICI FIT(lC1r/HA)(2):
"Duel 
KolemaeSur3 ant 

10315 42112 -5819 
15793 

9939 19542-5544 
7971 

7999 1399 
7166 

7199 

AUGNIITITIOI DOBUIFICI It?(cICl/NI):
loyeAnt sur3ans (1) 5267 -2326 -1532 
Ispesne cur3aot(2) 7137 -671 

illVis-a-vis deI& rotation 
trieatle ail-il-il aec Iatechnologie triditionAeille.
 
(2)Via-a-via doIarotation
trisaale ail-Ail-ail averIatechnologie traditionaelle aselioree
(equipeel.
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TABLEU R.4:UODGITS
ICOIONIQUIS DE LIROTATION AICHIDE-NIL-ARIACHIO POUR LZSEIOSODIFCPAiBA/IN).
 

TYPE DR tOTATION: LIACHIDE NIL ARACHIDE AACHIDE NIL AACHIDE NIL NIL 
 NIL NIL NIL NIL
 
STADS TICHIOLOGIQUE: AVIC PIT SANS Ph? 
 TRADITIOINEL ANELIORE ?IADITIOIJEL
 

IIEFICE BRUT UXUAL (PC1A/a):
 
Nilgrains 
 43000 35000 21600 15900 4800 21600 15900 4100
 
Lzachide graines 2500 11500 21500 
 13000
 
Faae d'aracbide 5472 2208 4121 2436
 
Beoefice bruc 
 33972 43000 13708 25628 35000 15496 21600 15900 1800 21600 15900 4800
 
Gain deaain d'oeuvre I1 -3122 4597 -282 -764 5210 -202 7645 6129 
 1877
 
Gain desain d'oeuvre (2) -11815 -1347 2775 -5664 -808 2775
 
benefice bruttotal1l 30150 4759713426 24864 40210 15211 29245 
 22029 6677 21600 15900 4800
 
Benefice bruttotal121 22157 41653 16483 
 16964 34192 18271 21600 15900 4800
 

AUGKIITITIOI DOBOIERICE BROT (MCPYA/a):
 
loyeane su 3 ins11) 14124 10496 
 3051
 
Noyenono 26764 23142
surIans(2) 


COUTS VAOIABL S ANULS ?CIA/1A): 
Selences 9600 821 9600 9600 i2 9600 500 500 500 500 500 500 
Traiteient desseaences 610 76 610 610 76 610 76 76 76 76 76 76 
Trait. Actellic desstocks 799 0 266 533 0 266 0 0 0 0 0 0
 
Total 11009 904 10477 10743 904 10477 576 576 576 576 576 576
 

C UGES 1IUILLES IICYA/BA/AII: 
Nateriel agricole 3594 3594 3594 3594 3594 3594 3594 3594 3594
 
Attalage 3645 3645 3645 3645 3645 3645 
 3i45 3645 3645
 
Fertilisiation inPIT 4372 4372 4372 0 0 
 0 0 0 0
 
Total 11611 11611 11611 
 7240 7240 7240 7240 7240 7240 

COUTS VARIABLESITCIAIGIS AIIULLIS (FCFA/HA/OJ): 
A lnnal 22621 12516 22088 17983 8144 17116 7116 7816 7116 576 576 576 
oyeane surI&ns 19075 14614 7116 576
 

AOGNIITATION DS COOTS VARIABLES I?CHLIGIS AilULLIS WIFA/8A/AI):
 
Noyenne sur3 ins I1) 18128 13968 7170
 
Noyene surI ans (2) 11463 7003
 

RENUMATIOI DELAJOUI1 D KAIl D'OEUVRE JOU):(FCPA/818N1 
Annuelle 175 171 -175 134 511 -46 394 269 -121 382 306 94
 

IEIIPICE BIT (FCIA/HA) (1):
Annouel 7529 35082-1662 6811 32066 -2502 21429 14214 -1139 21024 15324 4224 
Noyenoe Sir3ass 11316 12141 11501 13524 

UI1FICI lIT (ICFAII/)(2): 
Analo -464 29137 -5605 -1019 26011 554 13714 8ol4 -3016
 
Eoynane sur3 ais 7619 1521 6214
 

AGNEITATIO! DO5IIIFICE lIT (FCPA/BA): 
loyenne sar3iso(1) -4304 -3472 -4119
 
loyenne saur -966 -128
3 ns12) 


(1)Vis-a-vis doIsrotation triennale all-ail-ail aveclatecbnologii traditioacelle.
 
(2) Vi-a-mvis deIsrotation triemal, all-ail-ail avocIatechnologie traditionnelle sielioree (equipee). 

,I "
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TILL1U 8.5: BUDGETS ECOIONQUIS DI Ll CULTURE DR SISAXI
COMPARES A Li 2ee CULTURE DELL ROTATIOI NIL-MIL-MIL SELON LIS ZONES
 
ECOCLIKATIQUIS (FCI/OIlkiI.
 

ZONE: SUD CENTREPLATEAU IOID 
STiUB TICHIOLOGIQUE: SESAME MIL(2eie innee) SSAME KIL(2eae annee) SESAME MIL(2eme anneel 

ANOLIORE TRIO.AK. TRIDITIONNEL AMELIORE 7R1D.AM. ?RAOITIOXNIL AELIORE TRA.AM. IRADITIONO1L 

EXIFICI BRUT ()FelOaI: 
dil 15900 15900 1600 I00 15000 15000 
Seosme 60329 48479 30164 
Benefice brut 60329 15900 15900 48479 16d00 16000 30164 150CO 15000 
Gain Jenain l'oeuvre (1) 306 6129 1910 6602 2243 6213 
Galn demain 4'oeuvre (2) -5359 -4055 -3651 
Benefice brut total (I) 60635 22029 15900 50159 23402 16800 32403 21213 15000 
Benefice brut total (2) 54970 15900 44424 16900 26513 15000 

AUGKNETATIOI DU BIJEFICI BRUT (FCFI/Hal: 
(1) 44735 6129 33659 6602 17400 6213 
(2) 39070 27624 11513 

COUTS TIRIABLIS AINUELS (ICIA/El): 
Seences: Ill 500 500 5N 550 600 600 

Sesace IICO 1100 1800 
Triiteneot sexences de ail 0 76 76 0 76 76 0 76 76 
fertiljsatioo 5509 0 0 5509 0 0 2755 0 0 
Couts variables tocaux 7309 576 516 7309 626 626 4555 676 676 

:81iGES ANNUOLLIS JCFA/11A1i: 
Kateriel agricole 3217 3217 0 3217 3217 0 3217 3217 0 
Attelage 3645 3645 0 4557 4557 2 3645 3645 0 
Charges annuelles totales 6063 6063 0 7774 7774 0 6863 6063 0 

COUTS VARIABLES ITC1aRGES ANNUELLS IFCFIIA/AN): 
14112 7439 576 15003 8401 626 11417 7539 676 

AUGMEITITION DES COUTS VAOIAILIS ITCHARGES ANNUELLES (FCA/OA/ANI: 
Ill 13596 6863 14457 7774 10741 6863 
(2) 6733 6683 3878 

REMUNERATION D LAJOURNSE DRMAI D'OUVRE (ICIA/0OMME JOUR): 
942 22 306 777 290 330 536 317 345 

AJGMENTATIOI 29LAH3U0NERATIOO DR LAJOUNES DEKAIlD'OEUVRE IFCFA/HOMNE JOUR): 
Ill 636 -24 447 -40 190 -20 
42) 660 481 218 

BENEFICE NUT(ICFA/81): 
(I) 46463 14590 15324 35376 15001 16174 20990 13674 14324 
(21 40798 0461 29340 0399 15096 7461 

AUGNEITATIODOUBNIFICE NET(FCFA/AI: 
(1) 31140 -733 19202 -1173 66671 -650 
(2) 32337 20941 7635 

i) Vis-a-vis deladeuxieme culture deailde la rotation iil-kil-Mil avec latechnologie traditionanelle.
 
(21Vis-a-vis deladeuxiese culture demilde a 
rotation oil-mil-sil avec litechoologie traditionnelle aaelioree (equipee).
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ANNEXE I: ANALYSE DE SENSIBILITE DES PAQUETS TECHNOLOGIQUES.
 

TABLEAU 1.1: 	ANALYE DE SENSIBILITE DU TAUX MARGINAL DE RENTABILITE DES PAQUETS TECHNOLOGIQUES EN 
VAR:ANT LES PRIX OU LES RENDEMENTS ET EN VARIANT LES CCUTS DES INTRANTS POUR LA ZONE N&'D 

PRX OU RENDEMENT

PAr-E7 TECEN2LIGIVUE ij -50% -2n -10% 01 +101 +2,% "5c% 

A)	EXPLOITATION NON EQUIFEE:
 
Association N-1 aielioree Doaine Doiine 11 26 41 56 101
 
Assolement M-N aleliore 17 99 121 142 163 184 248
 
Association M-N trad. alelioree Dosine 40 52 63 74 83 108
 
Association M-N traditionnelle
 

B!	EXPLOITAT70N EQUIPEE:
 
Association M-N aieiicree oline DoMine 1 14 26 39 76
 
Assolelent N-N atelicre 36 94 113 131 152 172 230
 
Associaticc F-N trad. aielioree
 

PAQUET TECHNOLIG:IUE (1 -50% -20% -10% 0% +141 +271 +50% 

A)	EXPLOITATION NcN EQU:PEE:
 
Associaticon M-N aielioree 150 57 
 40 26 15 6 Doine
 
Assolezent M-N aieliore 382 202 169 142 120 102 62
 
Associaticon -N trad. aielioree 235 106 82 63 48 25 6
 
Ass::iatizn M-N traditicnnelle
 

B)	EXPLC'TATON E,'UIPEE: 
Ass::iaticn M-N ieicree 105 37 24 14 6 Dozine DcMine 
Assoleient M-N aielicre 349 187 157 133 113 97 61 
Asscciaticn N-N trad. atelioree
 

li)M-N: Mil-Niebe
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TABLEAU 1.2:ANALYSE DE SISIBILITE DOTAUX N1GIMAL H RENTABILITE DESPAQUETS TECHNOLOGIQUES ENVARIANT
 
LIS PillOU LES RIDEKEITS ITENVARINT LES COOTS DES INTRANTS POUR LESZONES CENTRE ITPLATEAU.
 

PRIX o RENDEMET
 
PAQUET TECHNOLOGIQUE 11) -50% -20% -10% 0% +I0% i20% f50% 

IiEXPLOITATION NONEQUIPEE: 
Association M-1 aielioree 
Assoleient N-N taeliore 
Association K-Ntrad. aieliaree 
Association M-Ncradicionnelle 

Donine 
6 
11 

1s 
50 
56 

37 
65 
69 

5i 
80 
0 

74 
96 
90 

93 
111 
100 

140 
157 
125 

Rctation A-K-A aoelioree avec WUTOosine 
 14 37 49 250 282 377 
Rotation K-M-N tradicionnelle 
Rotation A-K-A aielioree sans PIT ciiae Icaine Doine Doiine 5 12 31 
Rotation 4-U-N trad. Dosineaselioree Doine DoIice Doaife Dosine loniae Doaine
 

Culture meiioree dusesane Doiine 2 
 41 5) 149 171 238 
2eannee rot.K-M-N crad.atelioree 0 5 19
 
2eannee rotation K-N-N trad. loaine Ooaine Doiine Ooaine
 

B)	EXPLOITATION EQUIPEE:
 
Association N-Naselioree Doine 12 29 45 62 
 79 129
 
lAsoleient K-1 aaeliore 
 2 39 52 64 76 89 126
 
Association -1trad. azelioree
 

Rotation A-K-A aielioree a~ec PIT I 161 
 191 221 252 282 173
 
Rotation A-N-A anelioree sans PUT Doine 3 10 15 25 32 55
 
Rotation N-N-K trad. anelioree
 

Culture anelioree du sesame 35 92 Il1 130 149 
 16a 224
 
2e annee rot.M-K-K trad.anelioree
 

CCUTS
 
PAQUE? TECHNOLOGIQUE Ill -50% -20% -10% 0% '1G% t20% +50% 

A EXPLOITATION NONEQUIPEE:
 
Association N-N aaelioree 210 94 
 73 5i 41 30 4 
Assoleneot N-Naneliore 259 125 100 10 64 51 21 
Association K-Ntrad. aaelioree 266 127 101 80 63 19 1
 
Association N-N traditionnelle
 

Rocation A-N-A aselinree avecPNT 535 
 .98 .54 49 36 24 Ioline 
Rotation N-N-N traditionnelle 
Rotation A-N-1 anelioree sans PNT I14 35 9 Oncine lonine oine DOcaine 
Rotation 8-N-K trad.anelioree 32 12I Mine Domine Mine Donine Doiine
 

Culture aselioree dusesame 350 113 i52 53 39 27 2 
2eannee rot.K-N-K trad.aielicre 93 19 6 Donine Doine onine Ioine
 
2eaonee rotation N-N-N trad.
 

B)	EXPLOITATION EQUIPEE: 
Associatio N-Nalelioree 176 78 60 45 34 24 2
 
Isjoleient K-I ameliore 204 99 00 64 
 51 41 17
 
Association N-N trad. anelioree
 

Rotation I-K-I anelioree avec PNT 514 294 254 221 195 173 124
 
Rotation A-N-A anelinree sans PIT 63 
 29 23 18 13 10 2
 
Rotation NK-N-M
trad. aielioree
 

Culture aielioree du sesane 292 171 148 130 L15 
 103 76
 
2eannee rot.K-K-K trad.aselioree
 

(1)K-N: Nil-Niebe A-N-A: Rotation arachide-iil-arachide 
N-K-N: Rotation nil-nil-nil PAT:Phospbate Naturel deTilessi 
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ANNEXE I.
 

TABLEAU 1.3: ANALYSE DE SENSIBILITE DU TAUX NARGINAL DE RENTABILITE DES PAQUETS TECHNOLOGIQUES EN
 
VARIANT LES PRIX OU LES RENDEMENTS ET EN VARIANT LES COUTS DES INTRANTS POUR LA ZONE .vD
 

PRIX OU RENDENENT
 
PAQUET TECHNOLOGIQUE (1) -50% -20% -10% 0% +l0 +20% +50%
 

A)EXPLOITATION NON EQUIPEE:
 
Association M-N aselicree Doiine 1 14 26 39 51 89 
Assoleien, M-N aielicre Dotine 35 46 57 60 73 104 
Association K-N trad. amelioree 3 48 61 72 83 93 119 
Association N-N traditionnelle 

Culture aielioree du sesaie 
 27 90 109 269 306 343 209
 
2e annee rot. M-M-M trad.aieliore Doiine Doiine Doiine 0 6 12 27
 
2e annee rotation M-M-M trad.
 

B)	EXPLOITATION EUIPEE:
 
Association M-N aielioree Doiine DoMine 8 19 30 41 
 74
 
Assoletent N-N aieliore Doiine 35 46 57 68 78 
 104
 
Association N-N trad. aielioree
 

Cult-re aielioreE du sesaie 
 109 205 237 269 301 333 429
 
2e annee rot. N-M-M trad.aielicree
 

COUTS
 
PAQUET TECHNOLOGIQUE ;1) 
 -50% -20% -10% 0% +10% +21 +50%
 

Ai	EXMLOITATION NON EQUIPEE:
 
Associction M-N amelicree 151 
 51 4C 2e 15 5 Doiine
 
Asscleient N-N aieliore 214 75 3
97 57 3i 5
 
Asso:iatio: M-N trad. azelioree 251 117 92 72 56 4 13
 
Associatic X-N traditionnelle
 

Culture aselioree du sesaie 
 635 361 310 269 107 89 52
 
2e annee rot. N-M-M trai.aieliore 104 
 26 12 0 Donine Dosine Dotine
 
2e annee rotation N-N-M trad.
 

B)	EXPLOITATION EQUIPEE:
 
Association M-N amelioree 126 46 31 
 19 9 1 Doline
 
Assolezent N-N aieliore 214 75
97 57 43 31 
 5
 
Association N-N trad. aielioree
 

Culture aselioree du sesaie 562 342 302 269 
 243 221 
 172
 
2e annee rot. M-M-N trad.aaelioree
 

11)	N-N: Nil-Niebe
 
N-N-N: Rotation Nil-mil-mil
 

/J
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T1U156 I.: leatabilite noyeanne d'opportusite 4u capital doSot.
du travail etrentabilite narginale delajournee detravail avec un cout 


Benefice CoutTntal Rentabilite Intrait Journee Rentabilite Noy.Rentabilite lentabilite harginale
 

Palaec Tecinnlogiluell) Brut(1Crl) IFCFAJ duTravail Travail Supplesentaire duTravail
(4)Marginale du parJnurc=a 151
 
,} 23) P Pjqurl) jcun FCFAijnur) ?ravailFCFA 1FCFiAi3or
 

Ten. trod.surl'ossociation N-N 20500 1105 18696 48.5 1..5 315 501 to 

Associatian N-1anelicree 46000 1706 1I195 36.0 5.0 505 623 125 
Asacleent N-Nanelooree 36775 9203 17572 31.3 3.5 567 6417 1933 

Tenh.trans.Sur1'ass3o:ation M-N 22151 2395 11155 27.5 406 

2e annee Jeten. trad.surM-K-N 15000 334. 4 ..5:0o 6.5 337 7359 1209 
Culture anelnoree ,asoesae 2100 14353 6147 35.0 1.5 176 1332 116 

2eannee deteen.trans.surM-K-K 15000 10135 4515 23.5 205 

9) :0115 CITIALE 3100 PLATEAU:
 

Association M-Nanelinree 62600 36433 26113 47.5 4.4 550 752 171
 
Tec. crud. suri'associacion 1- 27000 1640 25361 57.5 14.4 141 oine i6)
 
Assolevest M-Iavelioree 43520 25752 :3743 43.1 9.1 551 6185 757
 
Teth. trans.surl'assocuation M-M 25950 :2217 16363 34.2 496
 

Terdnijae trad.sirrocation M-K-N 56247 363 :5294 50.3 2.6 304 104 ;1
 
totatnon anelinree I-S-A avec?IT 1641 25446 15134 51.C 4.3 293 Donie 16) 
lotation amelioree A-M-A sans PIT 27243 19763 7475 46.7 16.4 160 2624 160 
Teohni;ue trans.surrotation N-M-K 16267 11417 4051 30.3 160 

Ieanteede teco. trad.surK-K-N 16800 920 15311 49.0 6.0 314 1653 27E
 
:llture snelioree Itsesame 33750 19523 14223 43.0 14.0 331 3795 621
 
2eanneede tech. tras. sur K-N-N 16300 11267 5433 29.0 137
 

Cl :Ok SUD:
 

Tens.trad.surlissclation M-N 23400 15;j 21331 6i.0 6.5 3M2 P15; 9417
 
Issoleaeot M-N anelioree 5.100 36276 15724 57.5 13.5 273 173 9
 
Association M-Ianelioree 63300 52749 15551 39.3 0.0 339
 
Tech.trans. 25200 1010 14490 39.0 Ionine (6)
surlassociatinn K-N 	 372 


Technique trod.surrotation N-K-m 110 345 13155 :..0 4.0 263 61I I15
 
Ictatic amelioree A-K-A sans PNT ;5375 11I 6975 46.1 16.0 152 3010 ill
 
Rocation aselinree A-K-AaverM1 )1227 14010 6143 4.1 !9.3 325 Oorine ;61
 
Teconnue trans.surrotation K-N-N 1412 10136 3965 30.0 132
 

Culture aselioree desesame 12000 I266 23735 49.0 19.2 434 17870 941
 
;eannee letecN.trod.surN-a-K 15900 145 15056 50.3 20.0 301 Douie 161
 
e annee dttech. sur 15900 5365 30.0 
trans. N-N-K 10035 	 196
 

(I) 	N-I:Kl-liebe N-N-K: otation Nil-Mil-mil 

A-M-A:lotation ranfide-il-racide PIT:PhospiatL aturel deTileasi 
Technique detransition: Technique neranisee sansintraot eterseur. 
Technique traditionoelle: Technique non-secanisee sinsintrant exterieur.
 

i2) Gai de travail
eclu.
 
incluant un cout ducapital
13)Cout dotravailenclu,mais d'opportunitt: de50%pourlasason agricole.
 

(4) Rentabilite 1Utravail par le notbre Jejournees detravail.
Jivise total 

(51 Restabilite marginale dutravail divise par le sombre 
dejournees supplementairos.
 
161Unpaquet tecbnalogique estdomise a'ilencoourre detravail benefice additinoel.
plus sans 

Source: I partir destableaux F.1.a F.5. delaneie F et les tableaus G.I.aG.5.dv l'u exe G.
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AINEXE J: ANALYSE ECONOMIQUE DES PAQUETS TECHNOLOGIQUES.
 

TABLEAU J.l: 	SUPERFICIE, POPULATION ET TAUX D'EQUIPEMENT PAR SYSTEME
 
DE PRODUCTION DU SENO ET DU PLATEAU.
 

--..........................................-------------------------

ZONE SUPERFICIE POPULATION SYSTEME PRODUC(M} EQUIPEMENT(M)
 

EMBLAVEE(BA) AGRO- AGRO-
ELEVEUR ELEVEUR
 
(2) (3) PASTEUR (4) PASTEUR (5
 

NORD 31250 67823 79 21 20 8
 

CENTRE 37250 119861 95 5 46 -

PLATEAU 10100 42867 90 10 32 
 -

SUD 50550 145120 72 28 20 4
 

TOTAL 129150 375671
 

Sous region (1) 655372
 

Pourcentage(%) 57
 
.............................................-----------------------­
(1)Cercle de Bandiagara, Bankass, Koro et Douentza et les arrondisseients
 

de Boni, Mondoro, Houbori et Douentza Central du cercle de Douentza.
 
Sources: (2)Selon le Rapport Kensuel de I'OMN, Janvier-Fevrier 1987.
 

(3)Selon "Recenseient General de la Population et de l'Habitat
 
(du ler au 14 avril).' Finistere de l'Adtinistration Territorial
 
et du Developpetent a la B:e. Republique du Mali. Juiliet 1987.
 

(4)Kassatbara, Bara, 1980 et Enquete Inforzelle, Projet IER-USAID-MS
 
Decembre 1987.
 

(51Enquete Inforielle. Projet IER-USAID-MSU. Deceibre 1987.
 

LP­
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AINEXE J. 

TABLEAU J.2: 	CARATERISTIQUES DES GROUPES CIBLES !STRATE) RETENUS POUR LE SENO
 
ET LE PLATEAU.
 

STRATE GROUPES CIBLES Pop.IUP Actif/UP Superf. eublav2e Population (3)
 
No (2) (2) Ha % I t
 

.............................................--------------------------------------.
 

I Agropast.Nord non equipe 14 10 19750 16 42864 
 12
 

2 Agropasteur lord equipe 20 13 4938 4 10716 3
 

3 (Agropast.Cent.non equipe 8 6 19109 15 61489 17
 
(Agropast.Plat.non equipe 12 8 6181 5 26235 7
 

4 Agropast.Centequipe 14 9 16278 13 52379 14
 
[Agropast.Plat.equipe 11 8 2909 2 12346 3
 

5 Agropast. Sud non equipe 8 6 29117 23 83589 23
 

6 Agropzst. Sud equipe 21 12 7279 6 20897 6
 

7 Eleveur 	Nord non equipe 15 10 6038 5 13103 4
 

8 Eleveur 	Nord equipe 18 11 525 0 1139 0
 

9 Eleveur 	Sud 14 9 14154 11 40634 11
 

Total 	 126278 100 365391 100
 

Sous region 	i1) 655372
 

Pourcentace T 
 56
 

(1)Cercle de Bandiagara, Bankass, Koro et Douentza et les arrondisseuents
 
de Boni, Kondoro, Hoibori et Douentza Central du cercle de Douentza.
 

Sources: 	(2)Selon les resultats de 1'enquete formelle. Projet IER-USAID-KSU.
 
Decembre 1987 - Kars 1988. Les valeurs statistiques ne sont pas
 
significativesent differentes entre-elles.
 

(3)Selon le 	tableau J.1, Annexe J.
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TIOLO J.3:UIALYOI DRLAOSOCIAIOI IIL-II1 PiA8ITI
ICOIOII00I I T II. 

COltOSAIYs tA STIATS TALiO! 
ILIICII Ui1 U 2 U 3 Aid 11 il 1l 1 Al I is1 1 i10
 

........................................................................................................................................... .o
 

Cootlicientd'Adaptiondobee: 2.00 
STOATOI 
Coeli:iento d'adoqcion smite: 2.00 
Tuind'ndoptio:custlatIt(M0li: 0.0 0.0 0.0 0.0 0.0 0.1 0.2 0.4 0.1 1.6 
SuperticeI1: 1750 0 0 0 0 0 20 10 10 151 316 
luogemtctinn beneficebrtllilllert FCII: 30 0 0 0 0 0 Ill 1210 2401 4ill 0629 
AugeectotinodesCouct(sillier&?CI: 20 0 0 0 0 0 407 000 1600 3211 H66 
Augieatitlo bloefice netli{llorlPCri : 10 0 0 0 0 0 202 404 71 1s06 3112 
SUATE 2 
Cetticiest d'IdoptIO iste: 2.10 
lessd'idopticnCaumltifliq*l: 0.0 0.0 0.0 0.0 0.0 0.2 0.4 0.0 1.1 3.9 
luperfice (lia: til 0 0 0 0 0 10 21 I4 00 Il 
AugleatatioabeneticebrcllliljorlICIAI: 20 1 0 0 0 0 its 40 151 1175 3146 
Augierlttiocdelcolts lillieri ICdI: 04 0 0 0 0 0 135 211 i0 1221 2903 
lugtatIiioWbasilicasitIlilliers ICI)I: 6 0 0 0 0 0 60 16 164 5416 1151 
TIATI3 
Coetlicilstd'adoptioniunte: 2.10 
Iasid'adoptioncsalctifItli: 0.0 0.0 0.0 0.0 0.0 0.1 0.2 I.1 0. 1.0 
topertcelih): 2510 0 0 0 0 0 20 53 112 234 402 
Agloenttiolberetice brutililliergICIA(: 40 0 0 0 0 0 1003 2125 4ill 0i 10731 
AuIglrntticndesCouts(sillleriICII: 27 0 0 0 0 669 1411 20M0 6116 13170 
AupreotetiowbacficesetIlillieonrtAi): 13 0 0 0 0 0 333 706 1402 ]111 6006 
STILTS4 
Coefficient didcptiraluste: 
Tleid'edoptineCIglestil0l: 

2.20 
0.0 0.0 0.0 0,0 0.0 0.2 0.3 0.7 1.6 3.5 

Slpertice(0.: 1MI1? 0 0 0 0 0 20 11 130 3ll 614 
Alugiesttonbenfice brutilillier OCTA: 26 0 0 0 0 0 745 111 3510 7151 11300 
0n7fentiicsdec Coots (lillir&FICI: 10 0 0 0 0 0 51 1117 2611 11S 12101 
Auocentitionbeseticenet(1lIenrlrCTil: 1 0 0 0 0 0 104 4 21 020 2043 4001 

Coeffncintd'edopticaijuste: 1.10 
Tsindr'nptnioculatillhI: 0.0 0.0 0.0 0.0 0.0 0.1 0.. 0. 0.1 1.3 
Sepertice Il): 20111 0 0 0 0 0 20 55 105 200 31 
AgoletctionbsetficebratifilliercFCtAl: 01 0 0 0 0 0 1415 211 53175 10230 10402 
luglectictiondecCostsIflliioICIAI: 41 0 0 0 0 0 l11l 221 4264 0123 00302 
AuglenAtiinbeneficelet (lillisr FCall: 11 0 0 0 0 0 307 002 110 2116 1010 
flUTO 6 
Coleficientd'adoptioejucto: 2.00 
Tcuid adnptinl CaulatifOillh): 0.0 0.0 0.0 0.0 0.0 0.2 0.4 0.0 1.6 3.2 
supetlic(Is): 72179 0 0 0 0 0 is 20 SI 11 233 
igiecnttiwnbeneficebrutifillietICi: 10 0 0 0 0 0 100 1110 2320 163 0314 
AugcetitinO descoutc Ililliera?CIAI: 34 0 0 0 0 0 006 109 li00 3I10 1064 
Augielutinnbelice netllillierlIdA): i a 0 0 0 0 04 ill 362 12 140 
STlll 7 
Coetf:ientd'idoptionrjunet: 1.10 
Tsund'do;tiancnelit(irll : 0.0 0.0 0.0 0.0 0.0 0.1 0.1 . 0.1 0.3 0.0 
superticISO: t030 0 0 0 0 0 3 5 10 10 32 
AugorntationbleeticebrutllilltereICTAl: 30 0 0 0 0 0 01 152 300 0 S 
ienl¢gtItinndescoltsIlilliersFUIC: 20 0 0 0 1 0 61 102 204 36 602 
Acgeontcionbeneficelt IlillirsICIAI: 
OTLATOi 

10 0 0 0 0 0 30 00 101 112 323 

Coofficientd'doptioa esite: 1.90 
Tiend'sdoptgoculitltlUal: 
Superticel(h: 0S0 
lgiel tieO beniticbritllillierlICIAl: 20 

0.0 

0 

0.0 
0 
0 

0.0 
0 
0 

0.0 
0 
0 

0.0 
0 
0 

0.2 
1 
20 

I.A 
2 
30 

0.1 
1 
1 

1.4 
1 

131 

2.6 
14 
213 

Aelselattimndescostsllillier$ICIAI: 1I 0 0 0 0 0 04 21 04 05 119 
Acq1eetitiOlbellicegetl||llierICIAI: 6 0 6 0 0 0 6 12 24 42 i4 
STRATII 
Coeticlet di'doptioafljlte: 0.10 
Tsi dadptias cuultitillh : 
SopertictIll): 14151 

0.0 
0 

0.0 
1 

0.0 
0 

0.0 
0 

0.0 
0 

0.1 
04 

0.2 
24 

4.3 
41 

0.0 
70 

0.1 
Ill 

iegaentatinobeletictbrnt(KillifroICtIi: St 1 0 0 0 0 717 1221 2000 313 6641 
lngenttatn doscootslililersiCti): 41 0 0 0 0 0 061 010 160 2043 4172 
Auglelttiolbelt ice BiL(illier&ICIAI: 11 0 1 0 0 0 140 204 434 141 1241 

STlATiI A 0: 

lSpertice(hi: 1262171 0 0 0 116 202 002 1200 240 
TIaidadoptcn ceatiltif|lt: 1.0 0.0 0.0 0.0 0.0 0.1 0.2 0.5 0.0 1.0 

ArngreettiOlbelsetekrtillieta ICIA0: 0 I I I I S4i 10767 31503 4211 16422 
lsgaentiwtledes Colt IfillieriIdI: 0 0 1 0 0 4000 1031 10000 31010 63001 
lonstatlntibeneficegetllllietcdIII): 0 0 0 0 0 1371 2136 001 11100 22520 

Aul.bleelicebtetllilllielIOl: 3o0 I 005 0 0 0 0 0 it 3i 12 143 ill 
Angsontciolncout(lOlloiriII1: ]00 I 1O1 0 0 0 0 0 it 21 03 106 213 
Aug.beaice lot (sillie$ I Ill: 310011 0f I 0 0 0 5 1 11 37 1 
......................... ... ... . ......................... ........................................... .......... ........... 
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IC021O011903 IIL-11111 ITi3.
1111,309J.3(101lt:3I.LTI o3 L'I|O9I01013 111 12.121 


C01POS.11 3I.011111 
1111 i 11 il11 3I 11 1115 11l 11 7 11 11 U 1t a 20 

Co1fficIet t bill: 2.00
deidoptios 

£ITI I
 
Coifljijest d'adoptiot ijultl: 2.00
 
TOuxd'ldoptiol ceaalitifllal: 3.2 1.1 12.1 12.0 17. 11.1 11.1 11.0 11.1 It.. 
superlice fill: 11752 102 2146 2521 3110 316 1t31 3713 3753 3772 312
 
JupeitiLalO0
beoalicsbrut(illlirsICT1I:03257 3251 77021 1621510512 11072100135 11135111933 115231 
lugitiltiOi desccOtSIlilliers 1173 623.17079ICIII: 25745 51191 74011 7527 71411 7121 71032
 
lusegstitloobeoelice Bitlielierfell): 314 12711 25531 31122 35114 3610 3170 37113 3105 311206 
S7110 2 
Costficiectdadoptlos1Hste: 1.10 
?luzd'adoptica 1.2 21.4 22.1
craulatifillal: 11.2 23.5 24.1 
25.1 25.2 25.) 25.3 
liperfice laO: 2932 403 117 1051 1151 1207 1210 1210 126 1212 1219
 
3slgAontsJt llersFll): 7153 16517 20132 22601 23531 23'16 2212
belice brtulli 24291122137 21357
 
kugantsttio Ilillitrs 5143 3121431211 15152 13CI
desroutt 1C7II: 
 16111 16714 121P 13.52 1222
 
lulseotationbislticelet1lllliers 211 6133
173.: 5412 31 
 7237 7375 7135 7171 I1M2 111 
300113 
Caelficjest isut,: ;.10d'adoptios 

s1 didoptol cualstijitill: 4.1 1.1 11.0 22.5 21.6 25.7 26.1 21.1 26.5 21.5 
lapartict 252l(i3.: 1031 11 4555 5193 1232 61i0 1613 11 111 1711
 

btiefict 717C.:21227logicotatios bruil(illiets 
 36i33112670231221219523 10217026520321752926152 211173
 
lplsatatin 711.:
delcoots(lilliers 27661 5101012197215231116177 173711 1710 7213 175313171131
 

Itpatataios 3.1: 1115
beatict setIlijliert1 2210 1 0199 75337 13016 1611 11123 11196 I1 211442
 

Coefficient 1lsts:
d'idoption 2.20
 
Tai d'dopton cuslatifMlleI: 7.7 17.0 37.4 21.7 50.9 
52.1 53.7 52.1 51.3 52.1
 
suplifictlI1): 11117 1413 32163 7171 151 911 
 17132 10103 10373 1013 10421
 
3u;settition botililliers 33025 1371111431123007125015226030526511 2651
beitice FC30: 
 267111326130 
3.ulqatitiosdescosts(Ellljtri 2122 170250 162 0i21171957300102351171111111157173.: 120021312 

0lulntetioc letIliller
btnetice 7C7I: 1103 21130 47141 5911 
6531 711 61101 Hi 13531 13145

311111 1 

Coetscteotdadoptiolsoso3e: 1.30
 
TaI dadoptio cuslstil llsl: 2.5 2.7 
 2.1 11.2 02.3 13.0 13.3 13.5 13.5 13.i 
Supitfctll: 29117 721 1310 2103 352 3593 37173 3167 )111 3123 3957
 
lsgantatioi brut(lilljers 10131 1115 117l 123935193157 171622005212011522025H
besitice 7etal:31O0 

lsigestitioadescosts(lllijts11): 
 21212 55610IMM)l312071 025923153231157051159731l013 110707
 
3.upeotatiom letiijllicri
beoctice 71fiI: 1621 111 
 2753 34102 31012 39111 20910 1113 1112 20213
 
STIMTi
 

CoaelJfictt miste:
d'Adoptiod 2.3
 
lsl d'adoption
cawulsitji Is: 1.4 12.3 16.0 17.6 11.2 02.2 11.0 09.1 11.2 13.2
 

Superfice
lia: 
 7279 2i 32 0015 1211 133 1361 11133 0 1394 031
 
lugatatotioo bict(ljlliers
bentfice 7173: 0137 37273 41532 51231 53551 54710 55310 51550 55750 551230
 
ugleoato: descoutaI1o'liet
FCII: 15722 31455 311 13231 5112 170 13.77 1013 2172 27115
 
lulaeoti0obaiselic,astIlljlliers 5202 715 i3
1CI1.: 2971 7213 2351 3522 
 2177 1102 1715
 
3IIl 7
 
Coefticiest aluste:
d'odoption 1.10
 
?luxdadaoptioo elsiattfIl: 0.9 1.7 3.1 1.9 7.1 1.05.5 1.3 1.2 1.5 
loperfice 1032 57 103 115 333 215 160 213 500 5o 511(li: 
3ugaisattiobeieficebritUllhers Kitll: 1737 132 5131ll07 014I5 14016 11101 15035 15273 15101


lagaenttjoe descostslilIlersR1I: 110 2011 )11 12) 133 391 101321153 00327 1012
 
lugleatetiol lit(lilljers 511 04 M332
betct, PCIII: 
 110 
 4192 127 010 5033 5132 5112
 
90113 I
 

Co1fficieot
d'doptionaIine: 1.90
 
Tao:d'adoption 5.0 17.3
cksllati11sl: 9.2 22.3 
2.7 25.9 21.2 21.9 21.1 27.2 
hoperftce 525 21 t It 11 130 16 I3 21 12 i)(lII: 

Olo,atitios btatelcebrt(lilliorstell): 501 1133 2535 2111 12
156 2212 2652 2150 2713 
ISlitiollot Il ljlra I1113C.0: 351 112 0213 1510 1751 1177 101 t11coo 1137 0932
 
ilnSt10n b tfijcs IemIllloers 231 101 771 13) 151Fell): 141 5S 115 225 
 157
 

Cotfflcjeit slet.:
d'adoptlom 1.10 
Tsaido1doptiol 1.2 1.1 1.7culllltifillsj: 2. 1.0 9.7 10.2 113. 10.1 10.|

Soperiace I20: I105 201 32 511 317 1221 
 1367 150 111 1527 151 

9sgamtstiol beoefjce brit(lillitjmrs7iI: 1110 17501 13713 50527 0112 1120 1122 7011 71171 71021 
0lgaetstion descostsllillesell): 210 13110 23511 20015 i392 55511 51111 10273 1200 12707 
l.gmletstion litfljller1i73: 2611bmseitce 3213 1121 1112 12170 1142 15320 15151 01155I i31
 

503I1
11.:
 
sperfice 121621 5022 1031
Ila): 
 I2 21931 2730. 2251 21132 21416 2111 21722
 
filod*adoptiom 4.1 1.2 15.1 13.1 11.1 2.21 23.0 23.2 23.5 23.5
ceaultiIII023sh: 


.gstitilobelsilce bratlllllers 
tell):11701 1023511
252222131155157157351157123111012133 1223121132211 
3l.lstlti1 de cootellilliero 23122 133I3 752102fell): 0I3113211011 116203 J101177123110 12101915213 
ligslotltolbllilceet 1173.: 311205 2111 27113fll11iet 151 33310123144 1591 3 272297 21521 211731 
........................................... ................................... 
 ....................................................
 

3lg.beatoiceLrsttlllllreS010: 30 12 111 2273 2220 3152 3213 331 3112 131 3221 
hulmtooti. 3o00 170ost(lilljes 191: 121 
 1153 20i 2302 2201 2235 2232 2501 2522 
111.11el1ce 3li 113 111 313 1l 50 29 303 Ill 323 21lotIIliero 3 0: 

................................................................................................................................
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lUll J. 

IIL|A J.i: AIALIOI£C0101107| D1L1O0LUIT IL-1111I PL |TIT11111 IAl. 

C01P0AITIS PiAt010 TLU! 
IL ICTUOI 11 I 1 2 A 1 11 4 UI II i I III l Al I 110 

Coetticitnl debite:
d'adoplica 2.00
 
iTIATI1
 
Coelficitat $lsir:
da'doptioa 1.71 
Tauzd'adoptioacwlaiafilli: 

Sopertict 11750
fil: 

Aagantnation beeice brutilillieriEChI: 
hluoattion descoutiMllers IC): 
1agaeatatioa at Minliia IChII:biletice 


Caetficitat aoUace:d'iaptlica 1.10
 
TIaud'adapttio
cuallatltlla: 

;1perlict(11: 4931 

loglnatltio ECIu):
btfeice bruLtilliens 

lnapntation dsi ccutl Ilillitia 1CFI1: 
iqalOtnatloA act tleers FCFIj:
bestfice 


Coolficiest lit.:
d'idoptiaa 1.10
 
?all d'adoptioA cuallatifll : 
Ouperfict 25290
(1i4: 

ilagecttial brutilillimai
beaefict ICFIJ: 

lugitaijon doscoout ICIA):lillian 

0iuliattica set hlillier, 
belnfice ICAID: 

STUTI I 
Ccetficitnt ajuste:
dadoptlot 2.00
 
Tau d'idcption 
caalatofltle): 

SIqerfice 15117
111): 


belifice FCII: 

la;Uzttian de Cutsn ?lC): 

Aplniarltiol brutloillielz 


(filliera 

Aglnantation bltict lit lillters
ICIII: 

sniy0 s 
Oetficitat &)Usti: 0.20
d'ld;tlCa 


OIaud'adoptica curnulitifIIh: 
Onperfice 21117l: 
lugsentaito bteftict ICIII:brtln~illitrs 

lugaeoatiion
des¢nuts1IllierlOIC6i: 


loxAnteitial bteicl DetllillierICIII: 


011I006 
Coaticitt dido~tino airint: 0.90
 
liltd'idoptio: cualatiflial: 

lsqrnlic 7271
Ilil: 

luglitctioObenefice Kill:
b ncifilliera 

lugartnita costs ICIIt:
dest illier, 

1iepwao ICII:
icobeefice lot Illillhtrs 

010il0 7 
Caaffijcect d'idcptlna 1.6oijysde: 

Tialdladcptiob
:ulalillal: 

iupertict Ia): i61l 

lierntatiion brut(illitrs
btlefic FC7I): 
Lugleitioo darncostaIlilliersICFll: 

hhgitataciol gel (lillira ?ICFI:
betefice 


S1TEM1I 
Coefficital d'adeptioa inate: 1.70 
Tii didoptioa caulatilial: 
Suprlic[hlli: 525 
lugleatation bileice britlilliera FCAI: 
logarntatio des coots IlillierravCF: 

lugailtatian ICIAI:
bailiceset Ililliera 

$1I1111
 

Cotficirt d'idoptina atju: 1.10 
?iex daidoptio culmll (llal: 
Suprfic (l: 11151 
AupaotatialbentlicebrutllilliertICFIi: 
Alginrlatick dot COVE$ hlillienri Ferl: 
luquaetsticbeettfice
set (iilieriFCIII: 

0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.1 0.2 0.4 
0 C 0 0 0 10 17 21 41 02 

23 0 0 0 0 a 232 3M 61 1132 1105 
i 0 0 0 0 0 131 234 400 111 1131 
9 0 0 1 0 0 11 160 274 63 774 

0.0 0.0 0.0 0.0 0.0 0.2 0.3 0.5 0.1 1.6 
0 0 0 0 0 7 13 24 43 71 

13 0 0 0 0 0 10 167 301 552 1O01 
7 0 0 0 0 0 19 10 1W6 III Ill 
6 0 0 0 0 0 41 77 12 254 Of1 

0.0 0.0 4.0 0.0 0.0 0.1 0.2 0.4 0.7 1.2 
p 0 0 0 0 25 It 11 173 330 

2 0 0 0 0 0 724 1311 2637 5012 HS 
19 0 0 4 0 0 475 112 1721 2i6 Mi2l 
10 0 0 0 0 0 240 071 li 1726 3213 

0.0 0.0 0.0 0.0 0.0 0.2 0.4 0.2 1.I 3.2 
0 0 0 0 0 31 77 153 307 Ill 

i5 0 0 0 0 0 576 1162 2320 H655 1311 
11 0 0 0 0 0 (26 l6 1717 3ill M209 
4 0 0 0 0 0 150 304 103 1211 2122 

0.0 0.0 0.0 0.0 0.0 0.1 0.2 0.3 0.6 1.0 
0 0 0 0 0 21 52 i4 170 )06

37 0 0 0 0 0 1013 1142 3510 6341 126 
27 0 0 0 0 0 713 1403 2537 fill 1251 
10 0 0 0 0 0 300 sit 13 176 3111 

0.0 	 0.0 0.0 0.0 0.0 0.2 0.3 0.5 1.0 2.0 
0 0 0 0 0 11 21 1 75 141 

27 0 0 0 0 0 215 563 Pi5 2010 3210 
20 0 0 0 0 0 121 123 705 1501 2050 
1 0 0 0 0 0 73 140 l 501 911 

0.0 	 0.0 0.0 0.0 0.0 0.1 0.1 0.2 0.3 0.5 
0 0 0 0 0 5 0 11 20 )2 

23 0 0 0 0 0 116 116 271 i6 743 
14 	 0 0 0 0 0 it 110 066 27i 441 

9 0 0 0 0 3 47 76 103 i 1 302 

0.0 0.0 0.0 0.0 0.0 0.2 0.3 0.6 1.0 1.7 
0 0 0 0 0 1 2 3 5 1 

03 0 0 0 0 
 0 13 26 31 i I6 
7 0 0 0 0 0 7 14 31 i 62
 
6 0 
 0 0 0 0 6 12 i 30 53
 

0.0 0.0 0.0 0.0 0.0 0.2 0.3 0.5 0.1 1.6 
1 0 0 0 0 21 32 69 I24 233 

37 0 0 0 0 0 714 119 2576 4630 1327 
27 0 0 0 0 0 567 l26 162 )346 6012 
00 0 0 0 0 0 217 13 714 l224 2301 

........................................................................................................
 
0172 1 9:
 
Soperfice(lO: 026271 0 0 0 
 0 0 Ill 276 504 !I f10
 
Tausd'adoplion
cuilaililh: 
 0.0 0.0 0.0 0.0 0.0 1.1 0.2 0.4 0.1 1.1 
£lugarnla btloeatce ICI1: 0 0 0 0 0 3114bratilillieua 
 7255 13117 241 46115
 
leganlAtitn PCIII:
dotcosts(fillieta 0 0 0 0 0 2702 
5076 1311 17450 32466
 
lAginaala blifice let 111illiars
CIi: 4I 1 0 0 0 llt1 2171 4006 716 13111
 
........................................................................................................
 
liu;.beatictbrIllljllienaI U00: 100 1 1 0 0 0 0 0 0 13 24 i 13 l 
Aientialjiolcolllller I000: 3001 1 s 0 0 0 0 0 17 I0 so 101 
lAg.beseflceNetllIlirs I all: 00 , I I I0 I 1 0 0 0 4 7 13 25 46 
...................... 
.................................................................................
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17ll2u J. 

ICOIOIIO L'USOLUIIIT?IlL2IV J.1(391111: ILi DII IIL.11III 4 17111E 17 tit11. 

CoIl'|AITiH IU STRATI 
kill i U I11 12 A 3 1 11 11 121 117 11ai 19 30 

Coefficient do bill: 
d'adoption LO
 
1112 I 
Cocltciest asite:
d'adoptioa 1.70
 
lould'adoFtlao fitil: 1.2 3.1 IR. 14.0
cuulatn 0.1 2.1 1.9 12.1 14.4 15.3 
Serilct (it): 17150 10 21 405 61 1171 1993 2( 2717 2923 302. 
lu;zgetttiolbeateicebrutlllimlers 325 1409 157IC071: 1521 16001 27221 17(11 S1013 17911 70210 

1931 550£ 1 0 113lu;lecttioAndescacts lillers 10CI1: 3213 1 911 2 27412 3I111 10317 
1slihL5CtiOi bla o isr 0c1i: 1322 3247 321 101 202i l71t 21527alllt 11 1 H 13014 1279s 2331 

2011112
 
Coefficient a]ate:
d'ad:ptiot 1.10 
lltdadqptiocc,,letifilla: 2.2 5.1 9.2 1.1 20.4 22.9 24.1 24.2 21.2 21.4 
lopeiflct 4932 142 252 453 116 ll 113t 1192 121 1.141 125611al: 
IggleiatSOlIbeleficebrutll rcI: 3234 S111 10473 12011 14150 11291 15135 15111 11120 lliers 1717 

14glictmolli 111liars 97 313M1 loss 2211 1131
descoatis l.A): 1746 S1 711! 147 1704 
luoghatatica balefice , 01: 127 1411 211 i12 WoIl 11 1037 7231 73514 I41aet 1dlell 


Coefficientd'adoptian ajusit: 1.9O 
lau d'adaptil 2.5 4.1 2.9 17.0 21.2 23.1 24.1 2S.2 21.1 25.1clIlatilhtill: 

lapetficeIli): 2299 121 1191 2211 I29 131£ 130 1i1 1342 115 £12
 
Aillsstatiao beallic, 7C111: 34472 15501 1241 115471 171112 1(0311 124902 1113l 1211
brythillhirs 11117 
hugsatatioc ie coati(killiers 11M 42945 11571 101921 12133 11215 1211!112271 123612 Kill: 2101 

1uelentataio Bithlilliers 13551 191179 £213 0 14917
bafeics ICI11: 62(1 11171 221I4 4I2 1 £411 
ITUII4 
Ccefticieladsioption ejunte: 2.00 
telldadptico culatllfji: 1.4 12.0 21.i 32.0 35.2 31.4 27. 11.0 321.2 31.3 
lpaati:z Ie1: 11117 1221 215 4912 £140 £751 I1OU 111 721 1329 7349 
iugaimtatioa bkmtlillirs FCIII: 1161 93105 1021£ 119391 10119 111431baimlice 11241 74114 11711 1131 

kIqtuataioa die couts llilliera 17 75 11 £iii2 79221 10931 IIC22 22222IN
1071: 2 550711 1 15777 

knlectitija belelice lit (hlilries 0cri: 4443 9617 19314 21217 2139 27153 2141 21757 21107 24924
 
iTLll 5
 
Coefficient alusti:
d'adoption 1.20
 
TiU Vadopntloncmlastifailel: 1.9 3.4 1 11.0 13.7 11.3 1.1 16.6 11.11 1.0
 
1perfict1l4: 291117 550 990 1713 3209 100 1141 4i42 ((21 4297 419
 
klgatattie benefice brutlIlliers7CI1): 131 3il11 14177 1191231939M I2£ 171914 110015 112153 121421
 
lo;utatla es costs flilliers 1141 4119 16103 101797 1191S1 126113 130101 112151 133,1
(CrII: 6711 
1ugieAtitiasbeneficeecthillierslCII: 54 10241 11451 332 11411 197 41511 49912 10191 51130 

1901l[1
 
Colificitat 3.90
d'dqoAia ]3uice: 
Telsdadoptios cuulIaiflll: 3.7 1.1 13.4 21.5 31.2 35.2 31.9 131.9 31.3 31. 
supafoici 1279 514 114 2511 2711 2791 21101111: 270 91 2317 212 
Aigaoatitio brutilillieri 7231 13715 211 7M1 12091 10 721231 61 74791 71301beoalici 7C07J: 
k1a;itaticI 1431 10344 114 31311 41429 5151 14099 S1W 111il $1550descoats Ilitis FC11: 

lg;Itaetiolbenflieit (lilliers 1102 ISIS 1231£ 15417 1310 17I( 02191 1231 1111
lcl : 1431 


391101 7 
Coefficientdadoptial simite: 1.10 
Tividadplpioiaciaitijli : C.2 1.3 2.1 3.4 1.1 2.2 10.9 3:.1 13.0 13.S 
Saplrficl H; 1332 11 30 332 11£ 11251 21 X2 531 713 112 
lngalaimtaolbtleficebru[hlllhera 111l 3020 7711 11243 Hlll1ill: 112 4029 12337 1710 1111S 
1ile1tataldlScalts IgilialaKill: 103 1117 1193 21s (519 124 9011 10110 111 11200 
logateitattabilfica got lillnaI IC071: 1 1221 3134 113 72110 II 1914 1033 1919 111
 

31111 1 
Cnlficiectd'idpntan &Uite: 1.70 

aut daidosia ctuulitifffll): 2.2 4.2 .2 11.01 17.3 19.3 20.5 21.2 21.1 21.1 
Super{iof i2: 525 15 23 3 13 911 101 101 111 113 115 

brotgilliers 193 13i1 141lugattatiol baelica / l): 321 552 117 129£ 13(1 122 1411 

ligmetatiOn discoai (tilliers CII): 10 373 11 291 01 311 70 711 719 111 797 
Jalglititio let (lillirl It 254 S31 1 55 titballfica 1Cei0: 11 431 37 132 SO4 

292112I 
Calicieat d'ldo;tial 1.10mjuite: 

1istd'sdaptioc claulatitlOaI: 2.2 5.1 9.2 14.1 00.6 22.9 04.1 21.1 21.2 21 
luperfice 14111 122 13100 2310 1911 3234 3117 351 H1 3101(111: 401 

lujtlatitoc beatfici bruthiilllars 415(2 10110 127190 13111 
7C01): 11(73 2195 2I11 120901 131340 131410 
£igaetiatiasdiscoa Ilillira 10122 194ils 302i £3111 11122 131 S211 4 91l 1129ICII: 92(1 
lugalitatioabeflliceat ICrIi: 4151 7274 13151 21224 32191 311] 40 3199 391Ililliers 31271
 

21211119AI:
 
Sprtici Ia1: 121171 3421 £121 12213 19413 23947 24223 2I 2193 307 30412
111 
1ll41'daptiol ciulaltlUe): 2.7 1.1 9.1 19.1 11.0 21.1 22.1 2.4 21.1 24.1 

luatlittioa brit lilliors 15911 012 000014 501114 127151 70161 531172 711112 7910 100141benelice 107il: 
10ls atltiol discoati (illiersFCI: 104715113021 21171 3150511 139(42 493922 1131 510112 110043 117 

1AesitalionbaooliceBit(illiere7C01: 2111 17344 (2311 15117 1119 214611 2216271 371990 212111 2413I 

basllliaua $021: )D.OIICl320 244 13 1000 111 012 2312 2513 251 211) 2110 

$011: Is11 1747 2234 

iff.bamificlot1Ill111 S 02l: N0 IS 1 112 102 i42 1) 793 111 4(9 I(1 
llulgistais caltIllllsal 30 102 317 701 1127 14£ 1103 1152 
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"jli J.
 

POlLIAO 1111,1 ItOC0l020l0 U.CII-IIL-UACIODI Mi ITI0
J.5: ILl 0t010Tl0I 1I P01iI.
 

Caspo1i1lsPU 110110 1lI1! 
pIiCIAI la11 111 11 0i4 if S 10 I I1 11 I liI is 10 

C¢ittlciOta4ido;Ois dobass: L0 

$?liltI 
Collficiticd'odaptiosIjuste: 0.00 
TlUld'aloptialolselijlll l: 
sqferice 1l1: 911 
Julleasition botulillitts
benefice ICIII: 

lAupell ilo:dls cogLs lullders 1F01: 
&Ikpetclooc aftIlilOlitr
beatfice ICIdI: 
31011%2 
olel ut0eoL ejuslt:d'ldo;tion 0. 
TlM VIdopUoCCCUIsltItIIle: 
spelztllsI: 217 
lugieltatiao btucljlllietrbenefice 1C1: 
lugaencliat dtecods llilliersICTII: 

hullleatiocbenefice peII:
Alf Il1lhers 


110010
3 
CoefficieaLd'idogcioa aIolt: 2.10 
?illVadoptios
cuilitiflhlal: 

Ispetfice 1219
1hi: 

liqu~aiLtiol brotllillIerll:beciticI tn 
llgAlmltaigg i ICII:delct lllisers 

0lgaltatiol aet illileri
blltfice Cll: 

SIM I
 

Colfficient d'44o;tica 2.20alllte: 

YIouVidqciop II ltlli:
cuauat 

luptrfica 11f1: 0$9 

becigice PCIll: 
lujllknstioc Idll: 
lV4meotItion bnritiilliers 


descitshilliier, 

iugatAtiioa cot Ilillera
becifice Idll: 
ITE S 

Coefficient
Vladtico)lustt: O.0O 
7io dadqoptoc c0ltillatill: 
superte(all: 450 
luglectitio twrtllllil[s
benefice IFll: 
1lUlIgs dts FdCl:Oatoo cMIA 11l1e 

luglenclolol gethlilliers
baleice MYIl: 


Coflficient le:
d'IdcptIOnt 0.00 
?ouI adqfiolpocUAlliftllOl: 


Ospertile 314
(161: 

lsleo1tltiosbeletc brutillolliers
ICIIl: 

luggeItiiotccus PeIdl:
des 1lilliels 
lugleOsitlobenetIce t 11loorsIdCII: 

0T111 I 
doeffjcieaOt Visdl;ica sje: 0.00 

his d'ldopti C22ls1tifillll: 
Osperticel 002l: 

loiectiio Id(ll:beetice brutililljers 
luglelitiol descosts Ioligls dll : 
Au;ptOaitjio actIlllliersbemtlice IdIll: 

01170 I 
Caelffcieot Ij 0.00l'edcptloo ite: 
Tiundadoptmioocouullifltll: 

lpertice fill: 2i 
151lectitiolbtlleice brottllliersIl: 
l igulttieodancoutfRlilIel MAPlI: 

li lstastial aftIlillioer
bllelice IdIll: 

01lTI 9
 
CoefficlitdIdoptu Olllt*: 0.00 
Tllad'mdoptioacusalitillOll: 

IoperficIlli): 701 
ImlOaotitioa bsllti!b tlllolieos IdIl: 
liso tatiton diecauts (hllera 101): 
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11MUS K: VALEOI 1CO1OMIQUI DOPROJIT 3!ANALYSE DE SENSIBILTE.
 

TALIU 1.1:VALEUR ECOMONIQUI DOFOM0 (Hilliers de 	5US) (I)
 

3 AN 5 If 7 I 9 
IUBhIQUE 	 I AN2 IN I N4 I 6 Ifa I 10
 
.............................................................................................................................................
 

OSTISIS
 
Alu.lebenefice brut, il-niebe 0 0 i 72 26i
ussociatioan 0 0 0 36 143 


Ad;.debenefice brut,assole entail-niebe 0 0 0 0 0 13 24 
 45 13 154 
0 0 0 0 0 0 2 5 10 22
 

Aug.Iebenefice brut,rot.aracbide-ail-aracbide 

lug.iebenefice brut,culture desesame 	 0 0 0 0 0 0 8 15 19 56 

0 U 0 0 0 31 70 136 265 520TOTAL EITDaES 

SORTIES
 

COUTS DOEPRODUCTION SUIR
L'EIPLOITATIOI
 
53 106 213
lugiencation decout,association ail-niebe 0 0 0 0 0 14 27 


lu;leotation de cout, assolelent Ail-oiebe 0 0 
 0 0 0 9 17 31 58 106
 

AugAeotation de out,rot.aracbide-sil-aracbide 0 
 0 0 0 0 0 1 3 5 12
 

Alulentatioc decout,culture desesame 	 0 0 0 0 0 0 2 4 9 17
 

0 0 0 0 23 47 92 178 349
COOTS TOTIU1SU L'IPLOITITION 

COOTS DOPROM
 

Couts ducapital (tinancezent fIDE:
 
Assistance tecunique 0 340 325 310 305 5 5
 

Formation court-terse 0 35 28 21 218 0 0
 

Velicules 0 60 0 0 60 0 0
 
iquipezent dereczerche 0 24 2 14 17 12 14
 

Equpement debureau 0 22 3 0 20 0 0
 

leubles 0 175 25 0 0 0 0
 

306 348 76 0 0 0 0 	 -365
Construction

laprewus 3.10 31 100 46 35 44 	 2 2
 

1 -365
Sous total 336 1102 501 37 43 21 0 0 


Couts recurreats ifinancesent 1101:
 
Salaires 

Staff professionoel 0 15 15 15 15 15 15 15 15 

Staff d'appui 0 20 20 20 9 20 20 20 20 

Intretien desvebicules 
 0 11 15 15 11 11 11 11 11 

Fournitures debureau 0 10 10 I0 7 7 7 7 7 

Location, Kaux& alectricite, Intretien 0 17 17 17 12 12 12 12 12 

Fournitures derecherche 0 12 12 12 1 8 0 I I 

Activites cooperatives derechercbe 0 31 31 31 31 31 31 31 31 

Evaluations 200 0 0 40 G 0 80 0 0 

Ispreous 0.jo 20 1; 12 16 1 10 i 10 i0 

Soustotal 220 129 130 171 101 113 201 113 113 0 

Couts recurrents (financement gouv.duBali) 
Salaires 
Staffprofessionnel 0 37 J7 37 37 37 37 37 37 

Staff dappul 0 4 4 4 15 4 4 4 4 
Entretien desYebicules 0 0 0 3 4 	 4 4 4 4 

Fournitures debureau a 0 0 0 3 3 3 3
 

Location, Iun& Electricite, Intretien 0 0 0 0 5 5 5 5 5
 

Fournitures derecberche 0 0 0 0 4 
 4 4 4 

Ictiiites cooperatives derecberche 0 0 0 0 0 0 0 0 0 

aprevns 0.10 0 4 4 4 7 6 6 6 6 

Saoutotal 0 45 45 45 75 62 62 62 62 0
 

COOTS TOTIU 00OROM 556 1277 676 60i 65 194 285 176 176 -365
 

TOTAL SORTIES 556 1277 676 606 659 
 217 332 267 354 -16
 

IVAIGIS SOPPLINITIIRES NETSlnetcash floil 	 -556 -1277 -676 -606 -659 -115 -262 -131 -19 535 

VILEUR IOTTO iCUILISEE A 12% UJCOOTD'OPPORITITE DOCAPITAL (illiers SUSk 648 
TAUI 00REITBIIT ICOXOGYIQU 13.72(1) 

RATIO WVITIAGES I.2I
IETS-IIVESTISSIMNITS A 12% DOCOOT D'OrPORTUNITI DUCAPITAL 

iIIl Iffets directs 4oiquezent. 
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AlEE 1: VALEUR ECOIOKIQUE DU POJET ETAALYSE DESENSIIILTE. 

TABLEAU .I 1SUIT11:VALEUI 3CONONIQUE DUPIOJET Eilliers JeS US) 

RU31IQU Am 11 AN1, AN 13 AN14 IN 15 AN1 111 17 Am is 1 N 19 I 20 

EITREES 
Aug. Itnenef ice trut, asscciatjon til-niebe 5s2 1183 ;273 2850 3152 3299 337 3412, 3431 34411 
Au;. de benefice brut, assoieaent ail-oiebe 28i 535 1000 153 2092 2362 2513 256 2643 26,0 
Au;.Iebeoefice trut,rot.aractide-sil-aracbode 47 100 217 46 534 633 663 674 650 632 
AL. dereoefice brut, culture desesaie 109 214 420 i2 1230 1442 1552 1609 1640 1;56 

TOTAL ENTREES 1025 2032 3909 5641 7059 7741 S101 5292 3394 1449 
SORTIES 

:'J!SDE?R3UCTIW EU LSXPLOITATION 
Auglentatcoo deccut, association Ail-oiebe 429 J70 1659 2Osa 2302 211 2465 2494 2529 1516 
A.;aeatatioo .eccut,issoleaeot nil-niebe 10. 377 73i 1137 1465 1646 1747 I03 1834 1352 
ugientatioo decout. rot.aracoide-iil-aracbide 25 53 113 141 301 329 342 345 351 353 
AL;PetCatico Jecoat,culture desesame 32 62 110 233 35) 423 458 476 4H6 491 
:OUTS?OTIUD SURL'1IPLOITITION 688 1361 2598 3749 4426 109 5013 5121 5179 5211 

CJUTS DUPkOJET 
Couts dacapital tiaaoceaeot AID): 

Assisroace tectoique 
Fortatlon court-terse 

Veoiaules 
Equ;eseot derecoercte 
Iquopeieot debureau 
Neubles 
Cnstraction 
Isprevgus 0.10 
Sous total 

Couts recurrents ifinanceient IID): 
Salaires 

Statfprofessionel 
Staffd'appui 

Intretien desvebicules 
Fmoraitures debureau 
'ocatio, Eaox i Electricite, Entretien 
Foaraicures derecherche 
Activites cooperatives derectercae 
Evaluations 
lIprevus 0.10 
Sous total 

:ootsrecurrents itioaocemeat ;ouv.AuMali) 
Salaires 

Staffprofessoonnel 
Staffd'appui 

Intretien des vebicules 
Fournitures debureau 
Location, laux i glectricite, Entretien 
!ouraitures derecherche 
Activites cooperatives derecberche 
laprevus 0.10 
Soustotal 

CC7TOT27A7I DUP10JET 
TOTAL SORTIES 638 1361 259S 3749 4426 4909 5013 5121 5179 5211 

AVASTAGES SUPPLENEITAIRES NETS(netcasb flow) 337 671 1312 2092 2632 2931 3081 3171 3215 3238 

( ' ( 
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* -'~r~2 ::-:4- :E 41 

-2 va 3 i 3in~Ie Iet e a C rl~1 sea vr -3:: :scr ;r a- "tu r, 1.er 
en ui1lsanc Ics neffi:ierts V'ai:ptc:n ar :enressica :a!' s-,:ccieune 
cenerl:e^s iezs additinnels ,.-ren~s per les explnitatins. V'est pinnc' la viler nnert 
Ictualisee uitilisee ccur le t.s- 4.e :ette 7erse cc:-.reznc i:erentesznsibilitz, sur 

ieha vaie'ir -. les autres variables.
tilfsae pour le test sur 


I.Aulientlti:n 4h binef; :e brut sur epoiain -6 -3 - 1 0 77 

2.Passage des themes ale vuigarisatin-2 -427 -120 1 135 286 532 

3.Augmentation les :outs sur l'e:xpl:itaticn 435 i^!497 2 -9 -194 -4354 

4.Cceffirient dA.doption -45i -152, -87 21 73 149 325 

5.Vie de.1'innovarion -456 -173 -52 12 460 125 236 

*,lcv~es e la ri-her:he svsteie -2i- -56 56 3 23 

7~~~~~~ ltn ato -1 9 4 6 ~ 1 22S 

hui vrciet 2I 3 4 -4i 9 -231 

il)Cette analyse w en :'bservint ha varition a valeur inetteIssensibil'tes aite !e 
actualisee lu :rojet aun taux Va:tualisatilcn ie12k, 
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