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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-00-4092-00). 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
agriculcure 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 che
feasibility of expanding the work of the Farming Systems Research
Division of the Institut d’Economie Rurale (DRSPR-IER) to the Fifth
Regicn.

The present document is the final report of the feasibility study.
The study on which the report is based was conducted in Mali over a
period of 18 months, from June 1987 to December 1988. The 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 Opérations de Développement Rural (ODR)
were often inappropriate to the agro-climatic and socio-economic
constraints of farmers, and that the resui.s 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
Opération Haute Vallée (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 in order 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 in the 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 in which 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 prodicing 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.

In order to answer this question, and in particular to establish
the return to investment in systems research in the Fifth Region, the
feasibility study undertook the foilowing 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 input 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 hy 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 Tivestock
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 fcr 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 Tifteen 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 qlaberrima rice varieties.

These fifteen research themes have taken irito 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 informaticn 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 1s important %o 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 Opérations de Développement Rural and
institutions responsitle for cereals policy, credit, etc. For example,
as few appropriate technologies are currently available from station
research, it is important that systems 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 providad 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
rarks 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.
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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, vary sensitive
to variations in yields 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 researcn 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 Yenefits from the expansion of the DRSPR is
relatively even across the recommendation 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
Tivestock 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, lequmes 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
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(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 packages 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 developed, 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 andllivestock research in Mali will help to
answer this important question®. In case it is impossible for IER 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, thz 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,
lTivestock 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 Tand 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

1/ 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 Rescarch 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 (*he livestock extension service for the fifth
region) 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.

1
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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 opefationa1 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 th15d phase (1986-1989) with an
annual uperating budget of CFA 200 million“, and a team of 8 Malian and
8 expatriate researchers. The Section rece1ves 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

280 F CFA.

1/ equivalent to $85,700 per annum at 1$

2/ equivalent to $714,000 per annum at 1% = 280 F CFA.



3

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 Reaion. 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 lTimited 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 QDR (CMM, 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 with 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 Ta Traction Animale dans le Séno" has been written on animal traction
in the Seno plain. The second note entitled "Les Principaux Résultats
de la Recherche sur les Cultures Associées Mil-Niébé au Mali" has been
written on the research results on millet and cowpea intercropping. A
third note entitled "Enquéte informelle sur les Cultures Maraicheres du
Plateau de Bandiagara" has been written on vegetable production on the
Bandiagara plateau. The Opération pour le Développement de 1’ Elevage a
Mopti (ODEM) carried out a specific Tivestock study of tneir own
according to terms of reference prepared by this team of researchers.
This Tivestock study is entitled "L’Elevage en Cinquieme Région:
Contrraintes et Actions Prioritaires d’Intervention et de Recherche
Appliquée."

The above sources of information and analyses have been used for
this report, wnich 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 tne 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



5

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 priorilies 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 tha. inese 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 1ight 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, &n 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 Taid (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 agenzies were unable to extend
the results of commodity research. Out of this 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
[ER 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 t': 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 fungicidal seed treatment (Thioral) and
animal traction. The staff fielded by OMM are still on the yround but
with a much reduced operating budget. 1In 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 Tack 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 in Mali. 1In 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 in the 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 corditions 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 in other zones.

Nine years after its creation in 1979, 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) is by far the largest
division with 91 national and 10 expatriate researchers in 1986, 62% of
the effective total for [ER (Cassas, 1987). According to the reportlof
the financial compission (1988), the DRSPR had an operational budget” of
310 million F.CFA® in 1987, of which 272 million F.CFA (88%) was financed
externally (The Netherlands, USAID, agd 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). In terms of financial resources per scientist
(nationals and expatriates combined) the DRSPR could count on 11.5

1/ Excluding technical assistance costs and equipment paid
overseas.

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

F.CFA 280.

3/ Equivalent to 3.5 million US doilars at $1
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million F.CFA per researcher? whgle 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 pruposals 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 arcund 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. Tne 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,

]

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

S/ Equivalent to 35000 US dollars at $I = 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 1ight 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) the 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 fall 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 Tivestock 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 1’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 DGRSPR.

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 (Morman, 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:

TECHNICAL ASSISTANCE :
Agronomist
Agricultural economist
Short-term ass.(1)

SHORT-TERM TRAINING (1) :
Courses
Language training
Observation tours
In-country werkshops,

COMMODITIES
Vehicles :

2 LWD

2 Pick up

2 motorcycle
8 mobylettes

RESEARCH EQUIPMENT (1) :
Computers
Computers Software
Field Equipment

OFFICE EQUIPMENT

FURNISHING (2) :

Koporo Station housing
Fifth region generators
Fifth region housing
Fifth region offices

CONSTRUCTION (2) :

Koporo Station Development:

Office addition
Professional housing
Staff housing

Guest house

DRSPR :

Office construction
Professional housing
Staff housing

water tower

Guest house

Garages

Construction coordinator
10% A&E services,supervision

SUB-TOTAL

Contingency : 0.10
Inflation 1.05
TOTAL

Year 1
(1988)

305.
113.
18.
40.
40.
15.
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CAPITAL COSTS FINANCED BY AID (in %1000)
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(1) Only S0% of the budget estimates,

(2) Furnishing and construction are rescheduled on years one and two of the project.
USAID/MALI. Farming Systems Research and Extension. Project Paper. AID. March 6,

Source:

Year 7 TOTAL

(1994)
5.00 1290.00
0.00 600.00
0.00 600.00
5.00 90.00
0.00 117.50
0.00 40.00
0.00 7.50
0.00 30.00
3.0C 40.00
0.00 120.00
0.00 60.00
0.00 48.00
0.00 4.00
0.00 8.00
14.00 91.50
0.00 20.00
1.50 9.00
12.50 62.50
0.00 40.00
0.00  200.00
0.00 40.00
0.00 25.00
0.00 75.00
0.00 60.00
0.00 729.80
0.00 207.00
0.00 18.00
0.00 79.00
0.00 70.00
0.00 40.00
0.00 522.80
0.00 72.00
0.00 160.00
0.00 140.00
0.00 16.00
0.00 40.00
0.00 20.00
0.00 30.00
0.00 4480
19.00 2588.80
1.90 258.88
13.16  958.36
34.04 3806.04

1985.



TABLE 2.2:

ITEMS

SALARIES :
Professional Staff:
Agronomist
Economist
Livestock Specialist
Sociologist
2 Research assistants
8 Moniteurs

Support Staff:

2 Accountants

2 Data Specialists
Typist

Messenger

3 Orivers

2 Guards
Warehouseman

VEHICLE MAINTENANCE
OFFICE SUPPLIES

RENTS, UTILITIES, BUILDINC
MAINTENANCE

EXPENDABLE RES. SUPPLIES

COOPERATIVE RES., STUDIES(1) :

with DRA
with DMA, PIRT, INRZFH
with IPR

EVALUATIONS (1) :
inc. economic evaluation

SUB-TOTAL
LOP Contingency : 0.10
Inflation : 1.05
TOTAL

Year

1

(1988)
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200.
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47.
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.19

.98
.24

(1) 50% of the budget estimates.

Source:

Year 6 Year 7
(1993)  (1994)
14.52 14.52
1.86 1.86
1.86 1.86
1.86 1.86
1.86 1.86
3.24 3.24
3.84 3.84
20.46 20.46
3.00 3.00
7.44 7.44
1.80 1.80
0.60 0.60
5.22 5.22
n.60 0.60
1.80 1.80
10.50 10.50
7.00 7.00
11.55 11.55
8.40 8.40
30.60 30.60
15.00 15.00
15.00 15.00
0.02 0.60
0.00 80.00
0.00 0.00
103.03 183.03
10.30 18.30
62.48 126.62
175.82 327.95 1
March 6, 1985.

USAID/MALI. Farming Systems Research and Extension. Project Paper. AID.
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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 .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.eC 0.00 0.00 0.00 25.20 5.15
Livestock Specialist 0.00 4.20 4.20 4.20 4.20 .20 4.20 0.00 0.00 0.00 25.20 5.15
Sociologist 0.00 4.20 4.20 4£.20 4.20 .20 .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 0.0C 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 40.80 490.80 40.80 67.80 56.70 56.70 0.00 0.00 0.00 303.640 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.



14

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 acrcss 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 lTeast 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 Fasc 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



15

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 1ight 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 IN THE 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.),.2) 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 2nd give
rise to increased revenues or decreased costs of production at farm
Tevel.

FIGURE 2.1: THE SYSTEM FOR THE GENERATION AND TRANSFER OF IMPROVED
TECHNOLOGIES.
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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 Tevel 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 deveiopment and
diffusion of technologies, 2) the phasing of research activities
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progresiive]y 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 Technologies in Relation to
the Constraints Impinging on Agqriculture in the Fifth

Region.

This section points to the Tack 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 comrunity. It is possible that diffusion on a wide scale requires
slight adaptation 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 raceived 40 kg/ha triple superphosphate and one
to three applications of pesticide are significantly more productive
than locai cowpea varieties under the same m:nagement (tables 2.¢ 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 1n 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 i< 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.

Yield in Grain (kg/ha) for Yield in Hay (kg/ha) for : Number

|
i

| I I | I

i i i [ |

! ! ! ! Cowpea Varieties ! Cowpea Varieties 1 of

| i Pomm) e frommo e |Experiment
! ! ' | Local TN 88-63 |Gorom-gorom! Local |TN 88-63 |Gorom-gorom!
feemecennn foceeenns D e e e e e n e e e e e e e e e e e
! i i

| | 1985 | 259 | 13 | 308 | - T SN - | 1
Douentza | 1986 | 301 | 354 | 709 | 1647 | - ! - ! - ! 1

! 11987 | 287 | 281 | 669 | 431 | - ! - ! - ! 1

b e e e e e e e e e e e e e e e e e e e e
i

|Douentza Average | 282 | 216 | 562 | 939 | - ! - | - ! 3

b e e e e e e e e e e e e e
[

ICentral | 1985 | 293 | 20 30! - T ! 9
ISeno | 1986 | 378 | 261 | 671 | 759 | - ! - ! - ! 8

! 1987 | 252! 37! 52! 636 ) 433! 413} 392 | 4

b e e e e e e e e e e e e e e e e e e e e e e e e e e e
[

jCentral Seno Average 308 | 229 | 544 | 698 | 433 | 413 | 392 | 21

b o e et e e e e e e e e e e e et e e e e e e e e e e e e e e e e e
i

Isouth ! 1985 | 285 | 17 | 193 | - ! - ! - ' - |

}Seno | 1986 | 39 | 38 | 701 | 02} - 1 - - | 2

! 1987 | 37! 3291 497 525 | 1311 200 | 225 | 2

b e o e o e e e e e e e e e e e e
[

ISouth Seno Average | 342 | 128 | 464 | 463 | - | - ! - ! 5

e e e e e e e e e e e e et e e e e e e e
[

|Bandiagara 1985 | - ! . Voo ! - ! - ! - H - ! -
iplateau | 1986 | 350 | 0| 151 | 27 | - ! - | - ! 1

: I EE A A B S

D e e o e e e e e e e e e e e e e e e
[

iBandiagara Plateau Av. 350 | 0} 151 | 2t - - - ! 1

Notes: Inputs in 1985 : 65kg/ha of "super simple" phosphate with 21% of P205.
1 treatment of Décis (3.5l/ha) with T15 or ULV
1986 : 40kg/ha of "super triple" phosphate with 45% of P205.
3 treatments of Décis
1987 : 76kg/ha of "super simple" phosphate with 18% of PZOS'
2 treatments of super ED Cymbush (750 ml/ha) with Electrodyn
Source: Rapport des campagrzs 1985, 1986, 1987. Projet conjoint N%31 de | 'OUA-CSTR-SAFGRAD.
Programme PRAA-Mali. IER, Bamako.
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TESTS OF EARLY COWPEA VARIETIES IN OPERATION MILS MOPT! AREA: THE DELTA ZONES.

| AREAS | YEAR |Rainfall | Yield in Grain (kg/ha) for | Yield in Hay (kg/ha) for | Number |
! ! ! ! Cowpea Varieties ! Cowpea Varieties | of !
! ! bom)  feeesmeee e R LR LR LT EEET TR {Experiment
! ' ! { Local  |TN 88-63 |Gorom-gorom| Local TN 88-63 |Gorom-gorom| !
e :
icentral | 1985 | 291 | 50 | 303 | - H ! ! - ! 3
IDelta 11986 | 264 | 638 | 1094 | 650 | ! ! - ! 1]
! 11987 | 175 | 35 | 96 | 43 ) 100 | 156 | 175 | 1
T R !
|Central Delta Average 243 ! 261 | 498 | 347 | 100 | 156 | 175 | 5 |
AT |
Isouth i 1985 | 338 | 48 | 279 | - ' ! ! - ! 2!
IDelta I 1986 | 247 | 69 | 731 | 597 | ! ! - ' 11
! | 1987 | 173 13 | 613 | 338 | 653 | 569 | 409 | 11
e e :
{South Delta Average| 253 | 43 474 | 468 | 653 | 569 | 409 | 4 |
R CAEOt SRR |
Notes: Inputs in 1985 : 65kg/ha of "super simple" phosphate with 21% of P50c.

1 treatment of Décis (3.50/ha) with T15 or ULV

1986 : 40kg/ha of "super triple" phosphate with 45% of P205.
3 treatments of Décis
1987 : 76kg/ha of "supcr simple" phosphate with 18% of P205.

2 treatments of super ED Cymbush (750 ml/ha) with Electrodyn.

Source: Rapport des campagnes 1985, 1986, 1987. Projet conjoint N®.51 de | *OUA-CSTR-SAFGRAD.

TABLE 2.7:

Millet-Millet-Millet

AREA

Center

South

Plateau

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

Source:

{Number of | Average |Number of| Average

!
I
{Experiment Rainfall |Experiment Rainfall|
|
i

Programme PRAA-Mali. IER, Bamako.

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 |
(1979-81) ! (1980-82) !

1st Series
Vo) | (mm)
i | ! IGroundnut| Millet
oy - 2 £ I
| | | | I
| I | t |
2! 352! 8} 35! 300! 804
| { | | I
| | | 1 i
1] 43| 2 368! 327! 195
{ | { | |
| ! i | !
o) - | 3| 2920 - 1 -
] | i | )
| | I | |

From SAFGRAD data (1979, 1980, 1981, 1982). See Annex C.

Rotation

- 619
i
|

1004 ! 456
|

1389 | 77
|

- 438
{
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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 Tocal 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 superioiity 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 by Im), 100 kg/ha
phosphate of ammonia and 50 l.g/ha urea at weeding, thinning, three
weedings, treatment with Cypzrmetrine against Rhaguva (headborer),
uprooting and burning of piants 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.

| AREA | YEAR IRainfall |Yield in Grain (kg/ha) of the|yield in Grain (kg/ha) of the!Number of |
H ! | (mm) |millet varieties w.fertilizer|millet varieties w/o fertiliz!Experiment
| } ! R GRERECEEECEEEREEEES R RERAEEEEEEREEE | }
! ! ! | Local {IBV 8001 | HKP | Local !IBv 8001 | Hkp ! !
b meeean D e e e e e et e et e e e e !
) I i {
! fowes L 9 st2) 230 - f - oo 3!
R N S B A B S R R
! 1987 | 76! 527 1200 188! 4% | 32| 285 | 1}
D e e e e e e e e e e i
! ]
{Douentza Average | 187 | 520 | 175 | 188 | 438 | 322 | 285 | 4 |
e e e e e e e e et e e e e e !
I i
iCentral | 1985 | 362 | 7wl ro4l - & -t . 1 - 8 !
iseno | 1986 | 452 ] se8 ) 1069 | 458! 3551 w6 | 285 | 8 |
! 1987 1 23 90 ] w9l 4l ese ] 4m il 3290 3
D e e e e e e e e I
! I
iCentral Seno Average 362 | 659 | 740 | 436 | 504 | 528 | 307 | 19 |
D e e et e e e e e e |
f i
L Coe
R R S B S S P B
! | 1987 L 286 w7 40 e ! 4ol 303! 339! 2 |
b e e e e e i
| i
|South Seno Average | 256 | 737 | 410 | 647 | 440 | 303 | 339 | 2 |
e e e e e e e !
i {
|Bandiagara 1985 | 415 | - ! 101 | - ! - ! - ! - ! 1
{Plateau | 1986 | 258 ) e8! 6181 290! 30} 315! 429! 11
A T A e R R T S B
e e e e e e et e e e e e e e e e (
i I
IPlateau Average ! 336 ! 628 ! 860 ! 290 | 310 ! 315 ! 429 ! 2!
| I | i i i i 1 | 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 N°.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.

]

(

| AREA ! YEAR !Rainfall !Yield in Grain (kg/na) oi thelYield in Grain (kg/ha) of the|Number of |
i i i | i i I
| ! I ¢mm) |Imillet varieties w.fertilizer|millet varieties w/o fertiliz|Experiment
| : | R T oo : :
! ! ! ! Local !iBv 8001 | HkP | Local |18V 8001 | HKP | !
R |
Icentral | 1985 | 301 | 114 | 1021 | . ! - ! - ! _ ! 2 |
belta | 1986 | 266 | 1249 | 785 ) 876 | 1320 | 838 | 840 | 2 |
! | 1987 | 2231 225! 463! 450! 375} ss0 ) 213 ) 11
e :
ICentral Delta Average 263 | 863 | 756 | 663 | 848 | 719 | 627 | 5 |
R STIIR |
fsouth | 985 | -} - L - - b - b - b
Delta | 1986 | 373! 87! 70! 86| M7l 555 421 1
! ! 1987 | 200! 450! 325! 4] 288! 188} 200 | 1!
Ll :
Isouth Delta Average| 286 | 674 | 528 | AN 503 | 372 | 31 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 H°.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.

]

i
|Comparison Year Rainfall Yietd Millet Gross Revenue Cost Net Revenue |
lof the Technical (mm) Increase Price(F/kg) Increase Increase Increase |
|Packages (kg/ha) (@D] (F.CFA/ha) (F.CFAs/ha) (2) (F.CFA/ha) '
lezcczsszassszszzoseoooocoscoosossssscsosmoooomEsooEoEESSCEmESSIsEEEEEEEEEECm s e s s cee i
itttk b e e e B b L e et L P i
lIntensive vs 1985 360 232 50 11600 10240 1360 |
ISemi-intensive !
: 1986 550 346 30 10380 10240 140 |
T ST ORI |
iIntensive vs 1985 360 399 50 19550 24240 -4690 |
ITraditional !
! 1986 550 657 30 19710 24240 -4530 |
R R :
!Semi-intensive 1985 360 167 50 8350 14000 -5650 |
Ivs Traditional !
| 1986 550 N 30 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
average 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 | Cypermetrine at 1500 f/| = 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

intégrée contre les ravageurs des cultures vivrieres dans le Sahel. CILSS. 1ER. 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 is justified 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 8
recommended fertilizer dose is beyond their means (35,000 FM in 1983%)
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 yearg 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 1 (Diarra et al., 1987;
Commission Technique Specialisee des Productions Vivrieres et
O0leagineuses, 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 II.3), the research stations of the

8/ tquivalent 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

Rainfall in Mopti (1)

IMaximum Height of the Flood | 566

lof the Bani in Mopti in cm (2)

!
|
|
21357) 29307 29085! 30745! 30095! 29831!
t
|
|

I
I
|
|
i
|
!
|
I
i
|
-1 135531 12401
i
|
|
[}
t
|
I
|
|
1
i
|
|

| |
i i
| |
( i i
jallotted Area in Ha | 21212] 21080} 18921) I 27042]
| | | ! ' | | | | | I
i i i i ! i | i ' i I
IHarvested Area in Ha ! I 12341) 17008 25225 3556 0] 18068 7740{ 1070!
i | | i i [ i | I i
' I I | | I i i | i I |
| I i [ i i i i i I I i
Harvested Area in % I 64| 66| 58] 53| 591 12} 0! 60| H 4!
f i i | | | I i | | l i
Iproduction in Ton - 15528! 13395! 13445! 17819! 18334!  5334! 0} 25722! s7.0) 761
( | | | 0 | | ' I | I I
i I I ! [ | [ i f I i I
tyield (ka/ha) * ' 1128] 1ws) 1080] 10890 1021] 728!  1500! o) 2el  7e2l 7
| | | |
i I i I

Note: * Yield for the area harvested.

Sources: Annual Reports and memento ORM, Mopti.
(1) : Rapports Annuels de ('OMM, Mopti.,
(2) : Rapport Annuel 1985. Station Régional 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 pre 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, ana 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
higher 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 hvbridization 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 glaberrima cultivated under natural submersion outside of the
holdings managed by ORM.

The species QOryza glaberrima 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 glaberriwa 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 Qryza
glaberrima 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 glaberrima
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
technnlogies.

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 qlaberrima 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-Nifo 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 fuct 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
(in conducting 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 CRSPR.

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 Tand 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 numbar 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 it gives an idea of the time and resources required.

For the Fonsebougou section, counting from the year in which 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 conservatior, 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 addi. on 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.



31
E.  CONCLUSION.

This chapter has discussed why and how <vstems research has
evolved in Mali. Much hope has been placed v “his approach and it has
attracted significant external funds. In tetﬂfoof operational budget,
external support amounted to 272 million F.CFA™" in 1987, coming ff?m
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 contfébution has followed the same tfgnd, increasing from
9.5 million F.CFA*® in 1981 to 38 million in 1967°~. In 1981, the total
budget for systems research (DRSPR) representod 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 agrezment
between IER and USAID was presented next. The establishment cf a
research strategy based on systems research poses some difficulties
however. Three difficulties have been underlined.

These three difficulties of Lhe systems approach led to the
identification of 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 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-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 971,000 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 fourch 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.



II1. 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 1’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.l 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
Toam.

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 Reqion.

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

1. ODEM : Operation de Developpement de 1‘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 1’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
agrenomic research stations depending under IER: tha 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 lTower 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 foTio 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 centribution to millet, sorghum and
fonio production has diminished.

Legume production is equally important for the region. Cowpea is
generally intercropped with millet. 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.1l in annex A provide statistics on
Tivestock 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
Tivestock 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 yorld Bank (Stryker et al., 1987), Mali
possesses comparative advantage® in the production of cotton and
Tivestock 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 §he remaining natural zores 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 Tie the large lakes which provide reservoirs during the dry
season.

2/ 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
rrom 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 1’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
groundn.c, are cultivated on the elevated land of the Delta. Fflood
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. Thsse 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 Seno5 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 Timit 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 1’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 1'Habitat", July 1987).

(2) The Seno-Gondo7 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 1'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 ihe 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 1'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, a 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.
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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 tfor 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 their 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 sti111 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 Nigritata, Biflorus and Andropogon

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. The 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 nart 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. Thic water is used for
vegetable production and watering animals. Aside from this water 3source
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
Timiting 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 Timiting 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 courses 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 Takes 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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Take 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 Tocality 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
Tonger 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 Tittle 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 Tong
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 lTand 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'e sub-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 factl.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 aqro-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
throuch controlled water flow or with motorized pumps as in the small
village irrigated perimeters (PPIV).

In the agropastoral system, crop producticn 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 operaticns 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 Tonger
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 gocd 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. 1In 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 (CE90) 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 (Orysa glaverrima), 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
oy 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.

(3) The flood recession crop sub-system8.

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 uncovered 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. 1In 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 and ponds
but is rarely practised in the zone nowadays because 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
Tand 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 is dropped. 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. A1l 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 tc 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 sccial 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 controlied 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 as the "dumpti" and
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 .7 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 the 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
tnhe Bozo ethnic group. Two main types of fishing can be distinguished
according to the extent of movement 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 recessicn in November and December
and continue until the months of January and May (duration of the flood
recession). The semi-nomadic fishermen organize collective f shing 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 (ths 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 hcve
experienced Tittle 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 Tonger
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 Tocation
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 Tand beyins 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 Toamier 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:g
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. Agroclimatoloqy.

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
Centrz ! Seno zones than for the North and South Seno Plain zones. For
the Plateau zone, although the feeder roads are rocky and not maintained
they !cad 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 South Seno Plain zones, on the other
hand, are much mure 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 pressure 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 thit 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 pr _,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 influcices 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, III). 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, weads, diseases), and inimals.

- Tachnical, socio-economic and institutional constraints.

The compenents of this group include techniques used, costs and
supply of agricnltural inputs and e .:ioment, capacities and approaches
of rural development agencies, markeis 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 1’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 Ta Recherche sur les Cultures Associees Mil-Niebe au Mali"
(S. Traore, 1988) and "Enquete Informelle sur les Cultures Maraicheres
du Plateau de Bandiagara." (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 deteriaration in the rainfall regime.

Since 1973 and 1974 the rainfa]] 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 lesser extent,
varieties of Oryza glaeberrima 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 lToamy 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 Tand 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 Qryza
longistaminata) 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 di:courage 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 had 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 Tand tenure system gives rise to different
interpretations among crop producers, livestock herders and the
administration, and constrains the optimal use of land resources. It has
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 in years 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 1/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
Appliquec." (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.
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(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 Tegislative 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 Tack of mineral
supplements from ODEM results in mineral deficiencies and encourages
some illnesses.

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

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 wuch 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 bcoth 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 chapler presents a research strategy based
on production problems in the Fifth Region at both the micro and macro
Tevels, and on a strict collaboration and coordination between the
research system on the onc hand, and on the other; applied research,
extension services, other pubiic services, the private sector and
decision-makers.

A. RESEARCH SUBJECTS.

1. Study of Input Factor Markets and Agricultural Credit.

a. Introducticn.

There are numerous constraints linked to growth in agricultural
production. In the agricultural sector review for Mali (Ministry of
Agriculture, 1687, pp. 76-77), the lack of inputs, seeds and varieties
adapted to the .ological conditions are listed among the main factors
inhibiting this growth,

67
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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
inpul 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 financial 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
Tower 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’ in 1965 (Goita, 1986,) and
10 years after the first field tests (M. Derbele, 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 soiis 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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1’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, requlator, 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 1’Afrique de 1’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 invoived and 4)
realization costs (Diallo, BNDA agricultural credit agency, personal
correspondence, September 1988). The current interest rate established by
the BNDA for an intermediat < ime 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 puint 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 Tow 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 Tivestock.

- 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 1682, 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 !o the Service National
de Protection des Vegetaux (SNPV) in Mopti, 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 in millet. 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. Amecng 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 in Mali (1997,p. 189), however, advises caution in linking 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 in the Seno, it seems that there is
a significant demand in the Fifth Region and that there could be
solutions Tinked to the private sector to facilitate supplying the rural
areas with the desired inputs for which there is 1 willingness to pay.

As for inputs to animal breeding, the future orientation of the ODEM
(Diakite and Keita, 1988,) is toward 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 SENQ PLAIN AND THE BANDIAGARA
PLATEAU BY PRODUCER TYPE (X).

EQUIPMENT | Oxen plow ! Donkey plow ! Cart

STRATUM Owner and user Wants to [Owner and user ;Wants to |Owner and user |Wants to
own own own

North agro-
pastoralists - 83.8 - 9.6 21.6 75.7

w/0 equip.

N. agropast. 33.3 61.9 61.9 19.0 52.4 47.7
w/ equip.
Central and
Plateau - 78.9 - 74.6 19.7 69
agropastor.
W/0 equip.

Central and |
Plateau agro 28.8 38.8 67.5 10.0 70.0 23.8
pastoralistsI
W/ equipment
South agro-
pastoralists - 96.8 - 96.8 58.1 42
w/0 equip.

S. agropast. | 32.1 67.9 7.4 25.0 89.3 10.7
w/ 2quip. )

pastoralists
w/o equip.

Northern i
|
i

N. pastoral.! 44.4 55.6 55.6 46,4 33.3 55.6
w/ equip. )

pastoral.w/
& w/o equip.

Southern i
|
i

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

d. Qutline 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 OMM 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 ¢ .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 selling 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 1’Agriculture (Mcpti).

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 out 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 nargins? Are they high or low? What should be suggestad to
producers in the Fifth Region, and particularly to those producers who
have access to improved seced varieties produced by the OPSS but are in
areas nct covered by any service or agency? What is the commercisal
network for drafi animals (from production areas to usage areas)?

Recular surveys shoula 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, inseciicides, fertilizers and agricultural equipmant. 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
(DNST), 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 Tivestock 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 Take 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 consuming zones (Mopti, Gao, and Tombouctou). In this
central Tocation, 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
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production growthl. 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 1388). 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
Tocal market and merchants are not yet willing to take the risks of
unstaE]e 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
ONSI 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," Ncvember 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) will 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 grnss 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 te 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 | Bamako| Koutiala| Mopti| Sikasso
Bamako | too | 7
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 Tess 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 Teast 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 Tiberalization 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 age 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 1985 AND SEPTEMBER 1988 FOR MARKETS IN THE FIFTH
REGION, TOMBOUCTOU AND GAO.
Markets MOPTI  BAMDIAGARA  BANKASS DJENNE DOUENTZA KORO TENENKOU  YOUWAROU TOMBOUCTOU GAO
MOPTI 1.0000
BANDIAGARA| .9356**  1.0000
BANKASS .9528*+ .9284**  1.0000
DJENNE L9623+ .9788** .9571**  1,0000
DOUENTZA .9370%+ .9265%* 9097+ .9451**  1,0000
KORO .9685** 9735w L9559+ .9896%* .9705**  1.0000
TENENKOU L9221+ 9617** .9287** .9560** .9489** .9581** 1.0000
YOUWAROU -9348%* .8909** .9502** .9283#** .9537** L9544 .9248** 1.0000
TOMBOUCTOU,| .6819* .7083* .6335* L6541+ T36T** T226** 6959 .6795*  1.0000
GAO .9264** .9242%* .2278** L9442 .9617** .9696** .9224*~ J9635%%  T729%* 1.0000

Degrees of freedom: 16

* : significant at the 0.01 level.

e : significant at the 0.001 level.

Source : Matrix calculated from orices recorded by the Systéme d'Alerte Précoze (see Table 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
Towlands, 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 Tocal markets where the supply is generally 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 1imited 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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merchaats in the Fifth Region, it is not the level of official taxes and
duties”, 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 and
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 Tivestock 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 1limit, 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 lTocal 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 Tougan 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. The 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 fze on each animal
brought to market (100 F CFA per head of cattle and 50 F CFA per smail
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 tine 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 througn
credit allocated to the groups of herders.

The organization 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 deveiopment project was created called "Operation
Peche Mopti" (OPM). According to the above-mentioned document (OPM,
undated), the cbjectives 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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- organizatinn 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 Tab 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 objeclives 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 Tlike
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 Tivestock 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
cquipment (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
Tivestock trade has reached its adaptive limits to new market
conditions. Parallel to the traditional practice of buying and selling,
peasant Tivestock 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 Tivestock 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 Tive 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 1linkages 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 1’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 seliina-off herds
and alternative investments tnat 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
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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,
Tow 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),1and 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 promising, 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 millat 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 management, 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
Timiting 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 [----oommmommm L
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 cult.vated in
Seno and the Bandiagara plateau (Given in % of
people interviewed).

Limiting factors Family Individual fields
fields  |---ceemmcom L
Head | Men | Women
Labor 33 30 40 52
Land - - 15 14

Source: Survey: [lecember 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 Tabor 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 security 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
1’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. It will 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 weediny 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 1ike 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
rainfaii 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 1
gr per kilo of seed during an experiment at Koporo (in the 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 resu]ting from
traditional methods for mi]]et6(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 in yield 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).
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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 arre due to the following
principal factors:

- the soils are poor in phosphorus and nitrogen (OCDE and CILSS,
1987),

- 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 Tow 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 beginaing 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 Tike
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 a2 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 2"d 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 variet}es 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 from 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 rotalion 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 250 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 lTike 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 1'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.yl 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 are 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 1 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.
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(6) Expected yields.

Expected yields are determined from those obtained bv 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 averageeannua1 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 the 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 is the most important secondary crop (Soumano,
SRCVO, personal communication, 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
intercropping 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 gecnerally 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 produciion 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,
Tack of land and the damage done to plants were cited as constraints.

In the Fifth Region, groundnut varieties 1ike 47-10 are grown
(Soumano, SRCVO, personal communication, October 1988). These local
varieties have 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. kEven 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
approximate&y 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
1’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:



110

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
0il1 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/100kg - or Phostoxin -
application of one tablet/100kg). 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 iobreeding), enables people to wianage unexpected
expenditures™~. NGOs or 1’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. It would 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 weli 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) in the first year of the
rotation, and 45% in 1981 and 8% in 1982 in the 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 in view 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 in the 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 in the 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 groundnutil
millet-groundnut rotation are those observed in the SAFGRAD tests (see
the tables in Annex 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 auring the thiree test
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.

In Cinzana (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 laber 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 rainfed crops, and since it
changes local cropping methods, it must be tested. However, using a
cultivator demands 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 aaainst 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 be done in ridges in 150
passes with a ridger as opposed to 300 with a plow.

- Ridges formed with the "corps butteur" are parallel which is also
conducive to mechanical weeding.

- Ridging is a good technique for incorporating broadcast fertilizer
in the soil.

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 content. Studies
carried out at the research center and 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 Taboi. 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 1xl 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
1"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 be used at a rate of
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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):

- 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 sl1iding equipment mount that
extends to 80 cm, and is closer to the spacing found in Seno (Ilm x 1 m).

(b) The lighter DMA cultivator.
Ciwara equipment is 10 kg Tighter, 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 importzd materials.
The current prototype lacks stability and resistance to lncal 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 attenticn 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.

Cc. 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 percentage 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.

Eaquipnent { 1975-76 | 1976.77 | 1977.78 | 1978.79 | 1979-80 | 1980-81 | 1961-52 | 1oun.a% | 1oms-ma | vomeds | somsnn
Coraft | 2! s 3 st ar 81 25! ay asy w304
oxen
Plow .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.
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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;
10%.

(2) Soil fertility improvement.

Seno soils are poor in organic material. The amount of organic
material in Seno is z2bout 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 1’Agronome (1980, p.
123) states that one ton of manure furnishes 100kg of humus, 5 kg of N,
3 kg of P205 and of K,0. 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.

JABLE 4.9 : AVERAGE YIELDS OBTAINED IN M'PESSOBA (1963-1969).

Fallow after slash and burn
without manure i15 tons/ha i15t/ha of manure 15t/ha of manure
Crop [ |+ complete annual [+ 50kg of rock
without fertilizer Imanure only Ifcrtilization with phosphate
| Ichemical + 1 localized
| Ifertilizers annual application
| | of N and K chemical
H 1 fertilizer
Cotton ! 568 ! 1270 ! 1648 1725
Sorghum | 487 H 973 ! 1525 1979
Groundnut ! 919 ] 1128 H 1613 1770

Source : Shulman, 1979, p 13,
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(3) Estimate of food requirements and grazing
area for one pair of oxen in non-flood and
tiocd 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 P K S
stalk 5-9 10.2-0.4/ 8- 27 0.6 -3
Millet and
foliage 7 -10 (0.4 - 0.9/ 8 - 25 0.8 - 4
stalk
Sorghum and 3 -6 |0.4-1.3{6-24 1
foliage
shell 5S-11 0.3 - 1.1 5-15 0.7 - 1.7
Groundnuts|and
hay 8 -20 (1.1 -3.1{10-25]1.7 -2
source : Excerpted and adapted from Table 11, p. 32,Kessler and

Ohler (1983).

Shulman (1972, p. 56) reports that one unit of fodder plants (UF)
can be supplied by:

of hay from legumes,

of straw or fodder,

of hay from grasses,

of millet or sorghum bran,
of rice bran.

N — N LD —
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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 communicaticn, 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 frum 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 be estimated
according to farm location, whether non-flood or flood zone. In non-
flood zones the fodder source is primarily harvest residues. We will
Took 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 yrowth 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.
lone Non-flood | Flood
Daily intake (UF):
Ory season 7 7
Rainy season 5 12
Food requirements (UF):
Ory season (4 months) 840 840
Rainy season (3 months) 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 Titigation, 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
firnancial 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
differeat types of sheep in the Fatoma market in "Refuge in the Sahel®
(Ministere des Ressources Naturelles et de 1’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 Towest 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 1’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 agricuiture-livestock integration should be pursued,
taking into account the proposals made regarding dvaft oxen and
agricultural equipment in the following subjects: Study of cropping
systems in the D2lta; 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 is weeded 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 small 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 1ift
these constraints.

8. Study Of Cropping Systems In The Delta: Constraints 0f 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 QOryza glaberrima 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 scme villages (20 to 30 ha each) through a
river-based pumping system, constitutes 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 Tlocal
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
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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 cperations.

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 ievel. 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 Tabor 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.



TABLE 4.12: Agricultural calendar for the different crops grown in the zones of the Delta.

1. Controlled-flood agricul tura
Tillage at end of cycle
Tillage, weeding and planting
Weeding and fertilizing
Scything
Harvest and threshing

! 2. Rainfed agriculture
{Tillage and planting
First weeding

Second weeding

!Harvest and threshing

3. Irrigated agriculture (PPIV)

Seedbed estabt ishment
jTransptanting
:Fertilizing and weeding
{Maintenance

iHarvest and threshing
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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 agriculture, which according to them, is less risky.

The most common solution is to resort to wage labor (nonet

le
51

expensive solution). Farmers working the Koubi rice polder

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,

SS,
Tenenkou

an

- 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.

1/ 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, esy ‘ally for farmers who want
to grow both rainfed crops and controlled-fiuod 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, weedirg 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 flcod-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 lcst 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 reccmmends 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) is well-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
Tabor 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
ditfe~ent cropping operations (the Ciwara cultivator which weighs 30 to
40 kg, for example).
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9, Study Of Cropping Systems In Village Irriqation Areas.

a. Introduction.

Controlled-flood rice culture is heavily dependent on rainfall and
water Tevels. 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
Teaders 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:

- Tack 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 agﬁ 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 perimeters 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 Tot stringency on the part of the ORM
and the participating farmers. One encounters scheduling problems for
cropping cperations 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 Tike 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 In Areas 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 Tevel 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 Tevels 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 ARINFALL 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 Tevels 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 Toss, 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 in years 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 Agqroforestry 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 1in
the central and north area of the couniry is faced with this degradation
of natural resources. Low crop yields and 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
(TUCN).

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-erosjon 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
weuld 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 Teft 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 and 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-ecological 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 Tleaves
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 trunk edge foliage
Protein 180 84 52
yield (Kg/ha)
Average number of 5.4 4.2 2.9
neads/plant
Weight in grain 29.8 23.3 22.6

per head (in gr)

Source: Charreau and Vidal, 1965 in Woo (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
Assimﬂab]e P50¢ 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 recearch 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)

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) .

Reforestation.
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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 sugyested 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 lTinked 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 spurs a
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 1’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).



142

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 O0f 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 eitrance 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 Sototroga cerealla and Sitophilus granarius. Damage from these
two insect pests represents 56% to 88% of all damage to grain on heads
stored inside granaries. 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, in M. 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



144

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
Teguminous 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 viilages 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 1ike "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:

0il: 42 1 @ 250 F CFA/0.66 1
Groundnut Meal: 80 kg @ 150 FCFA/kg
TOTAL

15,909 F CFA
12,000 F CFA
27,909 F CFA

[}

Daily expenses:

Groundnuts: 20 kg @ 200 F CFA/kg
Maintenance and depreciation
Firewood and water

24,000 F CFA
1,000 F CFA
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 Teaves 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 rico 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 lTonger 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 is why, 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 in Table 4.15, was carried out at
the "centre de placement familial" in Bamako.

TABLE 4.15: EVALUATION OF THE WEIGHT OF CHILDREN ON A MIXED FLOUR DIET.
¢85% millet and 15X cowpea).

MONTHLY WEIGHT GAIN (g)
SUBJECTS AGES L R e it
(months) (in kg) Before the test | After the test

1 33 13.500 125 i 425

2 25 10.600 125 | 275

3 9 6.200 50 | 375

4 26 9.300 170 | 175

5 26 8.00 150 i 475
Source: Inspired by the document "Etude des transformations

technologiques du mil et du sorgho". Fofana and Kanté, 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 in a rural setting in Cinzana 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 Tevel, 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 gkanaries by burning inside the granary the
harvest residue mixed with powdered, hot spice. The smoke repels
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rats and insects. 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, 19€4). 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/ 509/100 kg
RENAULT
Nuvanol (N5P) CIBA 50g/100 kg
Damfin CIBA 509/100 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 in yield-
enhancing conditions. For example, it was shown that the Tocal 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 yield 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, 1ike 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 i
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 requiied 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. O0Objectives.

The principa! objectives of this research subject are the
following:

- 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 base for the selection
of new, better performing varieties.

Cc. Purpose.

The principal millet varieties grown by farmers interviewed during
the formal survey are presented, by ecological 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 Tong (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 X of farmers interviewed).

VARIETY i CYCLE i NORTH i CENTRAL i SOUTH i PLATEAU
i (days) i i i '
NBB L 110-130 | 10 ! 52 L 99 ! -
NKK | 100-110 | 1 ! 42 ! 1 ! -
Ningari i 80-100 i 5 i 1 i - ! 8
Toroniou H H ) H h
Torombédié | 90-100 | 2 ! 1 ! . ! 8
Niou Pirou i 100-110 & i - i 4 i - i -
' 120-130 ! , | |
Koko millet | 90-100 | - ! . H - ! 14
Nénéley/mil.! 90-100 | - | . ! . A
Souna i 80-90 | - ! - ! - ! 6
Kowa millet | 90-100 | - ! - ! - ! 10
Pigna millet{ 80-90 ! - ! - ! - ! 14
Ororo millet] 80-90 ' - ! - ! - ! 14
Gondor i 1 %0-100 | 14 ! - ! - ! -
Sénor i } 100-110 | 6 ! - ! - ! -
Haireri or | 80-90 I 48 ! - ! - ! -
l | l | |
Toroniou H i H H |
Oyari | 80-90 ] 1 : . ! . ! -
Kelsars/mil.] 80-90 I H - ! - ! -
Bamba millet] 90-100 ! 1 ! - ! - ! -
I i ] i i
Fuko millet | 80-90 | - ! - ! - ! 12
TOTAL ! . Io100 | 100 | 10 | 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 SENN PLAIN AND THE BANDIAGARA PLATEAU (1).
(Given by X of farmers interviewed).
i Cycle i Low iPoor resist- iPoor resist- i Low i Low iSusceptible i TOTAL
y  VARIETY | duration | drought Iance to cater'ance to caterlresistance to'resistance tol to '
' j too long jresistance pillars--head|pillars-stalk| mildew | striga { cantharides
N8B ' 58 ! - ! - ! 30 ! - ' - ! - ! 88
NKK | - Y Y-S 19 ! 12 ! . ! 12 ! - I8
!Ningari ! - i 27 i 46 i - ! - i - i - i 73
jToroniou i | i i i I I i
b o e e e e et eeeeamaeeeeeceeaeeeeeesacecaeeean s
iTorombédie’ | s . ! - : 25 ' - ' - ' - | 100
[ 7Tttt e e ke e eeeeecaeemelcemaeacecaaeeeseeomeeeaeeeeeeaseceemenaneanan
iNiou Pirou | 33 ! 67 ! - ! - ! - ! - | - {100
{Koko millet | 80 Lo ! - ! . ! - ' - i - {80
[ Tt e e e e et adeceaeeaaaeeieeasaseteeseaieeccaoaacaanaanananan
iNe’néley/mi to ] 20 ! - ! 40 ! - |20 ! - ! - ! 80
R T Ty sy M R
iSouna ! - ' - ! - H 50 ! 25 ! - ! 25 I 100
e e e e e e e et ittt et et eeacaieaneaaaaaaas
EKoua mitlet | 86 ! - ! - ! 14 ! - ! - ! - | 100
e e e e e e ettt eeeeeeeeeaeaeieeaececeeaieeaeaaanann-
iPigna mtlet] - ' - ! 70 ! - ! - ! - ! - ! 70
f 7Tttt e et ama e maeaeaeeeecaeeaeaameeasecasatmaaeacanananan
{C.oro millet] - ! - ! 90 ! - ' - | - ' - | 90
Gondor i ! 33 ' - ! 17 ! 25 ! - ! - ! - ! 75
Sénor i ! 80 ! - ' - ! - ' - | 20 : - {100
Haireri or i - i 15 i - i 51 ! - i 24 ! - i 90
Toroniou H | ) i ) H | |
e
loyari ] - ! 100 ! - ! - ! - ! - ! - ! 100
Kelsare/mil. | - ' - ! - ! S0 ! - ! 30 ! - ! 80
Bamba millet| - ! - H - ! 100 H . ! - ! - | 100
IFuko millet | - A ! 33 H 22 ! - ! - ! - ! 99
7t e e e et eemeeeanaemeseseceeceaaeeceaaaaaaacanan

(1) Percentages indicate the proportion of farmers who cited the aforementionad deficiencies per variety.
Source: Survey carried out from December 1987 to March 1988. IER-USAID-MS! project.
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TABLE 4.19: DESIRABLE QUALITIES FOUND [N MILLET VARIETIES IN THE SENO PLAIN AND THE BANDIAGARA PLATEAU (1). (Given
by X of farmers interviewed).
' tycle ' Good lGood resist- !Good resist- | Good ! Very good ! Good 'oTOoTAL
I I I I | resi | resi resi |
VARIETY y rarely | drought jance to cater'ance to caterl resistance I resistance Iresxstance to,
i too long [resistance/pillars--head|pillars-stalk; to mildew { tostriga | cantharides |
::::::::::::l:::::::::::::::::::::::::::===========::=:::::::::::::======:=::====:=::=========================::::::
NBB i . P - ! . ! . : 19 | 23 P66
............ T S
KK s R
............ [ 7T Tt e meeae e emeeeeaeaeeeaaas
Ningari i 91 i i - ! - ! - ! . i - i 91
Toroniou ! | H H | ) H H
............ e N
Torombédié | 11 ! 89 ' - ! - ! - | . ! - | 100
............ e
Niou Pirou I 67 | : . : ) ! . R ! . ' 100
Ikoko mitiet I 20 L so ! 2 1 - b b ! . ' 90
gNénéley/mi (. I so 1 - . ! . L 20 ! . ! ' 70
Tttt S AR RS
iSouna ! 100 ! ! - ! ! - ! - ! - i 100
gKoua millet I TR S T ! L 43 L ! . ! 100
LR o e e et
EPigna millets 90 ! ) - ! ! . ! - ! - I %0
;0roro miIlet! 90 ' - ! - ! - H - ! - ! - } 90
............. Tt
Icondom i 25 ! 67 ' - ' . ! - ! . i - P92
sénori I 20 ! 4w ! . L 40 ! . ! . ! - tooo |
Haireri or = 93 i - ; - i - i - i I I 93
Toroniou | ) H H H | H )
Oyari i 100 ! - ! - ! - | - ' - i - i 100
Kelsare/mil. I 100 ! - ! ! - ! - H - H - /100
=Banba millet! - 100 ! - ! - ! - ! . ' - | 100
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(1) Percentages indicate the proportion of farmers citing the aforementioned qualities per variety,
Source: Survey carried out from December 1987 to March 1988. [ER-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

as.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 varievies 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, howevci, that currently existing Tlocal
varieties have desirable characteristics. Such varieties can either be
extended to those zones where the: are unknown, or serve as base
material for selections or eventual hybridizations.

d. Proposals.

lones: 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
1'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 lTocal 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.
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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 prohlem 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 similar
project which is well 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, conscquently, to survive and even develop for five to six months
with only residual soil moisture from the lake water. The proposed
rccearch could proceed with tests of early varieties (90 days, for
example) that coul 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 short-
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 lakes, Kakari black and white are the oniy 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
1’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 (the advantage of tubers and maize is to avoid damage by
birds).

(4) Tests of cropping techniques for working the soil (this
appears .iecessary in view of tihe clay soils in the 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 is practiced to some extent in the same fashion all over
the world. Before the wet season begins the soil is tilled and seed is
broadcast.” Germination is triggered by the first rains and vegetative
development 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 w:ter level. In these conditions, it is
necessary to have varieties with rapid stem growth thereby ailecwing 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 is a 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 higi-water level in the past few years, land areas
experieincing natural submersion have increased rapidly, from 30,000 ha
in 1985 to 45,060 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 QOryza sativa varieties. In view of the importance
of the Oryza glaberrima varieties, agricultural research in Mali has
been interested in their study. According to Geita (1986, p. 4),
"Between 1962 and 1968, efforts were mzde to improve local varieties of
Oryza glaberrima. Trials indicated that Oryza glaberrima varieties
yielded less than Oryza sativa varieties (IRAT, 1969; IRAT, 1974). Among
the reasons for this lTow yield one finds: fallen grain losses, early
ripening necessitating harvest while still in water, and a poor response
to nitrogen-charged manure. Nevertheless, Oryza glaberrima 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, 19¢9)."

When a study in agricultural economics was conducted by the
Evaluation and Technology Transfer Division of Mopti’s rice research
station from 1980 to 1982 (M. Dembele, 1981), the following
characteristics of the two ri~+ cpecies Oryza glaberrima and Oryza
sativa were given by growers { 2 Table 4.20 below).

The below table shows that certain Oryza glaberrima 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 fertilizaticn is underway between Oryza sativa and Oryza
glaberrima, with back-crosses to Oryza glaberrima, as well as improved
resistance to grain loss through mutation for Qrvza glaberrima varieties
(personal communication, August 1488).

b. O0Objectives.

The principal objectives 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 i other zones.

- To provide base plant material for recearch to select the best
performing varieties a.d for hybridization.

c. Purpose.

According to M. Dembele (1987), villagers who grow Oryza glaberrima
are not ready to abandon it to grow Oryza sativa varieties in its place,
due to performance characteristics of the former (see comparative
table).




TABLE 4.20. Comparison between Oryza gqlaberrima and Oryza sativa.

Characteristic

Cycle

Floatability

DQormancy

Grain drop
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Oryza glaberrima

Adapted to
ecological
conditions in the
Delta, this
species offers a
high level of
hardiness
(resistance to
drought, storm,
insects, diseases,
and weeds).

Some varieties
mature very early,
which ensures some
productior even if
the water recede
quickly or if
there is
insufficient
flooding.

Adapts well to all
water levels (1.5
to 4 m), very
resilient.

Significant
dormancy (2 to 4
months in the
ground).

Significant grain
drop. Given Lnis
characteristic in
conjunction with
dormancy, farmers
do not need to
plant each year.

Oryza sativa

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. gqlaberrima.

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,



TABLE 4.20. Comparison between Oryza glaberrima and Qryza sativa

(following).

Characteristic

Mutation

Production
potential

Market value

Emergence

Storage

Photoperiod
sensitivity

T T T T T N P P E E e o E r o e e _ et E ;o o em e o .= - - - o- - .o - - - o--=oo-.

Inspired by M. Dembélé, 1981.

Source:
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Oryza glaberrima

Not replacing the
seed stock results
in regression of
the variety to a
wild, invasive
species.

Weak due to grain
loss and poor
response to
manure.

Little market
value (difficult
to polish).

Stronger at
emergence, better
competition with
self-propagating
varijeties.

Stores for several
years without
insect attack.

Tolerant; flexible
planting date.

Oryza sativa

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 Q.

glaberrima.

Not tolerant;
demands stricter
planting date.
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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 glaberrima 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.

IT. Study of agricultural product and livestock markets and
transactions.

ITT. 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.

VITI. 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 1ist 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
inv~lidate some of these topics.

Among the 15 proposed subjects, cne notes the absence of fisheries
activities. This is explained by the fact that thz 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. It will
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 [ 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 Targe 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.

Year 1  |SUBJECTS | Year 2 | Year 3 | Year 4 | Year 5 | Year 6 | Year 7 | Year 8 | Year 9 | Year 10 | Year 11
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Legend: (1) The roman numbers refer to the list of research subjects.
: Studies

: Pre-extension

: Recommendation

: On-station research

: On-farm tests

: Extension
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m

NB : -Subjects I and Il may begin in Year 1 of the program.
-Feed-back on research and development 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
i'equires 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 Fifth Region. In fact, several of the
identified research subjects depend on 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 proublems. 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 nroposed technologies
must take that into account.

For the extensiuu 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, 1 sociologist, 1 agronomist, and 1 animal
scientist) and two expatriates during four years (! 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
Teave, they must eventually be replaced by Malians to assist the Malian
agronomist and agricultural economist with their tasks.

3. Good collaboration with the MJR, 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 Scuth 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 ccmpromised
and ~ven 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 Koporn). 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, it will 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 anc 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 abs2nce 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 piroceeding 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 is widely used by the World Bank and numerous other
multilateral and bilateral organizations. 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 ibenefit-cost ratio) or the ratio
of the present value of the net benefits' to the present value of the

l/ i.e. the incremental net benefits each year after the net cash
flow becomes positive.
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investment out]ay2 (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 thgt the
evaluation of the project be based on the opportunity cost”® to the
country as a whole of the resouyces 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
IT. 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 Tevel 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 Tongest
standing sections of the DRSPR (the Fonsebougou Section and the Bougouni -
Sikasso Secticn), 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 ihe 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 these 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 intensifying 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 packige 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 las* 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 Tater. 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 viilage reforestation project in
the Fifth Region (AID, 1988; Christopherson and Karch, .988) drew
attention to the Tack of data and recommended that the project identify
and test appropriate and profitable techniques. Given that such
techniques are highly specific to the agro-climatic ard socio-economic
environment it would be wrong Lo extrapolate results nbtained elsewhere
(e.g. the Majjia valley in Niger) to the Fifth Region of Mali.

ihe 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
griculture 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
supervis2d by ORM and 540 ha under the management of lccal development
committees, and the evaluation of rice-sorghum intercropping in at-risk
rice producing areas of the Delta wheve it is difficult to estimate a
priori the arca to which the results mignt be applicable.

For these three reasons this evaluation of the expansion of the
DRSPR is partial, heing based essentially on four technical nackages.
These packages all relate to rainfed agriculture. The evaluation team
does not mean to suggest that research in the Fifth Region should focus
uniquely on rainfed agriculture. Rather, to the extent that one can
expect any return to these four tachnical packages for which quantitative
estimates are made, then the overali estimates of the project value that
will be provided below are underestimated. Chapter IV, however,
discisses 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 1iving
on the Bandiagara plateau and might be reduced if coarse grain, cowpeas
and Bambara nut production increases. Afterwards, 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 (if this 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 zzgita] recovery
factor being applied to the value of the initial investmeM®. 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 in weekly 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
Tabor 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
Tabor 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 m:diocre. The average annual price of millet was
determined on the basis of monthly price statistics for millet gathered
by the Early Warning System (SAP) for the period October 1986 to
September 1988 (see table E.l 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 F).

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 CMOT),
locally raised draft animals, and Tilemsi rock phosphate produced
locally. In Mali, the costs of seed product109 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 Tabor 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 Tarqet 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.
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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 Opération 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 Tevel 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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Malig, 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 bafsline 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 Togistic function used by
Griliches (1957) to represent the diffusion of hybrid corn in the United
States:

P(t) = K/[14e (3+DL);
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, oT]y 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
vears 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 1imit 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
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11/ Adoption is supposed to begin during the first year of the
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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 pressurs 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 in the last year, and
the third variable is the year in which 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 1imit 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 Timit 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 Tonger 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 eventual.y 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 0il 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 in yields

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 of 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
"groundnut-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 diiectly
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 margiga] 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
Tow MRR of the "millet-cowpea intercropping" 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, plateau 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 Tower 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

£~ Tranars T AAA
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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 technclogies 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 Benafit Cost (%) of Return
(FCFA) (FCFA) 2) %

A) NOU-MECHANIZED FARM: (3)
Improved M-C intercropping 32437 18537 1501 5735 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) MECHANIZEL FA'M: (4)
Improved M-C intercropping 22883 18537 796 5735 14 72
Improved M-C croupping pattern 22087 12802 7267 5472 133 133
M-C interc. transitional practice 14820 7330
2nd year of M-M-M trans. practice 8210 6790
Improved sesame cultivation 7080 9902 Dominated (5)
(@D) M-C: Millet-Cowpea

M-M-M: Millet-Millet-Millet rotation

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 5.4: Synthesis of the financial budgets for farms in the center and plateau zones.

Net Benefit Total Cost Marginal Marginal MRR  Average Rate
Technical Package(1) (FCFA) (FCFA) Net Benefit Cost (%) 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 20892 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 cul tivation 16283 13015 7061 5437 130 130
2nd year of M-M-M trans. practice 9222 7578
M M-C: Millet-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(1) (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
M-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
B) 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
(@D M-C: Millet-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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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 Marginal  Return per

Technical Package(1) (FCFA) (FCFA) Labor Input Labor Day To Labor (4) Return to man day(S)
(2) (3) (FCFA) (day) (day) (FCFA/day) Labor(FCFA) (FCFA/day)

A) NORTHERN 20NE:

Improved M-C intercropping 46000 2317 22829 36.0 5.0 634 2056 &n
lmproved M-C cropping pattern 36775 16003 20773 31.0 3.5 670 7785 2224
M-C interc. traditional practice 20500 1504 18996 48.5 21,0 392 Dominated (6)

M-C interc. transitional practice 22150 9163 12988 27.5 472

2nd year of M-M-M trad. practice 15000 829 1417 41.5 6.5 341 5549 854
Improved sesame cultivation 21000 12378 8623 35.0 1.5 246 2110 183
2nd year of M-M-M trans. practice 15000 8488 6513 23.5 277

B) CENTRAL AND PLATEAU ZONES:

Improved M-C intercropping 62600 30406 32194 .5 4.4 678 4154 964
Improved M-C cropping pattern 49500 21460 28040 43.1 9.1 651 9163 1007
N-C interc. traditional practice 27000 1366 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 .7 381 3976 5679
M-M-M rot. traditional practice 16267 808 15460 50.3 .6 307 4690 1303
[mproved G-M-G rotation w/o TRP 27243 16674 10769 6.7 16.4 231 4016 245
M-M-M rot. transitional practice 16267 9514 6753 30.3 223

Improved sesame cultivation 33750 16269 17481 43.0 14.0 407 10154 725
2nd year of M-M-M trad. proctice 16800 766 16034 49.0 20.0 327 Dominated (6)

2nd year of M-M-M trans. practice 16800 9473 7328 29.0 253

C) SOUTHERN ZONE:

Improved M-C intercropping 68300 43958 26343 39.0 -25.0 624  Dominated (6)

M-C interc. troditional practice 23400 1266 22134 64,0 6.5 346 Oominated (6;

Improved M-C cropping pattern 52000 30230 21770 57.5 18.5 377  Dominated (6)

H-C interc. tronsitional practice 25200 8925 16275 39.0 417  Dominated (6)

M-H-M rot. traditional practice 14100 788 13313 50.0 7 266 3152 4502
Improved G-M-G rotation with TRP 30227 20066 10161 49.3 .3 206 120 36
Improved G-M-G rotation w/o TRP 25375 15334 10041 46.0 16.0 218 4388 274
M-M-H rot. transitional practice 14100 8446 5654 30.0 188

Improved sesame cultivation 42000 15221 26779 49.0 19.0 547 19241 1013
2nd year of M-M-M trad. practice 15900 704 15196 50.0 20.0 304 Dominated (6)

2nd year of M-M-M trans. practice 15900 8363 7538 30.0 251

Millet-Millet-Millet rotation.
Groundrut-Millet-Groundnut rotation.
TRP:  Tilemsi Rock Phosphate.
Transitional practice: Mechanized prictice with no external inputs.,
Traditional practice: Non-mechanized practice with na external inputs.
(2) Labor gain excluded.
(3) tabor cost excluded, but inctuding a 25% opportunity cost of capital for the cropping season.
(4) Return to labor divided by total labor days.
(5) Marginal return to tabor divided by the incremental (abor day,
(6) A technical package is dominated if it incurs more labor input but no additional net benefit.
Source: From tables F.1. to F.5. in annex F and tables G.1. to G.5. in annex G.
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incremental labor input13. 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,
put 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 (technolu;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 Tast 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. :
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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 hetween 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.

¢) 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 Pl 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) P1 : "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) results (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 I.1
to I.3. in annex [. 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%, t 20% and t 50%. This range of variation is the
most 1ikely 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 supcrior 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 I.4 in annex I, with a 50% opportunity cost of
capital instead of a 25% opportunity cost of capital used in the base
Tine 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 paitern” 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 Pl p2 P3 P4
Northern Zone

Non-mechanized - +

Mechanized - +

Central and Plateau Zones

Non-mechanized - + t t

Mechanized - b + +
Southern Zone

Non-mechanized - t +

Mechanized - + +
Weighted Instability - t t +

(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.
t : 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 ye3r
(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 anrnual 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%1%.  The second measure is the internal rate of return.
The third measure is thTGnet 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 SUS 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»
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

By Discount Rate
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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 Mali.

It must 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 Tong 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 889204 620989 268215 24
pattern"

3. "Groundnut-millet-groundnut 222745 115252 107493 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 $7000).
INCREASE IN (1)

TECHNICAL PACKAGES GROSS BENEFITS COSTS NET BENEFITS %

1. "Millet-cowpea intercropping" 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
recomiendation 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 immediate results. Table 5.12 shows that it would 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. Poputation and
area cultivated also have an effect. The last two columns of table 5.12
give the relative share of each recommendation domain in terms of
population and area.



203

TABLE 5.12: Comparison of aggregate net benefits from technical packages for each recommendation domain.

NET ECONOMIC BENEFITS (1). AREA  POPULATION
RECOMMENDATION =~ e iiiiiaes

DOMAIN P1 p2 P3 P4 P1 to P4 x X x
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!i. 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 b 4
Northern mechanized livestock farmers 1148 936 0 0 2084 0 0 0
Southern non-mech. & mech. farmers 18713 41963 0 74042 134718 13 1" 1"
TOTAL 366712 297182 4617 349483 1061548 100 100 100

(1) In thousands of CFA francs based on a discount rate of 12%.
P1 : "sillet-cowpea intercropping.

P2 : "Sole millet-cowpea cropping pattern'.

P3 : “Groundnut-millet-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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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.

A1l 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
MECHANIZATIéN: ————— Na&jMECQANEZEB _—MEEHA&IZED
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:
1) the increase in yields or farm gross benefits,
2) the increase in farm costs,
) the rate of adoption,
) the adoption ceiling,
) the life of the innovation,
) the cost of the project,
)
)

~N OO O s W

the success of systems research,

[es]

the time needed to move from developing research themes to the
extension stage.

The range in values of the variables included in the sensitivity
analysis is primarily determined by extremes in the prices of
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 fitted aggregate incremental on-farm net benefits
flow. The fitted aggregate incremental on-farm net benefits flow is
estimated by regressing the Jogistic 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 aggreqgate incremental on-farm net benefits flow. The
sensitivity analysis for the rate of adoption is performed by varying
the estimated agqregate 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



207

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 henefits flaw is reajusted
to keep a smooth flow.

The life of an i{nnovation is the period over which it is in use
before being superseded by another. Givenl}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 techrical packages which can have a significant impact on
agricultural incomes, i.e. by an increase in the net benefits accruing
to farm households. [f 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
aavance of one year very roughly approaches a 10% variation. A de]a¥80r
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 ecoromic 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 DRSPR
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 productlg. 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.It 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 dccreasing imports the economic
value of the project is increased at a stroke because the CFA franc in
Mali is overvalued compared to other currencies.
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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 analysic, 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 ccnditional 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 tn 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. It was 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 confrmed 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 envircnment of the Fifth Region. Systems research in the
Fifth Region should therefore focus on the development of <imple 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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STATISTIQUES GENERALES DE LA CINQUIEME REGIOK.

ANNEIE A:

TABLEAD A.1. PLUVIONETRIE DES CHEFS LIEUX DE CERCLE DE LA REGION DE MOPTI.

-=-==------- CONPARAISON CE LA MOYERKE 1979-87 AVEC LA MOYEXNE INTERANNUELLE
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ARBEXE A,

TABLEAU 1.2, SUPERFICIE, POPULATION BT DERSITE DE LA

---------- CINQUIENE RECION DU MALI.
i T LT LT TP P R '
| Cercles | Superficie !Populatioc) Dercite !Nombre 4

| ' {1 Vool ! tarrondists!
jesommemaaaa- e hlts jrmmme - R jrmmmmm——-- i
INopti ! 7262 1 35 3 9!
iBacdiagara | 8219 182869 | 2 B
‘Bagkass ' 9504 | 155999 16 71
IDjenne | {561 1 126083 | 8 ) 6
|Douentza : 18903 1 150608 | § 6!
{Rere ' 10916 | 211988 ¢ 19 | 71
{Tenenkou ! 11297 1 114405 ! 10 ! 61
iYouxvarou ! 1139 I 11 b
jmemmerenacna josmmomaans R jrommem——ae fommoememe- t
{Sexe region ! 77803 0 1261383 16 1 55

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

Sources : {1) "Recenserent Administratif et Fiscal du 2 Nai
198€" .Kinistere de !'Adsiniccration Territo-
riale et du Developpiert a la Base. Republi-
que du Nali.

(2) "Recensement General de la Population et de
1'Habitat fdu ler avril av 14 avril 1667)°.
Kinistere de 1'Aduinistraticr Territoriale
et du Developpesent a la Base. Republique
du Xali. Juillet 1587.
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ANEBIE ).

TABLEAY A.5. LBS SUPBRPICIES CULDIVEES (HA) BN XIL-SORGHO-MAIS PAR CZRCLE ZN CINQUIENE REGION: 1979-1986.

WIS
13358 1
17980 1
3330
17850 ¢
138 30
18623 017

'

VSECTRUR 11973 (1)1 8
Nopti V38300 113
‘3andiagara; 215430 ) 3
1Doventza 5100 119
iBankass 58300 18
1Djenae 40 1
1Rero §1700 029
iTegenkouw ! 16300 1 8
Youwarow - ;
‘Total

)

v JOS0 11000 319388

1y

PEORRY BRI

TABLEAU A.6. PRCDUCTION DB NIL-SORGHO-NAIS (tonnes

3050

JSECTEUR  '197§¢1-2) % 11940 (1))
Mepti HERST LT 19348 U
‘Baadiagaral - T L
iDoveatza - b 16000 019
‘Bankass 1 JL4T0 0 1 29000 121
‘Djemoe 4 - b Wb )
1Koro Y L RS N T T S OB
yTegentoy | - I 13 ) S )
Youwatou | o - !
R frmmemees es R
I v 1139351 100

1956 12)

SECTROR  11379(1-2

R [RERELTEEETES
1Moptl |
‘Bandiagaral -
iDoventzs | -
|8ankass
iDjenne
1Loto
iTeaenkou
iYoumarouy

BT VRIVHE B TES I VIR SO 51 IR IR S LI T M|
38630 0 N SLEDE I B
SUELTUNED & S P DM HAC L JI6d0
$6130 ile 1 {5800 17 - : -

60720 119 54800 119 $3360 4 59250
G850 P PRI i -
3000 V. AT000 030 s 35800
MO T WAL - b
JLI050 11000 294430 ilo0y - -
PAR CIRCLE BN CINQUIENME RBGION : 1979-1986.
DITIR IO FIN DO IR SRS T T ARSI SRS L RRPI B |
R jremmemea- e (i
3100 012 0 HS3I0 1) 1830 11500
B8 3 B T jwoe 5 Ltte
LB T I T 1 1T Y B O i
JB60 50 18300 1Y 26T 32080
3000 o130 Losd 9y - o
A1316 540 33000 128 0 Leesh 1 16625
$370 111 §100 ;7 - ot
16567 (1004 119380 ;1004 o
PAY CERCLE BN CINQUIEMZ REGICN : 1979-1986
1382 (1) 1983 10 11984 12) 11985 13
............ :-_.-...---.-.:--_.--..---.-:--.---...-.--
60 ; Ot i 511 ' 1]
i) i ol ; 3 i N
(3] ; s R Voo
11 ; 8 i 1y i 541
81 ! 3¢ - b=
n ' n i 179 ! o
1Y) ' 1) oo oo
! I |
i) i i (. R

Sources: (1} Rapports lnauels de la Direction de 1'Operation Nils Nopti.
{3) dapports Aoouels des Secteurs de Developpeseat Rural OXN.




ARREXE A.

A-5

TABLEAU A.8. LE CHEPTEL BOVIN, OVIN ET CAPRIK BN Seme REGION (1877-1987},

(an )
-2
->r
>
-

i1 ANNBBS | BOVIKS
(| e mcaccmecccccccrcamm e meeaa
| 15 Region | Mali !
R R R fmmemoee
" 1977 1 1320589 1 4536747 ! 29
" 1978 1 954000 | 4603000 ! 21
H 1979 1 1028000 ! 665000 ! 12
" 1980 ' 1426000 ! 5850000 ! U
! 1981 1 1539000 ¢ 6398000 ! iU
" 1982 1 1789600 | 6653000 ! i
' 1963 1 1352000 ¢ 5676000 ! 214
" 1984 1 1249000 ¢ 7137000 ! 18
" 1985 1 852000 | §344000 ! 10
" 1986 1 886000 1 4475000 ! 20
" 1987 1 918560 | 4600000 ! a0
[N
[} Moyemne | 1210199 ! 525870¢ ! 1)
1
! 18 ) 15
|

2024000
1553000
3158000
2548000
2384000
3505000
2264000
3130000
1935000
2014000
2316000

§332004

§653000

9933000
11587000
12393000
13437000
11244060
10382000
1285300¢
10340000
11006000

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

Source : Office Statistique des Communautes Buropeennes (Statistique
de Sase Cereales - Blevage). Bamako, Nali. Fevrier 1985,

Y

A
I) b



A-6
aKNEXE ).

TABLEAD A.9. LE CHEPTEL BOVIN PAR CBRCLE DE LA Seme REGION : 1977-1986,

LOI9TE L1905 19801 1981 1982 188D 1 1SR4 ! 1965 1 1966
|=msmmmmmee e R |wmeeeees |-=snenee femeneses foeenenens j=nenneees |--eeneeee jeeeeme foeeees !
[ikopti 1197975 1 23306C | 191000 | 240000 } 250000 | 233000 | 239000 ! 22900 1145000 § 183000 |
HDjeone [ 242371 1 75000 1 #9000 ! 90000 ¢ 100000 ! 350000 ! 100000 | 93000 { 80000 | #6000
HTenenou | 249720 173000 | 181000 | 202000 § 207000 | 211000 | 211000 ! 185000 1140000 { 144000 |
WYowwarow | -t -1 - 1122000 § 150000 | 175000 | 160000 ! 147000 1120000 | 122000 |
e o e e e e e e e e m e —————ae— .. e e— e o osom e e e :
IDELTR 1 6306 1 4BIOCC | 46100 | 664000 1 707000 | 96300 | 710000 ! E7400C 1455000 | 535000
ettt b |
! ! ! . ! ! | ! ! : ! ;
Bandiagure | 95613 1 98000 ! 98000 ! 9HCCG ! 115000 1 115000 ! 60000 1 55000 ! 47000 ! 47000 |
iDovectza | 238471 1 175000 | 175000 | 2J0000 { 242000 ! 250900 ! 230000 ! 203000 1100090 | 100000
‘Bankass | 106862 1 100000 ; 114090 | 250000 { 290000 | 27666C | 193006 ! 151000 1130000 ¢ 125006
{Roro | 188977 1 100000 ! 180000 ! 184000 ! 185000 ! 185000 | 160000 ! 137000 ! 9006C { 7900¢ }

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

Source : Office Statistique des Coxmunautes Europeennes : Statistique de base Cereales-Elevage.
Bangke, Fevrier 1988,



ANREXE A,

TABLEAU A.10.

{Teneckou
iYouwarou

{DELTA

[
'
1Bandiagara
‘Douentza
1Bankass
iRero

1 SENO/PLAT.

Source : Office Statistique des Communautes Buropeennes :

A-7

LE CEEPTEL OVIN-CAPRIN PAR CERCLE DE LA Seme REGION : 1978-198€.

i | ! ' Poo1982 0
¢ 316000 1 72800C 1 230000 ¢ 150000 | 200000 !
P 143000 § 151000 ¢ 700000 | 80000 ! 120000 !
¢ 01000 | 202000 ; 109000 ! 109000 ! 115600 !
| l I 874000 650000 | 660000
t ) | i |
1 ] ] | |
] [} 1 1 1

¢ 270000 1 28600C 1 270000 | 275000 ! 275000 !
i 289000 © 306000 ! 350000 ! 385000 ! 560000 |
1 164000 1 185000 1 280000 ! 370000 ! 330000 !
¢ 250000 1 300002 1 365000 ! 365000 : 365000 !

| ] ] 1 !

[155300C 12158000 12548000 (2384000 12505000

Cereales-Elevage. Bamako, Pevrier 1988.

239000

§0000
115000
600000

200000
{75000
335000
220000

240000
110000
110000
600000

200000
470000
180000
220000

Statistique de Base

320000

50000
100000
550000

190000
{50000
150000
205000

333000

9000¢
100000
500000

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

210000
77000
204000
200000
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ANNEXE A.

TABLEAU A.11. EVOLUTION DE L'EXPORTATION (1)
————————————— CONTROLEE DU BETAIL SUR PIED

] Annees ! Bovins ' Ovins- !
| | | Caprins !
= = ———— |- !
| 1980 | 23357 | 66597 |
| 1981 ! 18058 | 66247 |
| 1982 ! 9587 | 31084 |
| 1983 | 22704 | 29737 |
| 1984 | 21399 | 30895 |
| 1985 ! 14383 | 57797 |
! 1986 | 11979 | 45110 |
! | ! |

|

(1) Pour la Cote d'Ivoire, ie Ghana,
le Burkina Faso et le Liberia.

Source : Rapports annuels de 1'ODEM, Mopti.



ANNRIE A,

TABLEAU A.12. EVOLUTION DE LA CONNERCIALISATION DU

------------- POISSOR FUNE BT SEC.

Aonees | Exportatict | Interiesr |  Total
e R e Rt iCommercialise;

 Tonmes 1'% | Tomnes % !  {Tonue
---------- e Rt BT Py P
1970 0 SI48 ) 461 6048 | 54! 11196
1970 0 3868 1 44 975 ! 56! 8843 |
1972 0 2850 0 360 5005 ! 64 ! 7855 |
1973 150290 N9 5223 |
1974 | 888 | 28, 2566 1 72! 351
1975 PERVENEE VI {798 1 63 ! 7635 !
1976 0 200 0 a0 8325 010 9676 |
1977 0 1982 1 25! 5754 1 15 | 1706 |
1978 | 13200 23 48380 5859 |
1979 195¢ | 27 ¢ 5204 1 13 ! 1158 |
1980 1 2113 400 8754 76 ! 8867 |
1961 v 1237 02 0 4363 178! 5600 |
1982 1 1270 1 24 3966 | 76 | 5236 !
1983 ! M3 V11 2590 ) 83 ! ny
198 | 399 1 20 1596 1 80 ! 1935 |
1985 | 3% 0200 1518 1 80 ! 1894 |
1986 ! 796 1 22 | 862 1 78 1658 |
! ' I | : '

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

Note : De 1970 a 1376 : pour 1'enseable de 1'OPN.
De 1977 a 1986 : pour uniquement le port de Nopti.

Source : Rapports anpuels de 1'OPN, Nopti.

AL
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ANNEIE 8,

TABLEAU B.1. LES HUITS REGIONS NATURBLLES EN Se REGION REGEOUPEES EN TROIS ZOMES WATURELLES.

| égions Naturelles | Caractéristiques Principales | Zopes ! Superficle | Population | Densité

| | Naturelles  (ka2) f{a) {b) hbts/kad}
i:;::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: Vazzzszzzzzzzzlzzzsszzzzzass ::::::::::
t¥ord Delta iLacs peraanents-Zome imondanlel

i{Bas Delta) il1nitde-Blevage transhuaant eti

tculture de décrue.

]

|

iCentre Del'a tZone inondable 1mportante-Ele-
| {Koyen Delta) ivage transhumant - Riziculture
| jet culture séche,

| !

!
!
'
!

i
1 |
i |
i 1
1 i
: !
! !
DELTALL) 135.889(46%) ;606.011(488)} 17
! !
i i
! '
' 1
' !
' |
| !
' !

Sud Delta {Zone inondable importante-
{Haut Delta) ! laportarce de la riziculture 4

fcdté d2 la culture séche et

i plche.,
i |
l0uest Nelta 1Zone exondde proche du Delta-
V{Bord du Haut Delta)icorrespond 4 la zone d'atlente
| tpour les transhumants-Rizicul-
! tture. Cultyre séche et péche.
§ e e e e eemmemesossosloessssossssessssoossoSsssssssssmocosscoooonoos |
ISud Gourma 12one exondée-Elevage-Culture | PLAINE i ' ]
| {séche el en mares. ! du SENO ! ' ]
| ! Ioet ! | !
1$¢no-Hango iZone exondée trés sableuse- | SUD- ! | | |
| (Elevage-Culture extensive de { GOUENA 133695140A} 1472.503{37%)) 14
| iail et nidhé. ) B ! ' |
| i i ' ! | '
1$én0-Gondo iZone exondée-Culture de il et i | | |
! Inidbeé. | i |
oo e e o e e eSSl lossossssssoesseoosoosssssstssSssssoostoonos |
{Plareau Dogon {Paible disponibilité en terres} PLATEAU | | ! !
| tcultivables. Culture inteasive! DOGON 8219 (11%) {182.863(15M)1 22
| ide nil et marafchage. R X | I \ | i
oo e e e e s s o osen oS onossooSlsoomSTsrSnooTosnoonTToneT |
! La Cinquiése gégion }T7803(1008) (1261383(100% 16

(1) Cercles de Kopti, Djennd, Péndnkou, Youwarou et les arrondigsements de Boré et NGousa du
cercle de Douentza.

(2] Cercles de Bankass, Xoro et les arrondissemeats de Boni, Hondoro, Hombori, Douentza Central
du cercle de Douentza.

13) Cercle de Bandiagara.

Sources : Tableau 1nspiré de *Contribution 4 1'érude des dspects écologiques, soclaux et techniques
de quelques syscéwes de production en 5éme Région®. Division des Btudes Techaiques.
Institut d'Bcononie Rurale. Octobre 1978, Basako.
Chiffres ealculds 4 partir de :
{a} “tecensenent Administratit et Fiscal du 3 Na1 1986°. Ministére de 1'Adninistration
ferritoriale et du Développeaent 4 la Base. Bépublique du Kali.
(b) *Recensement Général de la Population et de 1'Habitat (du ler au l4 Avrl}®, Ninistére
de 1'Administration Territoriale et du Développement & la Base. République du Mali.
Juillet 1987,

AV



ANNEXE B,

B-2

TABLEAU B.2. LBS 20MES AGROPEDOCLINATIQUES DU DELTA

{Tone I
| DELTA-
i NORD

Zone II1
DBLTX
CENTRAL

one IV
LTA SUD

[

D

Scurces

!
iCercle de Yousarou, i
tarrondissements de i
1Sendegue et Korientze !
t{cercle de Nopti) et !
larrondissements de Bore |
tet NW'Gouma (cercle de |
{Douentza) '
i Arrocdissemect de Dioura

(Cercle de Tenenkou)

]

1

[}

: .........................
i Cercle de Mopti moins

v arrondissements de Sen-
i degue, Korientze, Soye

)
]

i1l

INTERIEUR DU NIGER EN CINQUIENE REGION.

39

iBffectifs)

Linites adainistratives ! Superficies (1)! Population (2)
aperoxiaatives jommmmmmmmeen e jommemmesoscenaas '

P4

Densite
{hab/kn2)

11

1Cerele de Tenenkou moins
iarroadissenents de Dioura
ret Diafarabe

Total Zone III

et crmeccccmm e
tCercle de Djenne,
larrondissenents de Soye
lcercle de Nopti) et
iDiafarabe (cercle de

{Tepenkou)

iCercles de Nopti, Djenne,
iTenenkou, Youwarou,
1arrondissenents de Bore
ret N'Gouma (cercle de
|Douentza)

(1} Recensement administratif et fiscal du 2 Mai 1986, Ninistere
de 1'Adninistration Territoriale et du Jeveloppenent a la Base,
(2) Recensement Gemeral de la Population et de 1'Babjtat du ler au
14 avril 1987, Ninistere de 1'Administration Territoriale et du

Developpement & la Base.

W
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MIRIE 3.

TADLEAU B.). POYENTIEL DB PRODUCTION DES Z0MBS AGROPEDOCLINATIQUES DU DBLTA INYERIEUR DU NIGER BN CINQUIENB REGION.

'Esseatiellenent elevage.

yPeche dans les lacs.
vCulture de decrue

'
]
'
'
1
'
'
|
1

Activites essentielles()!

Pression
Agricole(l)

1
1
i
i
iNoyenne a farte |
tautour des lacs et
tdes plaines rizi-
tcoles cu a decrue
1150-754) . Ailleurs:
i1a pression est
Isaisonniere

'
4

|
1
'
'

iCultures pluviales {ail-
1sorgho, arachide, foniol.

iBlevage s-uentaire et
‘transhumant izone
1d'attentel.

l
|
'
'
1
i

iRiziculture lcontrolee et

tnaturelle}.

‘Cultures pluviales. Peche

1Blevage. Naraichage.

1
1
1
4
1
0
!
I -

i

H
Bulle a faible au |
inord et a 1'ouest |
idans le Nema i
'Dioura {0-J0%).
‘faible a moyemne !
autour de Dioura |
(30-50%) i

i

|

iForte autour des
rcasiers rizicoles
! (50-75%)
iMoyenne sur les
'plaines exploitees
ien culture seche

) (30-50%)

i lones JPluviometrie(l)! Types de sols et leurs ! Pacteurs limitants{2

H 1Loagueur saison! carateristiques (2)

H | agricole {2} |

R : e B - osumemmrmnnnnennn e
‘Zose I 1 200-300 mm  |Dunes mortes et/ou aplanies 4 iTemperatures elevees.

' DELTA- | '1'ouest de Dogo et GatieloumouiFaible pluvicmetrie.

v BORD 1 (i5-45 jra)  iTerrains peu profondsi{0-50 cm)iTerrains bydromcrphes sal
. | |Lacs et aares importants ‘draiges et souvent sales
; i i ldans les bassios des lacs
' | i |

' ' | |

{ loge I1 | 200-450 mm !Duces aplanies a plaines sa- !Faible pluviomatrie.

{ DBLTA- | tbleuses au nord de Dioura. {Brosion eolienne au nord
i\ OUBST | {45-90 jrs) |Plaines limono-sableuses a

; ! rargiles au sud, argileusas ay |

H ' isud de Dioura [vertisols H

| | idosinants).

! i 180l moyennement profond

i ! } (50-100 ca) '

; | R bbbt R et
1%02e IIT { 300-500 ma  iTerrains inondes (50-70%) ‘Pluviometrie de plus en
\DELTX | IPlaines limono-arqileuses a  !plus faible

| CENTRAL ¢ (45-90 jrs) {sablc-argileuses.

' H 1Sl profond (50-100 cal.

1 ! |Terrains bydromorphes (10-30%);

; ! |daos les bas-fonds du Kiger

' H let Baai. !

' ] ] !

: ! jresssensssscasasasouasetaass !

} lone IV} 3%0-600 ma Terrains {mocdables importants;Peu de contraintes sur
1DELTA SOD| iPlaines limono-argileuses et |les sols mais les crues

! } 190-120 jrs) largileuses. 1du Bani soat de plus en

| ] 1Sol profond 1> 100 ca}, Iplus faibles

| | |Terrains hydroaorphes i5-10%) |

1 i ¥ '

jemesenam- i R D (mmmmmmemesssscscommocess-
Sources : (1) Releves pluviometriques de 1'ONN et de 1'ORN,

(2} Inspire du PIRT 154), 1646 et 1987,

‘Riziculture (controlee et

inaturelle}.

Cultures pluviales. Peche

'Blevage. Naraichage.

\Noyecne 3 forte
1

{50-73%)

1
¢
1
1
|
'
'
|
¥

'
'
'
)
'
i

ala



AXNELE B.

TABLEAU B.4.

Limites Admizistratives |
larrondissement)

1

1

i IDiankabou-Quest, ¥adougou)
H }Ouest, Dourou-Est, Xopo- |
i iro¥a-Ouest, Iani-Bonzon |
| 1 |Bst,bankass central-Quest|
| {Diallassagou Ouest,Sokou-|
| ira Quest, Ouenkoro Ouest,!
} |Séqué Est, Wo Bst. |

H

1 iDiankabou Est,

{1 iDiounganl, |
1H0RD{D1nangourou. 1
| }
i

t 1 {Xoro Ceatral Mord, Xopo- !
{CEN-{ro¥a, Nadougou, Goundaka,!
1TRE |¥o en partle. 1
| ET |
|
!

{ iToroli, Xoro cestral Sud,!
{Bankas ceatral, fami-Boa-|

SUD {zon Bst, Diallassagou Est)
|Sokoura Bst, Quenkoro |
|Centre. |

)

]

!5 IBaye,

! |Oueakoro Est.
|

!

6 |Bandiagara,
|Xendie.

I 7 | Douentza Central, Boni |
| | Hoabori, Mondoro |

Dupes aortes

Plaine limono-
sableuse

Dunes aplanies

iPlaige limono-sa- {Potentiel moyen.
ibleuse (sols peu
Iprofonds e hydro-lclisatiques, du développement!
| {norphes).

B-4

ITrés faible potentie!.
iSérieyses limitations clima- |
{tiques et du développesent |
iradiculaire.

{NB : Btroite bande de terres !
fertiles entre la talaise et |
{les dunes mortes.

Paible potentiel.
{Trés sérieuses l1aitatlons |
iclisatiques.
]
|

iPotentiel noyen (1),
ITrés sérieuses lisitations
lelimatiques.

Potentiel moyen.

|Trds serieuses limitations |
lclinatiques et par endroit |
{d'hydrosorphie. !
! ]

|Potentlel trés moyen.
IPrés sérieuses lisitations
lelinatiques et d'hydromorpbie

iTrds sérieuses limitations

Iradiculaire et d'bydromorphie!

. (1) Baut potentiel avec des linitalons climatiques moyennes autour de Koporola.
{3} Brcessive : Toutes les cultures arables sont sous cultures sais aussi quelques terres non-arables,

Trés élevéde : La quasi totalité des terres irables peuvent &tre sous culture.
Jusqu®d 50 A des terres arables peuvent Btre actuellement sous culture,

Noyeane :

Source : Selon techaique de zonage 4 partir des données du PIRT et de 1'ONM.

Pluvionétrie

1977-1986
{m)

LES TONES AGROPEDOCLIMATIQUES DE LA PLAINE DU SENO ET DES TERRES CULTIVABLES DU PLATEAU DE BANDIAGARA.

{Pression agricole(2))

Deas1té de popul.
{hab/ka2)

Bxcessive
a0

Trés &levée
5-15

Bxcesgsive
30 - 50

Bxcessive
20 - 40

Noyenne
5-10

Bxcessive
20 - 30

|
!
!

!
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ANKEXE B.

TABLEAU B.5. Classification des systémes de production rurale et 1'activitd de la péche dans le Delta.

i1, Systdae de production rurale. fDelta Sudi Delta Centre | Delta Quest i Delta Kord

{h) Systéme agro-pastoral:

.......................................................... - - ceman

' | ' !
| ! | | |
{ - Sous-systéae des cultures pluviales R t ! t ' +
' | | | }
! - Sous-systéme des cultures inondées ' | |
| . en subsersion libre T Hi ! - ! t
! . e submersion contrBlde |+ H | - | -
' . en P.P.1V I ++ ! - ! 4
' ! ! | !
| - Sous-systéme des cuitures de decrue Vo= - | - | +44
I | ! ! |
- Les agro-pécheurs ! ! ] !
' ! ! | '
{B) Systénme pastoral: | J |
! ! I | |
| - Sous-systéme nomade oo - ! t | +
' | ! I |
! - sous-systéme trzmshumant T +H } H | +H
! | ! | |
: ................................................................................................................
12, Activité de la péche: ] ! { |
' ! ! ! |
! - Type nomade R T t | - | +H
' I ! | I
| - type seai-nomade I t ! - ! +
! | ! | !
'
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ANNEXE B.

TABLEAU B.6. LES SYSTEKES DE PRODUCTION IDENTIFIES POUR LA PLAINE DU SENQ ET
LES PLAINES CULTIVABLES DU PLATEAU DE BANDIAGARA.

| Systéme | Groupe de | Situation |  Pédo- IPluviondtrielAccds aux | Pression

| | producteurs |Glographiyue! morphologie |  (ma) | Marchés [lagricole {1)
T e |
|Agropastoral | 1 | Nord {Dunes aplanies! 300-400 | Enclavé [Trés élevée |
| {Dogon) | | | I I I |
J e T |
| . ICentre et  [Plaine limono-| 400-450  tDésenclavé! Bxcessive

! | iPlateau | sableuse | | | |
I b e e I
' |11 | Sud iDunes aplanies{ 450-650 | Bnclavd | Bxcessive

e LT T . |
| Pastoral | IV i Yord iDunes aplaniesi 300-400 | Enclavé |Trés &levée

I (Peul) | | | | | | |
I T e e e |
'

|

]

{1} Selon le PIRT, 1986:
Trés ¢levéde : La quasi totalité des terres peuvent &tre sous culture,
Excessive : Toutes les cultures arables sont sous cultures mais aussi
quelques terres non-arables.

Sources : Enquéte informelle. Projet IER-USALD-MSU. Dernidre décade du mois
d'aolit 1987,
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ARREXE C: TESTS DU PNT SUR DEUX ROTATIONS TRIBRNALES.

1. RBSULTATS AGRONONIQUES DE LA PRENIERE SERIE DE TESTS (1979-81),

TABLEAU C.1. RESULTATS AGRONONIQUES DES TES?S DE PHOSPEATE DE TILENSI BN

PRENIERE ANNEE (1979),

!

H Sites ‘Pluviometrie! Rendement en kg/ha

M b utile (mm) feemeemmmomomseeoocooio e
' ! tArachide {Arachide ! Xil | il

I | tavec PNT isans PN? |avec PNT !sans PAT
R R
11 Tanoua-Iby l 198 | 131 657 | 50 | 86
{10urokorolin | 386 | 807 | 653 1 1189 ¢ 115
| e m e cuncar e a e e - —————— - - ——————————— - = = .= —— - -
i 1Moyenne du Centre | 92 | 819 | 655 | 619 | 230
R e LT
tiSokoro f 445 | 856 | 584 ! 133 4 183
b m oo s e e e e e e
{1¥oyenne du Sud S DR 183
|

|

Source : SAFGRAD, Rapport Amnuel 1979, Bamake.

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

TABLBAU C.2. RBSULTATS AGROMONIQUES DES TESTS DE PEOSPEATE DE TILENSI B

DEUXIBXE ANKEE (1980},

H Sites Pluviometrie! Rendesent en kg/ba
M A L I R
1 | INil avec |Nil saps | Nil | il
H | '\ PNT* | PN * lavec PHT !sans PAT
At
| 17anoua-1by | W11 1094 ) 352 1 909 ! a1
{{0urokorolin : M 185 518 | 845 | {80
: .......................................................................
| 1Moy, Seno Centre ! 08 1 1238 | 435 | 877 ! 380
e
{1Sokoro | 02, 1037} 8420 1011 614
Noy. Sepo Sud | {02 1037 ¢ g2 1 1ol 614

H I i I

t : Nil venant apres arachide.

Source : SAFGRAD, Rapport Annuel 1980, Bamako.

-----------------------------------------------------------------------
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AXNEXE C.

TABLEAU C.J. RBSULTATS AGROKONIQUES DES TESTS DE PEOSPEATE DE TILEXSI BN
TROISIENE ANNEE (1981).

' Sites i

K Putile (an) deemeoomeemeeee i
" ' lArachide iArachide | Nil ! xi1

I ' 1avec PAT isans PAT lavec PAT !sans PRT !!
P e e e, "
' |Tanoua-Iby ! 292 | e | 186 | {05 | 236 |1
! 10urokorolin | {19 | 64 ! M 91 867 11
A "
1oy, Semo Cestre | 156 | {1 05 669 | 551 |

e "
1Sokero | {82 264 ! 209 | 800 | 158 })
et "
! 264 209 H
' !

Source : SAFGRAD, Rapport Annuel 1981, Bamako.

o '3&(161
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2. RESULTATS AGRONOMIQUES DE LA DEURIENE SERIE DE TESTS (1980-82).

TABLEAU C.4. RESULTATS AGRONONIQUES DES TESTS DE PHOSPEATE DE TILENSI ER
PRENIBRE ANREE (1960).

Dianbadougou
Doundoun
Firon

Diankabou
Dioungani

iDiomen

| 1Bavena
110urokoun

1 1Gomassagot
i IRopora-Pen
11S0g0ssin
1Tere

]
1Toroly
ILessagou

[}
[
B
[= %
Ld
(=]
=

Pluviometrie!

utile |
(an}

1)

Xil

tArachide

avec BT

30
31 (n
494
101 (K)
352 (W)
620

tArachide |
isans PRT Javec PN?

fource : SAPGRAD, Rapport Annuel 1980, Bamako.

Noyenne du Plateau]

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

-----------------------------------------------------------------------
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ANEXE C.

TABLEAU C.5. RESULTATS AGRONONIQUES DES TESTS DE PEOSPEATE DE TILENSI EN
DEUXIEME ANNEE (1981).

Pluvionetrie! Rendement en kq/ha '

|

i Sites !

" Putile 1) Jmmmmmmmmemmem oo "
" ' {3} INil avec INil sans | Nil | N{l !

' i i PET ¢ | PRT t lavec PRT !saps PHT !

R T T "
1iDiambadougou ' 300 | 30 4 1 179 | 113

i 1Doundoun ' il 113 5 1 59 ! {1

i 1Piron | 284 ) {83 ) M 205 ) 127 1
e e e e e e '
'1Noyenne du Plateau! 42 nd 170 ! 161 | 54 1

[ m s o e e e e e "
}1Diagkabou ! 355 502 1 399 | 645 | 460 |

i iDioungani ' 206 | 511 354 | 162 | 88 |

Pl e e e e e e "
ii¥oyenne du Nord ! 181 | 476 | 376 ) 336 | 183 1

e e T T i
i1Dioncn ' 1y 129 | 638 | 768 | 762 |

!1Bawena ! e ! 720 | 44 Ny 122 11
110urokoun ' 302} 894 | 619 | 517 | 307 4

| 1Gonossagou | 438 1 ! 157 | 139 | 121§

t1Koporo-Fen | 264 | 691 | {05 ! 626 | 362 1
'1S0q0ssin ] 362 ) 185 | §55 ! 639 {16 |

f1Tere | 509 ! 501 4 488! {15 | 345 1
1iDangatene | 305 ) 987 | 961 | 819 ! g0l i}
R e T H
(1Moyeone du Centre | 358 682 537 1 541 1 {4

R T R "
i1Toroly ! T 659 | 63 ! 621 | 467 |

11Lessagou ! {50 | 13 | 508 | 755 1 456 |

Do e e e e "
!iMoyemne du Sud ! Y 686 | 570 | 688 | 461 |

t : Ni] venant apres arachide.

Source : SAPGRAD, Rapport Annuel 1931, Bamako.



C-5
ANREXE C.

TABLEAU C.6. RESOLTATS AGRONONIQUES DES TBSTS DE
PEOSEATE DE TILENSI SUR ARACRIDE
EN TROISIENE ARNEE (1982},

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

Sites iPluviometrie!Rendenent en kg/ba |

[N}

" betile {1)  J=mmeemcsccmcoanas "
I i (m) tArachide !Arachide !|
" | iavec PNT lsans PNT ||
R T "
'{Piron ! 145 193 | 90 1
R L i
i!Xoyenne du Plateau| 145 | 193 ) 80 1)
R "
11Diagkabou ' U 14 m
!{Moyenne du Xord | 240 ) 14 N
P e e e 0
' |Diomon | 300 1 93 | 59 0
| 1Bavena | 129 4 {221 AR
i10urokoun | e 78 | 181 11
V150gossin ' 284 ! 170 ! 1m
V1Tere ! {10! M IR
!1Dangatene : 293} 226 KT
R R LT R R R "
1Moy, Seno Centre | 187 ! U5 21
e e e e e e 0
11T0roly ! 268 ! 137 15 1
| 1Lessagou | 133 | 178 4 84 1
T T "
| 1Koy, Seno Sud ! 350 ! 207 ERE
H ! } ! "
K H

Source : SAFGRAD, Rapport Anonuel 1982, Bamake.

~
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TABLEAU C.7. RESULTATS AGROKONIQUES DES TESTS DE
PEOSPBATE DE TILENSI SUR MIL BE
TROISIENE ANNEE (1982).

' $ites {PluvicmetrieiRendencat en kg/ha

; boutile (1) e--emmooecocoeneee-
" v () I (SN 3
" ! javec PAT !sans PNT
| e ddcucmmmescsrccreccrememamcmceccacam—e et aae
i {Dianbadougou i 166 | 11 93
t1Doundoun i 106 | i1 | 101
VPiron | 185 | 51 230
L e cincccrcccnmcmnuccccmr e mar e rcccccmec e e n——
| INoyenne du Plateau! 152 | 124 141
e e P EER
i {Diankabou ' 40 ! 348 el
tiDioungani ! 209 | 532 1 526
R L L L LR PP
|1Moyenne du Xord | 4 0} {00
!1Dionon : 300 1 £85 | {5
}1Bawens ! 129 4 §37 4 1]
! 10urokoun ! i 136 | 488
1 1Gomossagou ' 167 | 192 | 141
' 1Roporo-Pen ' 175 | 219 | 1
1180gossin ' 284 ! 122 264
1Tere {10 | 304 ! e
i 1Dangatene : 293 1 59§ | 657
e m e e rcccr e s cenrrera e r e m e e — e, o e - e~ ————
}iNoyenne du Centre | 79 4 83 ! 301
Pl ommm oo e
1 1Toroly ' 250 | {07 51
i 1Lessagou ! YRR 186 | 11
|
1
;
'

Source : SAPGRAD, Rapport Annuel 1982, Bamako.
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ANNEXE D: TENPS DE TRAVAUX DES OPERATIONS CULTURALES.

TABLEAU D.1: TENPS DE TRAVAUX DES OPERATIONS CULTURALES DE L'ASSOCIATIOR MIL-NIEBE (Revue de la literature).

REFERENCE: COREN DPE SEULMAN VALLEE BA
DESCEIPTION DE L'Up:

Bopulatica de ['UP §.0 11.¢ 3.6

Ybre d'actifs 5.8 6.0 12.2

Equipenen: daba daba charrue daba c¢harrue daba charrue daba charrye
Sup. totale k3 §.1 6.4 §.0

Sup. en a1l (ba) 1.9 6.4 §.0

OPEEATIONS CULTURALRS:

Nettcyage 3.9 10 | 12.0
Preparation du sol 0.1 0.3 0.1 6.) 5.0 1 6.0
Sexic du ail 1.4 6.7 8.3 3.1 3.1 2.0 3.0
Semis du niete 0.§

Seris dy dak 0.4

Fertilisation 0.5

Demariage 4.0

ler sarclage 2.9 | 1.0 8.8 4.6 3.5 ] 18.0 10.0
lere sarclage 17.9 1 15.0 .6 } 5.0
Traitement phvtosanitaire

Recclte du il 6.9 6.9 8.1 I 5.0 7.0
Fecolte dy uiebe 1.]

Pecolte dy dat 0.6

Battage et vaanage |

Trapsport | 1.3 o0l 1.8 ]

Stackage | |

Sous tatal 54.0 1.9 50.7 8.1 18.6 61.0 50.0
Nein d'oeuvre exterieure 1.} 1.0

TITAL 54.0 3.2 51.7 3.1 18.6 61.0 50.0
RENCENENT {kg/hal

il 512.0 7.0 215.0 + 0 §0c.0  720.0

Xieks 6.0

Dah 11.0
:::::::::::::::::::::::::::::::::::::‘.‘::::::::::::::::::::::::::::::::::::::::::::::::::::::'—':::::::33::::::::::3'3:

{1} Daba: houe maruelle

Charrue: charrue TN a traztion bovine

Boue as.: Muiticuiteur a iraction asire
Sources:
Cchen (13811: Village du Sens, 12 kw sud de Backass, 1978, S06ma.

ovenne sur 19 champs de brousse mil-niebe et 18 champs de case mil-niebe-dah.
UPL (1984 : LER de Toroli (2¢omm) et Diallassagoes (323am}, 1984,
34 UP non equipees et 14 UP equipees dans £ vijlagee.

Shulman (1379:: Estirations jererales pour e Nali.
VYailee et Simpira [19&C): Estizations generales pour ia plaine du Seno.
Ba. Zerb: and Ciarra (19820 Naii Sud.
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ANNEXE B: VALBURS PINANCIERES BT BCONOMIQUES.

TABLEAU B.1: COURS DU PETIT MIL SUR LES NARCHBS DES CERCLES DE LA CINQUIENE REGION, DE TOMBOUCTOU ET GAO
(Prix en F.CFA pour 1 kg de nil)

e D R e Rl T T T UL UL U DRSSPI

i ¥ois ; Nopti Bandiagara Baolass Djenne Dovesntza Kors Teceatou  Youwarou Tompoustou Gao
Wuillet 1586 H 10 0d 60 85 85 55 100 100 §
1aout : 15 96 60 80 50 H NA NA 100 110
iSeptendbre | 65 7 60 60 15 M 85 100 106 95
i0ctobre : 85 85 50 L] A 55 80 30 140 85
Navembre , 50 tH n 15 10 3] {5 15 Hs 3
Deceapre 5% 35 N 15 i b 60 73 130 15
iJanvier 19471 55 [} 28 38 15 5 50 10 115 10
‘Revrier H {0 {5 )0 15 10 39 50 by 90 60
Mars i {0 {5 10 38 XA (] XA 60 110 60
Hhvril ; 55 50 NA {0 A i 80 65 30 15
i ! 59 60 't 50 60 35 30 1} 110 15
Huin ! 50 65 50 {0 85 5 65 10 110 15
Vuillet ) 65 60 {5 {0 n 50 50 80 115 §0
‘hout H 80 15 65 60 15 55 09 80 110 80
iSeptenbre | 15 15 5% 60 15 60 10 50 100 15
0ctabre i 65 69 59 H 65 H 65 85 100 15
Noveabre | 10 £5 60 80 NA 80 15 80 100 30
iDecenbre | 65 10 59 NA LM {5 15 80 100 30
iJanvier 1948; 15 15 o0 60 90 M 15 i 100 85
Tevrier H 100 i5 0] 10 100 40 15 120 115 100
Mars | 165 100 0 bH 120 180 il 110 135 128
avril i 110 105 50 §5 130 100 110 10 138 125
i 1 100 115 100 i 128 100 129 150 150 138
Wuis | 110 135 110 31 Ni 10§ 30 150 165 150
Wuillet ! 150 200 130 160 160 160 165 165 165 160
idout : 135 16§ 135 160 n 110 13§ L1} 145 150
iSepteabre | 110 115 100 I 135 120 80 130 165 110
iOctobre 86 - Septeabre 84:
iNoyenne ! 19 §) 66 68 §1 69 0 §7 123 96
1Bcart type | 10 )4 1 1 3 H 1] 1] 1 3
H B} 13 { 55 n {9 {1 " 1 0

Source: Sulletins Mensuels. Systeme d'Alerte Precoce.
Yinistere de 1'Mdninistratico Territoriale et du Developpement a la dase.

t
b

o

-~

<
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TABLEAU B.2:

DE TOXBOUCTOU BT DE GAD

! Mois  !Bapdiagara Baclass
| J/FCEA % FCFA %
Wuillet 1986; -5 -8 5 8
thout vl <2818
|Septeabre | -5 -8 5 8
10ctobre 00 15
{Hovembre | -5 -10 20 {0
\Deceabre 1 0 ¢ 30 55
‘Janvier 19870 10 L& 21 &9
iFevrier T N T 1
iNars =S -13 10 2
thveril T S I 1)
1Mai F-S -9 10 18
Wuin 1 =15 =10 0 0
tJuillet Co5 1y N
1hout b5 68 151
‘Septeatre | 0 0 20 N
10ctobre P00 10 15
'Novembre ! 5 7 10 U
{Decembre |} -5 -8 10 15
IJanvier 19881 0 0 15 20
iFevrier 1515 0 20
iNars S S LI U
hvril - T T [ S |
Mai v =15 -15 0 0
tuin L I L
Wuillet AN KR [ R &
ihout b-300-22 1
iSepteabre | -5 -5 10 9
‘Octobre 86 - Septembre 88:

iNoyenne Y R LI )|
'Bcart type | 13 13 TN

Source: Bulletins Meusuels. Systele d'Aerte Precoce.

Djenke

PCEA

18

13

E-2

Douentz:

FCFA

]
L]
-15
{
-15
-10
-15
KA
-10
n
=25

-12
10

-0

KA

a0

35

-0

Ministere de 1'Administration Territoriale et du Developpesent a la Base.

Tozbouctou

BCFA

-35
-2
S
-75 -
-95 -
-4
.60 -
-50 -
-"’0 -
-2
-55 -
-60 -
."0 -
-0
-25
-35
-30
-35
-2
-15
-30
-2
-50
-35
-15
-50
-55

-i

{

54
-33
=54
115
190
=82
109
125
175
=45
100
120
168
-38
=11
-5
-4
-54
=33
-15
-39
-2
-50
-2
-1
-1
=50

-69

Gao
FCFA

MARGE CONNERCIALE BRUTE (FCFA et %) POUR LE NIL ENTRE LES NARCHES D% HOPTI ET CEUX DE LA Seme REGIOK,
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TABLEAU E.3: HYPOTBESE DES PRIX PINANCIERS SELON LES ZONES AGROCLINATIQUES (PCFA financiers).

PRODUITS ET INTRANTS sUD CERTRE/PLATEAU XORD

) BUDGETISE  ACTUEL(9)BUUGETISE  ACTUEL  BUDGETISE  ACTUEL

Semence de »il (FCFA/X¢) (1) 69 50 69 55 69 60

semence de niebe {FCFA/kg) 00 150 200 16C 200 180

Semence d'arachide (FCFA/kg) 80 50 80 60 80 80

Semence de sesame {FCFA/kg) 150 150 150

APROK + {PCFA/sachet) 300 300 300

Thioral {FCPA/sachet) (2) 63 63 63 63 3! 63

Decis (PCPA/L) 1870 1870 1870

Actellic (PCFA/sachet) 220 220 220

Phostoxin {FCPA/comprime) 200 200 200

Sac plastique (FCFA/sac) 500 500 500

Phosphate naturel Tilemsi{FCFA/kg)(3) 35 15 35

Phosphate d'amoniaque (FCPA/Xg) (3) 170 170 170

Phosphate super simple(FCPA/kg) (4] 10 10 70

Uree (FCFA/kg) (3) 160 160 160

Appareil T 15 (FCFA/unite) (4) 19130 18130 19130

Charrue TN Smecma {FCFA/unite) (5) 44200 44200 44200

Boue asine Smecaz (FCPA/upite) (5) 39400 19400 39400 39400 39400 39400

Paire de boeufs de labour (FCFA) §0000 80000

Ane (FCER) 20000 20000 25000 35000 20000 20000

Nil [PCFA/kg) 50 30 60 40 10 50

Niebe (PCFA/Xq) 100 60 110 70 120 80

Arachide (FCFA/Yg) 50 35 5% {0 60 {0

Sesame (FCFA/kg) 70 15 10

Betail sur pied (FCFA/Rg) 200 200 150 350 200 200

Pane de niebe (PCFA/kq) 12 12 15 15 12 12

Fare d'arachide (FCPA/kq) 12 12 15 15 12 12
Opportunite de la main d'oeuvre (FCPA/jour):

{6) 350 350 {51 {51 198 398

{7 463 {6 614 614 539 519
Opportuuite du funier (FCFA/T) 1000 1000 1500 1500 1000 1000
Inflation estimee (%) (8) b § b § b 6

----------------------------------------------------------------------------------------------------

Prix de vente OPSS (1988) augmente de 10% pour le transport en Seme region,

Prix de vente SHPC (1988) augmente de 10% pour le transport en Seme region.

Prix comptant aux producteurs CNDT (1988) augmente de 10% pour le transport en Seme region,

Prix d'achat OBY (1983) augmente de 10% pour le transport en Seme regios.

Prix sorti usine SECKA (1988) augmente de 10% pour le tramsport en Seme region.

Vis-a-vis de 1'association mil-piebe avec la technologie traditionnelle.

Vis-a-vis de 1'association mil-niebe avec la technologie traditionnelle amelioree {equipe),

Estimation utilisee pour 12 calcul du taux d'interet ree!.

ACTUEL: Valeurs observees lors des enquetes et utilisees pour les budgets relatifs a la
technologie traditionnelle et la technologie traditionnmelle amelioree.

BUDGETISE: Valeurs estinees et utilisees pour les budgets relatifs aux paquets technologiques

propeses.

W/

A

Y
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TABLEAU B.{: HYPOTEBSB DES PRIX BCONONIQUES ET DRS COUTS D'OPPORTUNITE SBLON LES Z0NES AGROCLIMATIQUES
(FCPA economiques) en utilisant la methode du taux de cbange de reference (Gittinger, 1985).

PRODUITS BT INTRARTS ] S0D CENTRE/PLATEAV NORD
BUDGETISE  ACTUEL  BUDGETISE  ACTUEL  BUDGETISE  ACTUEL
Prime de changefy) (1) kK|
Semence de mil (FCFA/kg) (2) 69 50 69 55 69 60
Subvention 0 14 14 14
Valeur econorique (FCPA/kg) 8] 50 83 55 83 60
Semence de niebe {FCFA/kg! 200 i%0 200 160 200 180
Subvention 20 40 {0 {0
Valeur econonique(FCFA/kg) U0 150 o 160 a0 180
Semence d'arachide (PCFA/kg) 80 50 80 60 B0 80
Subvention 20 16 16 16
Valeur economique{FCFA/kg) 96 50 96 60 56 80
Semence de sesame (FCFA/Kg) 150 150 150
Subvention 20 30 30 30
Valeur econonique(FCFA/kg) 180 180 180
APROX + (FCPA/sachet) 300 300 300
Element importe 80 0 240 20
Blement national 20 60 60 60
Droit entree {3) 0 0 0 0
s {4) 5 12 12 12
Autres tares 0 0 0 0
Subvention 0 0 0 0
Valeur economique (PCPA/Xg) 363 163 363
Thioral (PCPA/sachet) (5) 6] 6 6] 63 §) 63
Element importe 80 50 50 50 50 50 50
Elesent national 20 13 13 13 1) 1] 1]
Droit d'entree 0 0 0 0 0 0 0
{ps 5 ] ] ] ] ) )
Autres taxes 0 0 0 0 0 0 0
Subvention 0 0 0 0 0 0 0
Valeur econonique (FCPA/kg) 16 16 16 16 76 76
Decis (FCPA/L) 1870 1870 1870
Element importe 80 1496 1456 1496
Element national 20 N NN N
Droit d'entree 0 0 0 0
(ps 5 15 15 15
Autres taxes 0 0 0 0
Subvention 0 0 0 0
Valeur econonique(FCFA/L) 2264 2264 2264
Actellic [FCPA/sachet) 220 220 220
Element importe B0 176 176 176
Blement national 20 i i ']
Droit d'entree 0 0 0 0
CPs § 9 § §
lutres taxes 0 f 0 0
Subvention 0 0 0 0
Valeur economique(PCFA/L) 266 266 266

e o > 0 o O D > S e B e e D D B e e e e e R D P e O 0 S 4 O D 48 B o o Y S S R T D B e P D P
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TABLEAU B.4(SUITE): HYPOTHRSE DBS PRIX BCONONIQUES ET DES COUTS D'OPPORTUNITE SELON LES LONES AGROCLIMATIQUES
(FCPA econoaiques) en utilisant la methode du taux de change de referesce {Gittinger, 1935).

sU0
BUDGATISE

PRODUITS BT INTRANTS \
Phostoxin (PCPA/comprine)

Element iaporte 80
Elexent national (8) 20
Droit d'entree 0
ces §
lutres taxes [}
Subvention 0

Valeur economique(PCPi/unite)
Sac plastique (FCPA/sac)

Bleneat importe 80
Blenent pationl 0
Droit d'entree 0
cps 5
lutres taxes 0
Subvention ]

Valeur economique(FCPA/unite)
Phosphate naturel Tilemsi(PCPA/kg)({7)

Subvention 0

Valeur economique(IFCFA/kg)
Phosphate d'amoniaque (FCFA/kg) ()

Bleaent importe 80
Rlenent national 10
Droit d'eatree 0
cps 5
lutres taxes’ 0
Subvention 0

Yaleur economique(FCPA/kg)
Phosphate super siaple (PCPA/Rg) {8)

Blesent importe 10
Bleaent national 0
Droit d'entree 0
CPs 5
dutres tazes 0
Subveation 0

Veleur economique{PCFA/kg)
Uree {FCPA/Kq) (T)

Bloaeat importe 30
Blement national 0
Droit d'entree 0
cps 5
lutres tazes 0
Subvention 0

Yaleur economique(PCPA/ig)
Appareil T 15 (FCPA/unite) (8}

Blenent inporte 30
Blement national 20
Droit d'entree 0
CPS 5
dutres taxes 0
Subvention 0

Yaleur economique(PCPA/unite)

100

605

194
19130
15304

3826
0

165

0

0
1163

CENTRE/PLATEAV
BUDGETISE

160

XO0RD

BUDGETISE  ACTUEL

1Y
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TABLBAU B.4(SUITB}: BYPOTEESE DES PRIX ECONONIQUBS BT DES COUTS D'OPPORTUNITE SELON LES ZORES AGROCLINATIQUES
(FCPA economiques) en utilisant la aethode du taux de change de reference (Gittinger, 1985).

PRODUITS BT INTRANTS ] bji] CENTRE/PLATEAU NORD
BUDGETISE  ACTUEL  BUDGETISE  ACTUEL  SUDGETISE  ACTUEL

Charrue 78 Smecaa (FCPA/unite) (§) 44200 14268 el
Elenent iaporte 30 )5360 $53e0 13060
Elenent national 10 8840 3840 §340
Droit d'entree 0 0 0 0
cPs § 1768 1785 1768
lutres taxzes 0 b] ] 0
Subveation 8 1838 1836 1836
Valeur economique{fCFi/unite) 57053 §705) §105)

Boue asine Smecma (FCPA/unite) (9) 39400 39400 3300 39400 J3400 54D
Bleneat importe 80 1520 31820 520 01520 520 51
Elesent national 20 1880 1830 1840 1880 1440 180
Droit d'entree 0 0 0 0 0 0 0
P 5 1576 1578 1576 1576 1574 1576
Autres taxes 0 0 bl 0 0 0 0
Subvention 8 152 LY BILY, 352 EILY] 3152
Valeur econonique(FCFA/unite) 50858 50858 50854 50858 30858 50858

Paire de boeuls de labour {FCPA) 80000 50000

loe (FCRA) 10000 20000 25000 25009 20000 20000

Xil (PCPA/kq) 5 30 60 {0 0 50

Niebe (FCFA/Ig) 100 60 110 10 120 80

Arachide (FCPA/kg) 50 35 89 {0 60 {0
Ajust.prix front.’c 0 0 0 0 0 0 0
Valeur economique(FCFA/unite) 50 18 1) {0 1] {0

Sesame (PCFA/Rg) 10 1% 10
CPs {10) ) 2 | b
Taze d'exportation 5 { { {

Valeur economique (FCPA/unite) 101 108 101

Betail sur pied (PCPA/Rg) 200 200 250 250 200 200

Fege de niebe (PCFA/Mg) 12 12 15 15 12 12

Fane d'arachide (FCPA/kg) 1 11 15 18 12 12

Opportunite de 1a aain d'oeuvre [PCPA/jour):
(1) 150 350 {50 450 198 198
(12) 4 (1T 590 590 2 512
Opportunite du fumier (FCPA/T) 1v00 1030 1500 1500 1000 1000
Taur d'interet economique(t) 12 12 12 12 1 12

(1} Eo tenant compte seulement du deficit de la balaace de paiements
et son de la structure de protection au Mali (Stryker et al., 1987},
{2} Prix de vente 0PSS (1988) augente de 10% pour le traosport en Seme region.
(3] Droit d'estree comprenant le droit de douame (D), le droit fiscal {'inportation (DFI) et la taxe
de 1'0ffice de Stabilisation et de Regularisation des Prix [0SRP).
{4} Contribution pour Prestations de Services particuliers rendus a 1'inportation.
(S) Prix de vente SEPC (1988) augaente de 108 pour le traasport en Seae regioo.
(6) La marge commerciale maximale autorisee est fixee a 208 sur la valeur inportee hors tage
3 la SNEEPC pour les engrais et les pesticides.
{1) Prix comptant aux producteurs CMDT (1988} sugmeate de 10% pour le traosport en Seme tegion.
(4) Priz d'achat OBV (1988} augmeate de 10% pour le tramspart en Seme region.
(8) Prix sorti usine SNECMA (1988} augmente de 0% pour le tramsport en Seme region.
{10] Contribution pour Prestations de Services particuliers reodus 1 |'exportation.
{11) Vis-a-vis de 1'association ail-niebe avec la technologie traditicnnelle.
(12) Vis-a-vis de 1'association ail-niebe avec la technologie traditionselle amelioree [equipel.
Tote: Le prix econonique des intrants est calcule de cette facon:  iPrime de change ex ¥ / 100 + 1
t (Blesent ingorte - Drait d'entree - CPS) + (Llement national - Autres taxes + Subvention).
Le priz ecosonique des produits est caleule Je cette facon:
(Prine de chanae en ¥ / 120 + 1) ¢ iPrix au oroducteur + Taxes 4 excortatis:
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TABLEAU E.5: CALCOL DES CHARGES ANNUELLES PIKANCIERES SELOM LES 20MES AGROCLINATIQUES (FCFA/BA/ANI (1),

E-7

EQUIPENENT suD CEXTRE/PLATEAU XORD
BUDGETISE  ACTUEL  BUDGETISE  ACTUEL  BUDGETISE  ACTUEL
Appareil T 15:
reriode dy pretian! { { {
Taux d'icteret nominal BEDA(Y) 9 9 9
Tauy d'interet reelfy) ) ] ]
Coeff. de recuperation du capital 0.7 0.2 0.27
Ancuite coastante{FCFA/an) 5146 5146 5146
Ertretien(FCFA/an) 500 500 500
Superficie (Ha) { { {
Charge aopuelle!{FCFA/Ha/an) 1412 1412 1412
Nateriel agricole: Charrue?X Houe as.  Boue as. Roue as.  Houe as. Houe as.
Feriode du pretiacn) { { { { { {
Tauz d'interet nominal BNDA(Y) 9 9 § g 9 9
Taux d'interst reel(t! ] ) ] K ] ]
Coeff. de recuperation du capital 0.7 0.27 0.27 0.27 0.7 0.27
Annuite constante{FCPA/anj 11891 10600 10600 1060¢ 10600 1060¢
Entretien(FCFA/an) 500 500 50¢ 500 500 500
Superficzie (He! { { { { § §
Charge annuelle!FCPA/Ba/an) 3098 2775 3115 778 775 775
knixauy de trait: 2 boeufs  Ane Ane Ane Ane Ane
Periode activel(an! b 6 b § b 6
Taux de mortalitely! ) ] ) ] ] ]
Periode ajustee(an) 5.8 5.8 5.8 5.8 5.8 5.8
Taun d'ipterer mominal BADA(Y) 9 9 § 9 9 §
Taux 4'interet reelld: ) ) ) ) 3 3
Coeif. de recuperation du capital 0.19 0.19 0.1§ U39 0.19 0.19
honuite constante (PCFA/an) 15233 3808 {760 4760 308 Jg0¢
Ectretien!{FCFA‘an) 27600 9600 12000 12000 9600 9600
Superficie (Ral { { { { { {
Charce annuelle(PCFA/Ba/an) 10708 3352 {190 {0 1352 1352
Phcsphate naturel du Tilemsi:
Periode du pret{an) ] ]
Tavx d'interet nominal BEDA(Y) 9 3
Taux d'interet reel(y) ] ]
Coeff. de recuperation du capital 0.35 0.3%
Aonuite constante(FCFA/an) 12 11

{1} Pour simplifier le calcul, 1'annuite est supposee constante en termes reels durant la periode du pret.
L'azouite est calculze » 1'aide du coefficient de recuperation de capital (capital recovery factor)
en utilisant le taux d'interet applique par 1a BADA 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 ume annmuite
~oastante durant la periode du pret,
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TABLEAU E.6: CALCUL DES CEARGES ANNUELLES ECOMOMIQUES SELON LES ZONES AGROCLIMATIQUES(FCFA/HA/AN) (1),

EQUIPENENT

Appareil T 15:
Periode du pretian)
Taur d'interet econorique(t)
Coeff. de recuperation du capital
Annuite constante{FCFA/an)
Entretien{PCFA/an)
Superficie (Ha)
Charge annuelle(FCFA/Ea/an)
Kateriel agricole:
Periode du pret!an)
Taux 4'interet econozique(¥)
Coeff. de recuperation du capital
Annuite constante(FCFA/az!
Entretien{FCFA/an)
Superficie (Ea)
harge annuelle(FCFA/Ba/an)
Anisaur de trait:
Periode active(an!
Taux de acrtaiite(y)
Periode ajustee!an)
Tauz d'interet econoxiquel¥)
Coeff. de recuperation du capital
Anpuite conmstante(FCFA/an)
Entretien(FCFA/an)
Superficie {Ha)
Charge annuelle!FPCFA/Ha/an)
Phosphate naturel du Tilemsi:
Periode du pret{an)
Taux ¢'interet eccnomiquel¥)
Coeff. de recuperation du capital
Annuite constante(PCFA/an)

BUDGETISE

12
0.33
1626

500
{
2031

S0

ACTUEL

CharrueTN Houe as.

b

12
0.2
1381
500

{
3594
3 boeufs
b

]

5.8
12
0.25
19927
27600
{
11882

]

12
0.42
15

3

12

0.24

12370

500

{

nn
Ane

b

k|

5.8

12

(.25

4982

§600

3645

(ERTR

E/PLATEAU

BUDGEYISE  ACTUEL

12
0.3
1626

500

4

a0
Boue as
6

12

0.24

123710

500

{

nn
Ane

b

]

5.8

12
0.35
6227

12000
{
4557

3

12
0.42
15

. Houe as.
6
12
0.24
12370
500
{
nn
Ane
3
k|
5.8
12
0.25
8221
12000
4
{557

BUDGETIS

12
0.33
1626

500

{

2031
Boue as
3

12

0.24

12370

500

4

m
Ane

6

]

5.8

12
0.2%
582
360¢

{
3648

]

11
0.42
15

X0RD
E ACTUEL

. Houe as.
3
12
0.4
12370
500
{
nn
Ane
6
]
5.8
12
0.25
{982
9600
4
3645

(1) Pour simplifier le calcul, 1'annuite est supposee constante en terxes reels durant la duree du pret.
L'anouite est calculee a 1'side du coefficient de recuperation de capital (capital recovery factor)

en utilisant le taux d'interet ecomomique estime. Cette methode permetant d'obtenir une annuite constante

n'introduit pas d'erreur d'estination 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 economique utilise ici.
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ANNEIE F: CONPOSANTES DES PAQUETS TBCHNOLOGIQUES BYALUES.

TABLEAD F.1: COMPOSANTRS DES PAQUE?S TRCENOLOGIQUES *ASSOCIATION NIL-NIEBE® SELON LES 20NES AGROCLINATIQUES.

12KE: SUD CENTRE, PLATEAU NCRD

STADE TECHNCLIGIQUE {i): ANELIGRE TRAD.AN. TRADITIONNEL  ANELIZRE TRAD.AN. TRADITIONNEL ANELICRE TRAD.AN. TRADITICMNEL

Tirietes:

Nl NI Ltacale  Locale L] Locsle  Lacale BV 3001 Loeal:  Lesale
Niepe Goroagorom Lacale  Locale Sorcasorer Locaie  Locale soromborom Lecale  lecale

Deasite ipoquets/Ba):

Xil 16500 10000 10300 680 10622 L0dd NI 103 10083

Viege 13300 5000 5000 13300 3398 Ehiv 13300 5630 5009
Quactite semegces ixy/dal:

nl 5 10 10 8 i 16 3 12 1é

Tiebe 8 ] ] ] ] } § i )

Traiteaent Jes semences:

il Produit commercial: APRON +  Thioral Thjoral LPRON ¢+ Thioral 1Thioral APRON ¢+ Thioral Thioral
Dose (9PC/1g) 5 1.5 1.5 § 3.5 .5 § .5 1.5
Quantite (gbC/Hal 25 bE) M) 15 25 25 15 35 35
Quantite(sachet/8a) 1 l l ! 1 1 1 1 1

Kiebe Prodeit somaercial: Thioral Thioral thioral
Dose (;2C/ngl 1.% .8 1.5
Quantite (gPC/Ha) M 0 0
Quantiteisachet/Ga) 1 1 1

Bograis:

Phosphate d'amoniaque (Xg/da) 50 50 35
Uree (kg/da en localise) 15

Traitenents phytosanitaires sur oiebe:

3 traiteseats au Decis (L/Ba) 1 1 1

Traitemeat des stocks de niede:

Phostoxin {1 comp./100kq) ] 1 1
Sac plastique (1 sac/100kg) 1

Appareil pulverisateur 115 115 11

ateriel agricole Charrue?d Houe as. Daba Boue as.  Houe as. Daba Boue a3,  Houe as. Daba

Traction agiaale 1 bosufs 1 age 1 age 1 ane 1 ane 1 e

Eotretien de 1'ittelage:

Fage de niebe (kg sec/d wois) 3300 §00 300 §00 800 400

Yaig d'oeuvre (bomme jour/Ha):

Preparation dy sol [ 1.0 2.0 8.0 2.0 1.0 1 1.0 1.0
Fertilisatica {phosphate) 1.0 1.4 1.0

Seais du ml 3.0 1.0 3.4 3.0 3.0 3.0 3.0 3.0 3.0
Senis du oiebe 1.0 1.0 1.9 .9 1.0 1.0 1.0 1.0 1.0
ler sarclage 6.0 10.0 15.0 8.0 8.0 a0 8.9 6.0 18.0
Fertilisation iuree) 1.0

lene sarclage 6.0 10.0 16.0 8.0 1.0 1.0 6.0 6.0 12,0
ler traft. phytosanitatre 1.0 1.0 1.0

deme trait, phytosanitaire 1.0 1.9 1.0

Recalte du ail 18.0 1.5 1.0 8.5 6.5 6.0 6.0 5.0 .5
Kecolte du niebe 6.0 2.0 1.0 5.0 .5 1.5 5.0 1.0 1.0
Traosport et stocrage 5.0 3.5 1.0 .0 3.0 1.0 1.0 1.5 6.0

Total saio d'oeuvre (bomme jour/Ha) 6.0 19.9 4.0 .5 .0 1.5 38 1.8 8.5

Gaio de saio d'oeuvre (bomme jour/fa)(2) 18 5 10 1.5 12.5 iU

Gaio de nain d'oeuvre (honme jour/fal(3} -1 -1.§ -1.5

Tendenent (kg/fa):

¥il grains 100 550 500 850 o 100 100 15 150
Niebe jrains 140 {8 {0 160 H 50 110 i i
Fane de ojebe 100 500 500 100 500 500 )00 100 100

Galo Je fumier i1/ boeufs/an/da) 1.5

Gain de poids vit (kg/2 boeuts/an/fa) p{|]

(1} Aneliore: paquet techoologique a develupper par la recherche systese.

Traditionel aseliore: paquet techoologique actuellement utilise par la plupart des praducteurs equipes.
Traditionel: paquet techoologique actuellemeat wtilise par la plupart des producteurs oon equipes.
Vis-a-vis de la techuologie traditionnelle. 13} Vis-a-vis de la techsolooie traditionselle welioree,

[
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TABLEAU F.2; COMPOSANTES DBS PAQUE?S TECENOLOGIQUES °ASSOLEMENT MIL-NIEBE® SELON LBS ZOMES AGROCLIMATIQUES.

Superficie mil et giebe{Ba):  0.75 0.25 (I}

1018: Hil CENTRE/PLATEBAU
CULTURE PURE : ML NIRBE KL NIBBE
Varietes [ 14 Goron-Goros 149 Goroa-Goron
Densite (poquets/dal 15625 11250 15629 115
Quantite de semences (kj/Hal H 9 5 ]
Traitenent des semences:

Produit commercial APRON ¢+ Thioral APRON + Thioral

Dose {gPC/Yq) 1.5 5 1.5

Quantite {gPC/fa) bi) 62.5 15 2.5

Quantite (sachet/2a) 1 b} 1 )
Eaqrais:

PNT {kg/H4) 300 10

Phosphate super siaple (kg/fa) 65 65
Traitenents phytosanitaires sur oiebe:

1 traiteaeats au Decis {L/Ba) 1 1
Traiteaest des stocks de aiebe:

Phostozin (1 comp./100kq) b §

Sac plastique (1 sac/100kg) b §
Appareil pulverisateur T18 115
Nateriel agricole CharrueTM Charrue?¥ Houe as. Houe as.
Tractiog enimale 1 boeufs 1 boeufs { age 1 age
Bacretiea de 1l'attelage:

Fage de giebe (kg sec/d mois) 1300 1300 800 800
Naio d'oeuvre {homae jour/Bal:

Preparation du sol .0 5.0 6.0 1.0

Fertilisation 1.0 1.0 1.0 1.0

Senis 1.0 1.0 1.0 1.0

ler sarclige 6.0 5.0 4.0 1.0

lene sarclage 6.0 {0 1.0 6.0

ler trait. phytosapitaire 1.0 1.0

Jese trait. phytosanitaire 1.0 1.0

Recolte 10.0 0.0 8.5 0.0

Tragsport 2t stockage {.0 15.0 1.0 15.0
Total aain d'oeuvre (hoame jour/Ha) .0 5¢.0 1.5 60.0
Gaio maio d'oeuvre (homme jour/Hali2)  30.0 10.0 20.0 -1.9
Gain maia d'oeuvre (houae jour/Ha)(3) 5.0 -15.0 -5 -26.0
Readenent (kg/Ha):

Hil graios 100 600

Iiabe graios 600 500

Fage de niebe 500 {00
Gaio de fumier {3/2 boaufs/an) 6 6 6 b
Gain de funier (7/2 boeufs/az/Ra) 1.5 1.§ 1.5 1.5
Gaig de poids vif (kg/2 boeufs/an) ) 1] 10 1
Gain de poids vif (kg/1 boeufs/aa/Ba) 0 10 10 i}

HoRD
ML NIEBE
18Y 3001 Goroa-Garoa
10000 11250
H It
ARRON ¢ thioral
5 1.5
15 6.5
1 )
1.5
1
{
{
115

Houe s, Boue as.
1 age 1 ape
800 800
1.0 1.0
1.0
.0 3.0
6.0 1.0
6.0 6.0
1.0
1.0
6.0 17.0
1.0 13.0
1.0 9.0
1.5 -0.5
1.8 .5

150
{00
100
6 6
1.5 1.9
10 80
0 10

i1), L'assolenent precoaise est une sole de 0.75 Ba 4e culture pure de wil et une sole de 0.25 Ba de culture pure de niebe.
{2) Vis-a-vis de 1'association mil-niebe avec la techoologie traditionnelle.
{3} Vis-a-vis de l'association ail-niebe aver 1a techoologie traditiosnelle aselioree.

707
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TABLEAT F.3: CORPOSLNTES DES PAQUETS TECENOLOGIQUES *ROTATION ARACEIDE-NIL-MRACEIDE® POUR LE SENC CENTRE ET LE PLATEAU.

TYPE DE 10TATION: ARMCEIDE  NIL  ARACEIDE  ARACEIDE WIL  ARACEIDE ML KIL NIL NIL KIL ML
STADE TECENOLOGIQUE: AVEC PI? SAIS PN? TRACITIONNEL AMELIORE TEADITIONNEL
Varietes: 41-10  Locale 47-10 47-10  Locale {71-10 Locale Locale Locale Locale Locale Locale
Densite (poquets/Ha): 1529 15628 10660 10000 10000 10000 loooe 10040
Quaniite de senences (kg/Ba}: 100 10 100 100 10 160 10 10 10 10 10 10
Traitemert des semecces au Thicral:

Dcse {gPC/ig) 1 1.5 2 2 2.8 2 2.5 1.5 2.5 1.5 2.5 2.5

Quantite (gPC/Ha) 00 25 200 200 25 200 28 25 28 28 28 28

Quactite (sacket/Bal 1 1 ] 1 1 1 1
Epgrais:

Phospbate de Tilemsi (kg/Ea} 00
Traitenent des stocks 4'aracbides a 1'Actellic:

Dose (gPC/Yg) 5¢ 56 50 50

Quactite (gEC/Ba! N6 170 285 130

Quactite fsachet/Eal ] 2 ] 1
Nateriel agriccle Bcue as.Bcve as. Boue as.  Boue as.Boue as. Boue as. Houe 2s. Houe as. Houe as.
Tractict animale 1 age 1 ane | age 1 ape 1 age 1 age 1 age 1 ape 1 ane
Entretien de 1'attelage:

Fane de piebelkg sec/d nais) 10¢ 8ep 800 800 800 800 80e 800 800

Naip d'oceuvre (homme jour/Ee):

Preparatior dy scl 1.0 2.6 1.0 1.0 2.0 8.0 6.0 2.0 2.0 6.0 2.0 3.0
Fertilisatice 2.0
Deccrticage des seaences 5.0 8.0 8.0 8.0
Seais £.¢ 3.0 6.0 6.0 1.0 £.0 .0 1.0 3.0 3.0 kR 3¢
ler sarclege 5.0 1.0 8.0 5.0 8.0 8.0 E.C 5.0 5.0 2.0 2.0 2.0
leze sarclaze 6.0 8.0 6.0 6.0 5.0 £.0 8.0 8.0 8.0 1.0 14.0 .0
Recclte 25.0 1.0 1.0 2.0 1.6 10.0 8.0 6.0 8.0 6.0 6.0 £.0
Tracspert et stockage 1.0 {0 2.0 3.0 1.0 2.0 2.0 2.0 2.0 2.0 2.0 .0
Total mais d'cevvre (b.§./8a) 66.0 3.0 52.0 61.0 3.0 .0 . 29.0 29.0 53.0 5.0 45.0
Gain maiz d'oeuvre (h.j./Bal{l) -11.0 .o -l -5.0 18.0 1.0 0.0 26.0 20.0
Gain wain d'oeuvre (h.j./Ea){21 -33.0 -6.0  -2).0 -21.0 -0 -18.¢
Rerdenent (kg/Ea):
Nil grains §&0 {80 {10 420 350 410 420 350
Arachide graines 82¢ ue 530 &0
Faze d'arackide 0.8 {5¢ m [} 208

1) ¥is-a-vis de la rotatior triennmale mil-sil-ail avec la technclogie traditionnelle.
{2) Vis-a-vis de 1a rotation trieorale nil-ail-nil avec la techoologie traditiczeelle anelioree (equipee).

€-4d
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ANRZIE F.

TABLEAD 7.d: CONPOSANTRS DES BAQUEYS TRCERCLOSIQUES "RCTATION ARACEIDE-M1L-ARACBIDE® POUE LE SENO SUD.

TYFE DR ROTATION: ARACEIDE  KIL  ARACHIDE

CTADR TRCENOLOGIQUE:

Varietes: {1-10

Densite (pogaets/Ma):

Quantite de sesences {(kg/Ba): 160

Traitenert des semences au Thicral:
Dose {gBC/kg) 1
Quantite {gPC/Ba} 168
Quantite (sacket/Ha)

Ingrais:
Phosphate de Yileasi (kg/Ea! 300

Traitement des stocks d'arachides a I'
Dese {(gPC/kg) 14
Quaztite (gBC/Ba) 188
Quantite (sachet/Ha) 3

Nateriel agriccle Haue as

Tractict avimale 1 ace

Eotreties de 1'attelage:

Fape de piebellg sec/d acis) L1

Nain d'ceuvre (bomme jour/Ba):

Preparatics du scl §.0
Pertilisaticn 2L
Deccrticage des semences 1.0
Senis 6.0
ler sarclage 1.0
leme sarclage 6.0
Becclte .0
Transport et stockage 3.0
Total maio d'ceuvre (b.j./Ea) £5.0
Gaic main d'oecvre (E.j./Eadil) -10.0
Gain maig d'oeuvre {5.j./Eal(2) -30.0

Rendenent {kg/Ma}:

Mil grains
Arachide grairnes 576
Page d'arachide 0.8 45¢

ML KL KIL
TRADITIONEEL

ARACEIDE  MIL  ARACEIDE MIL ML KIL
LVEC FIT SMIS PIT TRADITIONNEL AMELIORE
Locale  {7-10 41-10  Locale 41-10 Locale Locale Locale
15628 15629 10600 16060 1000¢
1¢ 100 100 10 100 10 10 10
2.5 1 1.5 2 2.8 1.5 2.5
bl 200 206 38 200 8 15 2%
1 L} H 1 1 1
Astellic:
L 50 50
115 15 130
1 1 1
.Boue as. Houe as. Houe as.Boue as. Eoue a;.  EHoue as. Houe as. Houe as.
1 ase ] ane 1 ae 1 aze 1 ane 1 aze 1ase 1 ane
goc §00 30c L 800 800 800 800
1.0 1.0 §.0 1.0 8.0 6.0 2.0 1.0
8.0 1.C 8.0
3.0 £.0 6.0 3.0 6.0 1.0 3.0 3.0
§.0 $.0 $.0 1. 8.0 1.0 1.0 5.0
1.0 £.0 £.0 k.0 £.0 6.0 8.0 8.0
1c.¢ 10.0 1.0 8.0 10.0 i.e 1.0 3.0
{.0 3.0 3.0 {.0 1.0 2.0 1.0 1.0
5.0 .0 57.0 330 8.0 35.0 36.0 25.0
15.0 -3¢ -2.0 1.0 -3.0 1.0 0.0 0.0
-5.0 -23.0 -12.0 -3 -3¢
11 700 0 530 160
130 (B3 180
184 3 208

Locale Lecale Locale
10600 10000 10000

10 10 10
3.5 1.5 .5
i 5 3
1 1 1

6.0 2.0 3.0

— -

e 00 e b L
— .
— .0

oo oo oo
[y R PR S )

L="J R R - Ay
oo o0 o oo
omo oo o

wn

120 530 160

(1) Vis-a-vis de la rotaticc triempale mil-nil-ail avec la techoologie traditiconelle.
{2) Vis-2-vis de la rotaticn triemnale ail-nil-ail ave: la technologie traditionselle amelioree (equipee).
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TABLEAV 7.5: COMPOSANTES DU PAQUET TECENOLOGIQUE DB LA CULTURE DB SESAME SELON LES IONRS AGROCLINATIQUES.

10KE: SUD CENTRE/PLATEAL NORD
STADE TECBROLOGIQUS: SESANE ¥IL(2leme annee) SESANE ¥IL{leae anpee} SESANE NIL(lewe anpeel
AMELIORE TRAD.AX. TRADITIOENEL ANBLIORE TRAD.AN. TRADI?IONKEL ANELIGRE TRAD.AN. TRADITIONAEL
Varietes: 3-1-7 Locale lLacale 38-1-1 Llocale Locale J-1-7  Locale Locale
Densite (poquets/Bal: 166500 10000 10000 165500 10000 10000 165500 10000 10000
Juantite d2 semences ikg/Ha): 10 10 10 10 I ) 10 10 10
Traitenent de semences de ail au Thioral:
Dise {3pC/ig) He HY | a3 1.3 1.5 1.5
Quantite (gPC/Ba) 15 15 15 15 % 15
Quantite (sachet/Hal 1 1 1 1 1 1
Engrais:
Phospbate super simple (kg/Ha} (1] 65 1.5
Nateriel agricole Boue as Houe as. Daba Boue as Houe as. Daba Boue as, Boue as. Daba
Traction agimle 1 age 1 age 1 age ] ape 1 aoe 1 ape
Batretien de 1'attelage:
Fane de a1ebe (kg sec/d wois) 100 100 $00 §00 800 100

Nain d'oeurre (homme jour/Ha):

Preparatios du sol 2.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Fertilisation au phosphate 1.0 1.0 1.0
Seals 6.0 3.0 32 8.0 1 3.0 8.9 3.0 1.0
ler sarclage 10.0 .0 2.0 8.0 3.0 1.6 8.0 6.0 18.0
cene sarclage 10.0 8.0 14.90 L 8.0 1.0 6.0 8.0 12.0
Recalte 10.0 1.0 1.0 10.0 6.0 6.0 L] 5.0 5.0
Tragsport et stockage 10.0 1.0 1.0 8.0 1.0 1.0 6.0 1.5 1.5
Total aain d'oeuvre (homme jour/Eal 3.0 30.0 50.0 3.0 19.) 9.0 5.0 3.5 .5
Gein de maip d'veuvre (boase jour/Ba) 1.9 0.9 6.0 0.9 6.5 1.0
Gain de saio d'ceuvre (homme jour/Bal -19.0 -1.0 -11.§
tendensnt (Lg/Ba):
il grains 530 530 {20 {20 300 J00
Sesans 600 150 300

{1} Vis-a-vis de la deuriene culture de ail de la rotation mil-mil-ail avec la techuologie traditiozoelie.
(3) ¥is-a-vis de Lo deuziene culture de il de la rotation wil-ail-nil avec la techoologie traditiosaelle aaelioree jequipeel.
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ANNEXB G: BUDGETS PINMCIERS DES PAQUBTS TRCENOLOGIQUES.

TABLEAU G.1: 3UDGETS FINKANCIERS DE L'ASSOCIATION MIL-MIE3K AMELIORZZ BT TRADITIONKELLE PAR 20ME (PCFA/BA/AN).

i |4 sUD CENTRE/PLATEAU NORD
STADE TECHNOLOGIQUE (1): ANELIORE TRAD.AN. TRADITIONHEL  AMELIORE TRAD.AN. TRADITIONNEL  AMELIORE TRAC.AN. TRAGITICGWNEL
3EREFICE BRUT (FCPA/Ba):
il 40000 16500 15000 19003 7830 16300 15000 13750 12530
liebe 13000 ] NI 17630 145C 3830 14400 3600 :
fage de niete {800 8900 8000 8033 7800 100 1600 830 {880
sain de poids vif {000
funier 1900
Begefice brut 68300 25200 23400 32600 23980 27000 16000 22180 20500
Gain de maln d'seuvre 8 () 8396 I8 {506 10538 431 3388
Zain de main d'oeuvee ¢ (3) =12 -8295 4501
Benefica brut total (2) 586 IS 87106 19518 50973 J050S
Benefice brut total {3 85058 54308 1415
LUGNENTATION DO BEXEPICE T0TAL 8RUT (PCRA/HA):
i) 51196 13545 0108 13538 J041) 10005
ol 13858 28185 19269
COUTS VARIABLES (PCPA/BA):
Sesences: Kil WS 500 500 s 550 550 S 600 EhD]
Nieve 1600 150 {50 1690 {40 4o 1500 540 540
Trait, soaences: Fongicide sur wil J00 3 3 300 8] 3 00 6) 3}
Fengicide s/niebe 6) 83 3
Pertilisation: Phosphate 3500 500 1250
Uree 1060 ] 0
Trait. phytosanitaire an Decis SRN b e Mo
Trait. des stocks: Phostoxin 100 100 200
Sac 1000 1000 500
Cauts variables totaux 19948 1013 1613 15948 109) 109) 10998 1303 1203
CHARGES ANMUELLES (FCPA/BL/AN):
Apparell 115 112 0 1 b} 1412 0
Materiel agricole 30938 118 1% N5 115 i
ittelage 13708 1382 4190 4180 1152 1352
(barges appuelles totales 15311 8127 " 1313 1539 8137
COUTS VAR.&CHARGES ANNUBLLESIBCPA/BA/AN) 15166 1140 11 U HE 1093 18507 10 1203
AUGKENTATION DES COUTS VARIABLES ©T CBARGES ANNUELLES (FCFA/HA/AN):
{al H1S) 8127 i 3565 1M 817
13 3802¢ 19is? 11207
2ENUBERATION DF LA JOURUEE DB MAIN D'OEUVAR (PCFA/HQMNE JCURL):
818 163 150 386 814 {51 H1 839 198
AUGMEXTATICN DR LA RENUNERATION OB LA JOURNEE DE NAIN D'OEUVRE (FCFA/HONME JOUR):
i) 104 11} N 164 184 1
3 55 81 o
BENBFICE NBY (PCFA/EL): 18060 1234 10812 15907 1820 1919
{h 9431 36805 2181 UK M DS
BE 2919) 19980 1148)
AUGMENTATION DU BENEFICE NET (FCFA/HA):
ol 17044 i ETHE] §87) 16 N
Sr 1183) 084 3063

i1) Aseliore: paquet technologijue a Jevelopper par la recierche systene,
Traditionel ameliore: paquet technologique actuellement utilise par la plupart des praducteurs equijes.
Traditionel: paquet techcalogique actuellement utilise par la plupart des praducteurs aan equiges.

(3 Vis-a-vis de la techoologie traditionzelle. {J) Vis-a-vis e la techoologic tralizicnnelle amelicree.

+ Le jain de main d4'ceuvre est le produit du nombre de jaurs jejnes par le paguet felliilciiise Muitiplie par e cout $ropparnuaite de la
waio d'oeuvre detersine par la tecamologie traditicoelle cu le techealsjie traditiznelle aaeiicree selon le cas. (e qaln de aain
d'ceurre est ajoute au henefice brut pour obtentr le bemefice brut totel.
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TARLZAY G.2: BUDGETS PINANCIERS DE L'AfSOLEMENT MIL-NIEBE

SELON LES 20XES AGROCLINATIQUBS(FCFA/HA/AN).

Superficie sil et niebelHal:  0.75 0.25 (1)
10ME: SaD CENTRE/PLATEAU XORD
CILTURE PURE : ML BIEBE ML NIEBE NIL ¥IEBE
BEREFICE BRUY {FCPA/Bal:
¥il 10000 16000 2500
liebe 60¢00 55000 18000
7ape de niebe 090 6000 3600
Gain de poids vif 1000 1600 5000 5000 1000 1000
Funier 1500 1500 2259 2250 1500 1500
Benefice brut de 1'assolement nil-niebe 52000 13500 18775
Gain de main d'oeuvre ¢ (2} 10484 3498 3011 -1126 4350 -199
Gain de main d'oeuvra ¢ (3} 118 -6946 -1151 -15476 1347 -11547
Berefice brut total (1) 55994 14998 52261 871 19150 53901
Jenefice brut tatel {3) 17415 B455¢ #1089 521U M 45513
Bex. brut total de assolement wil miebel{2) 60745 5391 13138
Ben. brut total d» assolement mil-piebe(d) 52000 (3893 34889
AUGXEKTATION DU REREFICE BRLT TOYAL PQUR L'ASSOLEZMENT NIL-NIBBB(FCFA/HA}:
i) TS 191 23238
i3 26800 IVETR] 12129
COUTS VARIABLES {FCPA/HL):
Semences S 5000 HS 5000 s 5000
Traitemest des semenzes 300 149 300 149 00 189
Pertilisation auy phospoate super sizple 4550 1550 215
Trait. phytosanicaire au Decis 13090 13090 13080
Trait. des stocks: Phostoxin 1230 1000 400
Sac plastique 3000 2500 2000
Couts variables totaux 845 17029 645 16129 645 23354
CHARGES ANRUBLLES {FCFA/EL/AN):
Fertilica ion au PKY i m 0
Appateil T 1§ un un un
Materiel agricole J098 3086 2175 175 118 775
inimaux de crait 19708 10708 1190 {190 1382 18
Charjes annuelles totales 17518 15218 10671 8in 6127 7539
CLUTS YARIABLAS BT CHARGES ANNUBLLES (FCFA/HA/AR):
Culture pure 18163 121147 11322 34708 1M 19
Assolesent nil- iebe i 17168 12802
AUCKENTATION DES COUTS VARIABLBS ET CHARGES ANNUELLES POUR L'ASSOLEMENT NIL-NIEBE FCEA/BA/AN):
() aM 18075 11599
(3 1764 3110 54N
RENUNERATION DE L JOURNEE DE MAIN D'OEOVRE POUR L'ASSOLEMENT XIL-NIEBB(FCFA/40LNE JOUR):
m 150 m
AUGMENTATION DR LA REMUNBRATICN DE LA JOURNEE D% MAIN D'ORUYRE {PCPA/BONMB JOUR):
() 163 199 115
B! 250 13§ i
BRNERICE NET (PCPA/BA):
(2 Jg561 30809 10936
(3) 76 16125 12087
AUGNENTATION DU BENEFICE NBT (#CPA/BA):
{21 I 12902 11639
th 9756 SN 1267

{1} L'assolemeat preconise est une sole de 0.75 Ha de culture pure de nil et une sole de 0.25 Ha de culture pure de niebe.

{2) Vis-a-vis de 1'association ail-uiebe avec la technologie traditionnelle.
(3} vis-a-vis de 1'association mil-niebe avec la technologie traditionnelle anelioree.

* Le qain de main d'oeuvre est lo produit du nombre de jours gagnes par le paquet techoologique mvl'iplie par le cout d'opportusite

de la »ain d'oeuvre deteraine par la technelogie traditionaelle ou la tecknologie traditionnelle traditionnelle selon le cas,

Ce gain de main d'oeuvre est ajoute au benefice brut pour obtenir le benefice brut total.
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TABLEAU G.3: BUDGETS PINANCIBRS DB LA ROTATION ARACEIDE-NIL-ARACEIDE POUR LE SERO CENTRE 2T LE PLATEAU (FCPA/BA/AN).

G-3

TYPE DE ROTATION: ARACEIDE  MIL  ARACHIDE  ARACRIDE  NIL
STADE TECENQLOGIQUE: AVEC PNT SANS PN
SEMEFICE BRUT ANRUBL (PCFA/Ha):

¥il grains 57600 28300

Arachide graines 100 18760 2515

Fane d'arachide Hi0 1080 6380

enefice brut 411540 97600 22780 15510 33800

Gain de aain d'oeuvre 1) -3360 625 <915 =135 5946

Gain Je main d'oeuvre (2} 8177 1908 -831) -1 <636

esefics orut total (1) J1680 82229 21865 IS MU

Beaefice brut total (2) 32768 55692 16497 28087 28184
AUGNENTATION DU BRNEFICE BROT (FCPA/Ha):

Noyeone sur J ans {l) 3 12269

Noyeane sur ) ans {2) Hm 22809
COUTS VARIABLES ANNURLS (PCFA/BA):

senences 1000 630 3000 8000 690

Traiteneat des semences S 63 504 504 83

Trait. Aetellic des stocks 660 0 {0 660 0

total 9164 193 8 3184 193
CHARGES ANNUBLLBS (FCPA/BA/ANI:

Nateriel agricole 15 ms 0 s ms

Lttelage 1190 4190 4190 {190 4190

Fertilisation am PIT m m o

Total 10677 10677  106T7 6965 §965
COUTS VARIABLBS ET CHARGRS ANNUBLLES [PCPA/BA/AN):

lonye] 19841 1130 19621 16128 ms

Noyeane sur J ans 16964 nn
LUGKENTATION DBS COUTS YARIABLES BY CHARGES ANNORLLES (PCPL/EA/AN):

Noyenne sur J ans {1) 16318 12512

Noyeoae sur J ans (2} 9353 5557
RENOXERATION DB LA JGURNEE DE NAIX D'OEUVRE (FCPA/HOMNE JOUR):

loouelle 19 1319 61 n 10}
BEMEFICE NRT (PCFA/EL) (1}:

loouel 17838 50795 2u 17006 27028

Noyepne sur J ans 13626 15387
BENEFICE NET (FCPA/BA) (2):

loagel 12827 W81 -)1ed 11938 20048

¥oyenne sur ) aas 18008 3611
AUGHBNTATION DU DENEFICE NBT (FCrA/HA):

Noyenne sur ) aos (1) 8006 -84

Noyenne sur J aes (2} 9353 975

ARLCHIDE NIL XIL

MIL

TRADITIONNEL ANELIORE

16400 18800
14300
3120
1120 10400 15300
195 3933 5607
=510
11735 R I
12197 16430 16800
814
8000 800 550
HY 8) 83
120 b} 0
U 663 613
15 a1 15
{150 {150 {150
§965 6385 6965
156483 1628 N
1611
8968
36 266 Y
036 10 15829
14869
=492 im 1N
4655
=781

15600
15600
8097

169
15600

800

663

5

{190

6965

1628

75

14089

1M

XIL NIL
TRADITIONNEL

16400 16800
16400 16800
16400 16300
600 550
8] 6}
0 0
86) 613
66) 613
646
M 130
151 16
15620

¥IL

15600

15500

15800

600
6]

66)

66)

SH

ITERY

{1) Vis-a-vis de la rotation triennale ail-mil-nil avec la technologie traditionmelle.

(2) Vis-a-vis de la rotation triennale ail-nil-ail avec la techaologie traditiomnelle amelioree (equipee).
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TABLEAU G.d: BUDGEYS PINANCIERS DB LA ROTATION ARACHIDE-NIL-ARACHIOB POUR LB SEXO SUD (FCPA/BA/AN),

G-4

TYPE DE ROTATION: ARACHIDE  MIL  ARACHIDE  MRACHIDE  MIL  ARACHIDS NIL NIL NIL 141 NIL NIl
STADE TECHEOLOGIQUB: LYEC PIT SANS PNT TRADITIONNEL AMELIORE TRADITIONNEL
SENEPICE BRUT ANKUEL (PCPA/Ha):
Nil grains 43000 15000 11600 15300 {800 11600 15900 4800
rachide graizes 28500 11500 11500 13000
Fane d'arachide 54N 1208 1128 136
Benefice brut 13 43000 13708 15628 35000 15496 21600 15500 1800 21600 15300 {800
Gain de main d'oeuvre (1) -3807 1601 =216 -161 5115 =316 7613 6135 1838
Gain de main d'oeuvre (2) =126%4 -1535 1831 -9309 -911 1831
denefice brut total (1) 30165 1601 1340 1867 40215 15220 19113 22035 6639 21600 15900 1800
Benefice bruc total (2) UMM 6 15539 18318 1018 117 11600 15900 {800
AOGKEXTATION DU BRMEPICE BRUT (FCFA/Ha):
Noyense sur J ans (1) 14133 10500 3028
¥oyenge sur 3 ans {2} 26094 22575
COUTS VARIABLES ANNUBLS (PCPA/BA}:
Semences 4000 690 8000 000 630 8000 600 500 600 600 500 600
Traitenent des semences 504 63 504 504 63 504 63 63 6] 81 63 6]
Traic, Actellic des stocks 660 0 220 Y] 0 120 0 0 0 0 0 0
Total 9164 153 8§14 LRI 783 8724 66 563 13} 663 563 66)
CEARGES ANNUBLLBS (FCPA/RA/AN}:
Nateriel agricole 2775 mMms ams 115 ms s 2775 s 05
ittelage 1382 3350 082 1152 3382 18 3182 3382 3382
ertilisation au PNT m ma
Total 8839 9839 9839 8127 6121 6127 6127 6127 6127
COUTS VARIABLES ET CHARGRS ANNUBLLES (FCFL/BA/AN):
lonuel 19003 10592  1856) 15071 6880 14851 6790 8690 6790 663 563 661
Noyenne sur 3 ans 1605) 12267 6757 630
AUGMENTATION DBS COOTS VARIABLES BT CHARGES ANNUBLLES {PCFA/EA/AN):
¥oyeane sur 3 ans (1) 15406 11621 6110
Noyeane sur 3 ans (2} til 1656
REMURERATION D2 LI JOURNEE DE MAIK D'OBUVRE (FCPA/HONNE JOUR):
Aonuelle 20 936 -101 185 852 13 {2 0 -§0 1) 07 §2
BENBFICE NBT (PCFA/EA) (1):
lanuel 11163 37008 -5131 9796 33335 189 W 155 -151 20931 1530 un
Hoyeane sur 3 ans 14347 14500 12539 13470
DRNEFICE NET (PCPA/BA) (2):
Annuel 215 081 - 148 27199 %6 14810 82110 -1990
¥oyenns sur ) ans 10041 10308 134]
AUGNENTATION DU DENEFICE NET {PCPA/HA):
Noyenne sur J ans (1) -1 -1121 -1081
Noyense sur J ans (2) 1346 1652
{1} Vis-a-vis de la rotaticn triennale uil-mil-nil avec la technologie traditiommelle.
{2) Tis-a-vis de la rotation triencals mil-nil-nil avec la technologie traditionnelle amelioree {equipee).
L4
41 {
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TABLEAU G.5: BUDGETS FINANCIERS DR Li CULTURE DE SESANE CONPARES A LA leme CULTURE DR LA ROTATION NIL-MIL-MIL SELON LES ZQNES
BCOCLINATIQUES (ECEA/HA/AN).

10ML: ' sUD CENYEE/PLATEAV §ORD
STADE TECENOLOGIQUE: SESANE NIL{lexe annee! SESANE NIL{2ene appee) SESANE KIL{2eae ancee
AMELIORE TRAD.AN. TEADITIONNEL AMBLIORE TRAD.AM. TRADITIONNBL AMELIORE TRAD.AN. TRADITIONNEL

BENERICE BRUT (FCPA/Ha):

Nil 15900 18900 16800 16300 15000 15000
Sesiae 42000 13750 21000
depefice brut 12000 15900 15900 31750 16300 16300 21000 15000 15000
Gain de main d'oeuvre (1} 307 6135 1982 6607 16 6218
Gain de main d'oeuvre (2} -583) LY -4018
Benefice brut total (1) 12307 22035 15900 15732 13407 16800 D26 28 15000
Benefice brut total {2) 36167 15300 29298 16800 16982 15000
AUGMENTATION DU BEXBFICE BRUT (PCPA/Ha):
{n 26407 6135 18932 5807 1246 6318
{2} 20267 12498 1982
C00TS VARIADLES ANNUBLS (PCPA/EA):
Senances: Kil 500 500 550 550 600 800
Sesane 1500 1500 1500
Traiteaent seaences de ail 0 63 8) 0 8) 3] 0 63 63
Pertilisation 4550 0 0 1550 0 0 1115 0 0
Couts variables totaux 6050 563 563 6050 613 8! s 663 663
CHARGBS ANBUBLLES (PCPA/BA/AN):
Materiel agricole 715 115 0 ms 375 0 ms 715 0
Atcelage 1182 352 0 {190 1190 0 1352 1382 0
Charges annuelles totales 6121 6127 0 6965 §965 0 8121 6121 0
COUTS VARIADLES BY CHARGES ANMOSLLRS (PCRA/BA/AN):
121N 6690 563 13015 1578 613 9902 6790 663
AUGNENTATION DRS COUTS VARIABLES BT CBARGES ANNUELLBS (FCEA/HA/MM):
n 11614 6127 12402 6365 9239 6127
2} 5487 5N iun
RENUNERATION DB LA JOURXEE DE MAIN D'QBUYRE (FCPA/BONME JOUR):
609 0 01 1 Ne 330 m 1T ] S
AUGNBNTATION DE LA REMUNERATION DS LA JOURMEE DE MAIM D'QEUVRE (FCFA/HOMMR JOUR):
Y] J02 0 152 -12 -1 {
{1) 302 164 -3
BEERFICE EEY (FCPA/EA):
(1 0130 184S 153N NT 1819 16187 I W N
{2 13990 9210 1628) 9122 1080 13210
LUGMEETATION DU BRNBFICE NET (PCPA/M):
Y 14793 8 6530 -358 -993 91
{2} 14780 1061 -1130

{1} Vis-a-vis de la deuxirae culture de nil de la rotation mil-nil-mil avec la technologie traditionmelle.
{2) Vis-a-vis de la denxitme culture de il de la rotation mil-nil-nil avec la technologie traditioszelle amelioree {equipeel.



ANNEIE H: BUDGETS ECONOMIQUES DRS PAQUETS TECENOLOGIQUES.

H-1

TA3LEAU B.1: BUDGETS ECONONIQUES DE L'ASSOCIATION NIL-NIKBE AMELIORER BT TRADITIOKNELLE PAR 20ME (FCPA/EA/ANI,

Ll

STADE PECENOLGGIQUE (1):

SEMEFIZE 3RUT (FCFA/Hal:
N1l
Niebe
Fane de niete
sain de poids vif
Fuaier
Genefice brut
Gain de main d'oeuvre » i2)
Gain de eain d'ceuvre ¢ ()
Beoefice bruc total {2)
denefice bruc total (1)
Benefice brut total {4}
AUGNRNTATION DU BBNEPICE BRUT (PCPA/EA):
()
i3}
COUTS VARIABLES (PCPA/EA):
Semences: dil
Niebe
Trait. semences: Pongicide sur mil
Poagicide s/niebe
fertilisation: Phosphate
Oree
Trait. phytosanitaire au Decis
Trait. des stocks: FPhostozin
Sac
Couts variables totauz
CBARGBS ANNUELLRS (PCRA/BA/AN):
Appareil 1 15
Nateriel agricole
Attelage
Charjes anguelles totales
COUTS VAR.GCHARGES ANMUBLLES(FCPA/BA/AN)
AUGNERTATION DES COUTS VARIABLES BT CHARGES
(2}
i3

REMUNERATION DB LA JOURNEE DB MALN D'QEUVRE (FCPA/HOMNE JOUR):

AUGNENTATION DB LA RENUNRRATIGN DE LA JODRMEE

(2
(3}
BRNEPICE NBY [PCRA/EA):
()
13
AUGNENTATION DU BENEFICE NET (FCPA/HA):
(2)
(31

sud

ANELIGRE TRAD.AM. TRADITIOMNEL

CEXTRE/PLATEAV
AKELIORE TRAD.AM. TRADITIONNEL

10000 16530 15300 33600
13000 100 2408 7680
4800 5030 $000 8300
4000
1560
68300 25200 23400 82500
6293 8740 503
=107 -7963
39 33940 61103
65193 563!
51193 10840 {4010}
39993 35681
il 500 500 i
1920 450 50 1920
8} 16 16 A[3]
18 1%
10292 10292
LI} 0
{528 {528
i 484
1211 0
UL 1026 1026 13078
2031 0 031
3594 an un
11882 3645 587
17507 6863 L
{1640 1889 1026 s
ANNUELLES (PCFA/BA/AN):
{061) 6363 6778
33750 19303
450 (1 350 1l
DE MALN D'QEUYRE {FCFA/HONNE JOUR):
230 H 11
136 141
11 N
31953 26081 39119
13553 810
10578 ¥n 13326
6243 8678

(1} Ameliare: paquet technologique a developper par la recherche systeme.

Traditionel ameliore: paquet technologique actuellement utilise par la plupart des producteurs equipes.
Traditionel: paquet technologique actuellement utilise par la plupart des producteurs non equipes.
{3} Vis-a-vis de la technologie traditioonelle amelioree.

{2} 7is-a-vis de ia technologie traditionmelle.

* Le gain de nain 4'oeuvre est le produit du noabre de jours gagnes par le paquet technologique multiplie par le cout d'opportunite de la

17830
1850
7500

8930
10583

39533

12533

530
{80

P

1106

un
{581
1
8881

L]

590
10

10069
0652

4158

18050
3800
1500

7000

550
{10
16

1106

1106

{50

15894

ANELIORE TRAD.AM. TRADITIONNEL

3063
1400
Js0d

10000

970
=349
30970
41651

Jodno
19501

Y]
1920
36
16
S48
0
{523
il

0
12680

1001
un
LT}
8894
11584

20388
13505

878

21
187

19386
10066

10102
5996

NORD

LT
36
1400

12150
8350

30500

10000

600
540
16

1116

un
3645
6863
§079

6363

1
14

140N
420

N

.....

600
540
18

1216

116

398

19284

nain d'oeuvre deternine par la techoologie traditionelle ou la technologie traditicnelle amelioree selon le cas. (e gain de main
d'oeuvre est ajoute au benefice brut pour cbtenir le benefice brut total.

. .}/ \“.
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ANNEXE B.
TASLEAU H.2: BUDGE?S ECONOMIQUES DB L'ASSOLBNENT MIL-NIEBE SELOX LES ZOMBS AGROCLINATIQUES(ECEA/HA/AN),
Superficie nil et aiebelHal:  0.75 0,25 (1}
ZCNE: SUD CENTRE/PLATEAY NORD
CULTURE PURE NIL N1EBE NIL NIZBE NIL NIEBE
BENEFICE 3RU? (FCFA/Bal:
Nil 10000 Jaddl 24500
N¥iebe 60000 55000 {3006
Fane de niebe 5000 8000 380
Gain de poids vif {000 1300 5000 5000 1000 1000
funier 1500 1500 2250 250 1500 1530
Benefice brut de 'assolement »il-ciebe 53000 15500 18778
Gain de nain d'oeuvre ¢ {2) 10436 H9s $047 -1128 53U -199
Gaio de main d'oeuvre * (3} 2219 -8658 -1088 -15341 1279 -11001
Beaefice brat total (2! 35944 14986 52151 87124 1934 55901
Beaefice brut total {3} 14 84842 {1184 52903 31279 16099
Ben. brut total de assolement mil-niebe{2)  §0740 55373 1
Ben. brut tocal de assolement ail-niebe{l) 52000 {1l 34984
AUGMENTATION DU BENBFICE BRUT (PCPA/HA};
] 110 2891 1313
(1) 26800 15164 1284
COUTS YARIABLES {FCFA/EA):
Semences [HY] 5000 38} 8000 {iu 6000
Traitenent des semences 363 1% 163 129 163 15
Pertilisation au phospbate super simple 5509 5509 1755
Trait. phytosanitaire au Decis 15849 15849 15849
Trait. des stocks: Phostoxin 453 1211 969
Sac plastique 1632 o0 U
Couts variables totaux m 1260 m 11825 m 18213
CBARGES ANNUELLRS (PCPA/BA/AN):
Fertilisation au PNT amn an 0
Appareil T 15 2031 2031 001
¥ateriel aqricole 1594 1594 nn nn nun nn
Attelage 11802 1882 1597 4557 1645 1645
Charges anpuelles totales 19848 17507 12146 9806 6883 1131
COUYS VARIABLES BT CRARGES ANMUBLLES (PCPA/HA/AN):
Culture pure 20625 50180 12923 {1601 1640 mn
Assoleaent ail-piebe {1 20100 15009
AUGMENTATION DES COUYS VARIABLES ET CHARGES AMMUELLES (FCFA/HA/AN:
12) 26987 39 13733
3] 20135 2 6930
REMUNERATION DE LA JOURNEE DR XAIN D'ORUVRE (FCPA/HONNE JOUR):
615 1045 1161
AUGNENTATION DB LA RBNUMBRATION DB LA JOURNEE OE MAIN D'OEUYRR (FCFA/HONME JuUR):
{2) 265 595 18]
{1 1 {55 849
BENBFICE NET (PCRA/BA):
{21 12126 35 U
13 23986 U 19975
AUGNENTATION DU BEMBFICE NET (FCPA/BA):
(1 10352 5980 9440
{3 6675 i 5904

(1) L'assolement preconise est une sole de 0.75 Ha de culture pure de ail et ume sole de 0.15 Ha de culture pure de niebe.

(2} Vis-a-vis de 1'association ail-niebe avec la technologie traditionnelle.

13) Vis-a-vis de 1'association nil-niebe avec 1a technologie traditionnelle amelioree.

t Le qain de main d'oeuvre est le produit du nombre de jours gagnes par le paquet technologique multiplie par le cout d'opportunite
de la nain d'oeuvre deteraine par la techoologie traditiosnelle ou la technolog: .raditiconelle traditionoelle selon le cas.
Ce gain de aain d'veuvre est ajoute au benefice brut pour obtenir le beoefice brut total.
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ANITIE 8.

TABGELU B.3: DUDGRTS BCONONIQUES DE LA ROTATION ARACBIDE-NIL-ARACHIDE POUR LE SENO CENTRE BT LE PLATEAY (PCPA/EA/AN).

TYPE Dk ROTATION: ARMCRIDE  MIL  ARACHIDE  ARACHIDE  NIL  ARACHIGE yIL NIl ML AL NIL AL
STADE TECHDOLOGIQUE: AVEC PNT SANS BT TRADITIONMEL ANBLIGRE TRADITICNNEL
BEMEFICE BROT AMRUSL (FCPA/Ha):
3il qrains 57600 28800 18400 16800 15600 16400 16800 19680
Arachide graiges ot 16700 19150 14360
Fage d"arachide 1440 1080 8360 1
Jecefize brut {1540 57600 22780 9510 8800 120 16406 led20 1500 16400 18800 15800
Gain de main d'oeuvre i1) 3868 621 -7 -1)81 5341 306 5992 8602 8112
Gain de main 4'oeuvre (1) <7985 -1 -9 -4787 <579 -
Besefice brut total (1) 671 6021 ) B MUY 1M W M anu 16400 15800 15690
Benefice brut total (2} 1S 5588 17070 U121 15400 16400 15600
AUGMENTATION DO BENBFICE 3R0T {PCPA/Ha):
Noyezae sur ) aas (1) )18 13265 6122
Yoyeane sur ) aas (2} 15491 18
COUTS VARIABLES ANNUELS (FCFA/HA):
Senences 9600 [ ¥} 9600 3600 128 3690 550 550 550 550 550 550
Traitement des senences 610 16 610 810 7% 610 16 % 16 16 1] 76
Trait, lctellic des stocks 199 (] §3) 199 0 11 b] 0 ] ] ] (]
Tatal 11009 040 1070) 11009 0 10m 626 626 $26 ] 626 626
CBARGES INNUBLLRS (PCPA/BA/AN):
Nateriel agricole nn nroooun un o oun 1 n1 nn
ittelage 1597 1557 1597 1557 551 4597 4557 4547 557
Fertilisation au PIT aun anooun ] ] 0 0 ] b}
Total 12146 1306 12146 1 e N 17U !
C00TS VARIABLES BY CHARGES ANNUBLLES (FCPA/HA/AN):
inouel 1DIS5 13050 22189 1870 8679 10251 101 3401 801 626 626 626
Hoyeane sur ) aos 19694 15234 ot 626
AUGMEXTATION OBS COUTS VARIABLES LT CHARGRS AENUELLES tFCIA/BA/AN)
Xoyesne sur J ans (1} 15052 14591 18
Moyeane sur J aos {2) 12087 1626
ZENONERATION DE LA JOURNEE DE MAIN D'GRUVRR (PCPA/HONNE JOUR):
iacuelle m 1M -1 M 18] -17 ¥ 290 1] 294 130 306
BENRPICE NET (FCRA/EA) (1):
ioouel 816 18171 -1026 WS 2606 -525 13952 15001 1311 199 1 1N
Xoyeane sur ) ans 20887 1333 1408 15640
ORNEFICE BRT (PCTA/EA) (D):
Aanye] NS 42812 -5819 9939 19542 -5548 1999 §399 199
Noyesae sur ) ans 15793 1978 1866
AUGNRNTATION DO BRERFICE NRT (FCPA/BA):
Noyeane sur J ans (1) 5267 1326 -1§3
Noyeane sur J ans (2) mn -6

{1} Vis-a-vis de 1a rotation trienoale mil-mil-nil avec 11 technologie traditionaelle.
13) Vis-a-vis de la rotation triesnale ail-mil-mil avee la technologie traditionaelle anelioree lequipee),
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ANRRIR B,

TABLEAU H.4: BUDGETS ECONONIQUES DS LA ROTATION ARACHIDE-NIL-ARACAIDE POUR LE SBNO SUD (FCPA/HA/AN).

TYPE DB ROTATION: ARLCEIDE  NIL  ARACHIDE  ARMCAIDE  NIL  ARACAIOR ML XL NIL L L NIL
STADE TECHNOLOGIQUE: AVEC PAT SANS PN? TRADITIONNEL AXBLIORE TRADITIONNEL
BENEFICE BRUT ANNUBL (PCPA/Ha):
¥il grains 43000 15000 11600 15900 4800 1600 15900 1100
krachide jraines 18500 11500 21500 13000
Faae d'arachide 54N 2208 1128 136
Depefice brut 33971 43000 13708 15628 35000 15494 1600 15900 1800 1600 15900 1800
Gain de main d'oeuvre {1} -1 59 -8 T 5210 -1 1645 8128 18
Gain de main d'oeuvre (3]  -11815  -1M7 1§ -866d -8 2775
Benefice brut total {1} JOI50 47591 10428 2864 (0210 15214 /US 22028 8N 600 15900 (LD}
Beaefice brut total {2) 2151 41653 1848) 16964 3192 1031 500 15900 1800
AUGMENTATION DO DREBPICE DROT (ZCFA/Ha):
Noyenne sur ) ags (1) A 10496 Jos1
Moyenne sur } ans (3} 26764 312
COUTS VARIABLBS ANNOELS (FCPA/BA):
Seaences 3600 3 3600 3600 828 9600 500 500 500 500 500 500
Traitenent des seaences 610 16 610 810 16 610 16 16 1% T8 16 16
Trait. letellic des stocks 199 0 266 533 0 268 ] 0 1] 0 0 0
Total 11008 S04 N 107143 04 14N 5§76 576 576 518 576 516
CEARGBS ANNORLLBS (FCEA/EA/AN):
Yateriel agricole SHT SLET 1] 584 /94 3594 L1T 53¢ 3594
Attelage 1845 645 3648 1645 B JedS jedb 1648 1645
Fertilisation au fN? an 0417 0 0 0 0 0 0
Total 11611 11611 11611 10 200 10 T340 1140 1240
COUTS VARIABLES BT CRARGES ANNOUBLLES (PCPA/EL/AN):
Annuel 22621 12516 22088 17943 S 1116 1816 1816 1116 516 516 576
Moyesne sur J ans 14079 14614 i 576
AUGMENTATION DES COUTS VARIABLES KT CBARGES AMNUBLLES (PCPA/EA/AN):
Moyenne sur ) ans (1) 18428 13964 1170
Noyenae sur J aos (3} 11463 700)
RENUNERATION DB LA JOURNEE DB NAIN D'OEUYRE (PCPA/HONNE JOUR):
Anouelle 175 -1 18] i -46 W 169 -121 b1} 306 )
BENRPICE NRT (PCRA/EA) (1):
Anouel 1519 35082 -8662 6481 32086 -2502 N e -1 WU 153U QU
Noyenne sar ) aas 11316 12148 11501 13514
DRNBPICE NRT (FCPA/EA} (2):
Aonuel 64 29131 -5605 -1019 26040 FH 1144 08 -3018
Moyenne sur J ags 1649 8528 884
AUGNENTATION DO BRNBFICK NET (FCPA/EL):
Noyenne sur J 4ns (1) -0 -3n -1
Noyeane sur J ans (2} -966 -1

{1} Vis-a-vis de la rotation triennale mil-mil-nil avec la technologi¢ traditionnelle.
{3} Vis=a-vis de la rotation triesmale all-pil-ail avec 1a techoologie traditionselle umelioree {equipee).
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TABLEAU B.5: DUDGBTS SCONONIQUES DE LA CULIURE DB SESAMB COMPARES A LA 2eme CULTURE D LA ROTATION MIL-NIL-NIL SELON LBS ZONES
BCOCLIMATIQUES (FCRA/EA/AN).

1088 sUD CEXTRE/PLATEAU H0RD
STADE TBCANOLOGIQUE: SESANE KIL{2exe 1npee) SESANR KIL{3ene annee} SESANE NIL{2eme aopee}
ABLIORE TRAD.AN. TRADITIONNEL AMBLICRE TRAD.AN. TRADITIONMBL AMSLIORE TRAD.AN. TRADITIONMEL

BENBPICE BRUT (FCPA/Ha):

1il 15900 13500 16300 18400 15000 15000
Sesane £0329 134N Joled
Beoefice brut 80339 15500 15900 8479 16300 16800 30164 150C0 15000
Gain de mais d'oeuvre (1) 106 6129 1930 6602 124 (7))
Ga1g de main d'oeuvre (3] -5359 -405% 3651
besefice brut total (1) 80635 23039 15900 50459 102 18300 M08 1213 15000
Benefice brut total (2} 54970 15900 W 16800 16513 15000
AUGNENTATION DU BENEFICE BRUT (PCFA/Ha):
(1} 18 6129 313859 6602 17408 6213
{2 39070 762 11513
COUTS VARIABLES LNRUELS (FCPA/BA):
Semencas: Ail 500 500 55 550 600 600
Sesans 13¢0 1808 1800
Traiteaent seaences de ail b} 16 1 b} H3 1 0 16 1%
Tertilisation 5549 0 0 5509 0 0 1755 0 0
Couts variables totaur 1309 576 576 1309 11 626 4555 676 676
CHARGBS ANNUBLLES (PCFA/BA/AL):
Nateriel agricole nun nn 0 un nn 0 un un 0
Atrelage J645 1844 0 4557 1557 b} 1645 1645 0
Cbarges acnuelles totales 6063 6863 0 1 1 0 6863 6863 0
COUTS "ARIABLES BY CBARGBS AMNUEZLLES (PCYA/HA/AN):
m i 576 15083 8401 626 1N 1539 676
AUGNBETATION DES COUTS VARIABLES BY CBARGES ANNUELLES (FCFA/BA/AN):
(1 13596 886) ISTHY m 10141 6863
12) 67)) 668) nn
RENUNERATION D& LA JGURMEE DB MAIN D'QBUYRE (PCFA/HONNE JOUR):
42 12 106 m 190 130 536 mn iTH
AUGKENTATION 08 LA REXUNERATION DB LA JCUREES OB NAIN D'OBUVRE {FCFA/HOXNE JOUR):
i1 313 - 1y -{0 190 -8
(] 660 o 8
SENEYICE NPT (PCPA/HA):
] {6463 14850 1S3 15376 15001 161N 20990 13610 13U
(2) 10798 3461 2910 1199 15096 sl
A0GXENTATION DU BEXBPICR 8% (PCPA/EA):
(n ) e -1 19200 -111) b6o7 <650
(2) 1IN 20941 1635

(1} Vis-a-vis de la deuzieme culture de ail de la rotation mil-mil-ail avec la techaologie traditionnelle.
(2) Vis-a-vis de la deurieme culture de il de la rotation wil-mil-nil avec la technologie traditiosnelle amelioree {equipee).
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ARNEXE I: ANALYSE DE SENSIBILITE DES PAQUETS TECHEROLOGIQUES.

TABLEAV I.i: AKALYSE DE SENSIBILITE DU TAUX NARGINAL DE RENTABILITE DES PAQUETS TECENOLOGIQUES EN
VARIANT LES PRIT QU LES RENDENENTS ET EN VARIANT LES CCUTS DES INTRANTS POUR LA ZONE N:'R

PEIEL QU KENDENENT

FAGUET TECERJLIGIQUE (1} -50% -2 -10% 0% +10% +20% +50%
A} EXPLOITATIOR NOK EQUIPEE:
Asscciation N-N amelioree Dozine  Domine 11 6 {1 56 101
Assolenent X-K ameliore 17 99 11 142 163 184 248
Association N-N trad. amelioree  Domipe {0 52 63 14 83 108

Assaciation N-X traditionpelle

B! EXPLOITATION EQUIPEE:

kssociation X-§ amelicree Donine  Domine I 14 26 39 16
Assolersnt N-K arelicre 3 54 113 133 152 172 0
hssociaticn M-N trad. aselioree
LUTE
PAQUET TECENO QUE 1! =504 -20% -10% (Y +13% N 150y
A) EXFLOITATION RCK EQUIPEE:
Associaticn ¥-N amelioree 150 57 40 26 15 & Dokine
Ascolerent ¥-B ameliore 382 202 169 142 120 102 62
Associaticn N-N trad. amelioree 235 16¢ 82 63 48 X 6
Asscziaticn ¥-K traéiticopelle
B) EXPLCITATION EQUIPEE:
Asccsiation %-K srzlioree 105 3 i 1 ¢ Dorine Degine
Assalexent M-N amelicre IS 187 197 133 113 §7 61

Lssaciarticn N-X trad, apelioree

(1) M-X: Xil-Kiebe



TABLEAU 1.2: ANALYSE DE SEASIBILITE DU TAUX MARGINAL UE RENTABILITE DRS PAQUETS TECENOLOGIQUES EN VARIART

I-2

LES PRIX QU LES RENDEMB¥?S BT £X VARIANT LES COUTS DES INTRANTS POUR LES 20WES CENTRE BT PLATEAY.
PRIX QU RENDENENT

-10%

-
t

65

&9

N

Doaine
Doaice

i

Doaine

191

9
Donire

it

143

0%

{5

Donine
Doaize

5]

Doaine

{5
1]

1l
13

Donige
Domine

5)
Donine

{5

93

18

130

+10% +20% +50%
N 9] 148
9¢ 111 157
90 100 125
250 182 m
§ 12 )
Joaige Donine Doainme
149 m 238
0 § 19
62 19 129
1% 89 126
182 281 m
b} n 55
149 163 PH ]
+106% +20% +50%
il 10 {
1] 5t b}
(3] 49 18
16 3 Doaipe
Dastne Doaime Demine
Doaine Domine Domine
b1 U 1
Donine  Dosine Domine
" n 2
51 i 17
195 m 1N
13 10 1
115 103 18

Rotation arachide-ail-arachide

PAQUEY TECHNOLOGIQUE (1) -50% -20%
A) EYPLOITATION NON EQUIPEE:
Association X-¥ amelioree Doaine 18
Assolesent X-N ameliore 8 50
Issociatica ¥-N trad. anelioree 11 3
Association N-¥ tradicionnelle
Rotation A-¥-A ameliorze avec ?¥T Dosine W]
Rotacion N-X-K traditiocnelle
Rotation A-N-A amelioree saos PAT Dcaize Doaine
Rotation X-N-N trad. amelicree Doeine Domize
Culture ameliores du sesame Danine i3
de annee rot. N-N-N trad.aaelioree
le anoee rotation ¥-M-¥ trad. Doaine Domise
B) BXPLOITATION BQUIPER:
Association N-N amelioree Donine 12
Lssolement N-X aneliore ) 19
Association ¥-¥ trad. amelioree
Rotation A-N-A amelioree avec PA? 1% 161
Rotation A-N-A amelioree sans PNT Domige ]
Rotation N-X-¥ trad. amelioree
Culture amelioree du sesase 15 91
e annee rot. M-¥-X trad.amelioree
PAQUET TECHNOLOGIQUE (1) -50% -20%
A} BIPLOITATICK NON EQUIPEE:
Association N-N amelforee 0 1]
Assoleaent N-N aneliore 159 125
Association M- trad. amelioree 68 1
Issociation ¥-N traditiomnelle
Rotation A-N-A anelioree avec PAT 539 238
Rotatisn N-¥-N tradicionnelle
Rotation A-N-L anelioree sans FT 114 ]
Rotation N-N-N trad, amelioree i 12
Culture amelioree du sesame 150 183
e annee rot. N-N-¥ trad.ameliore 9] 1%
de annee rotation N-¥-K trad.
B) EXPLOITATION EQUIPEE:
Issociation X-N anelioree 176 1
Assolement N-¥ ameljore 104 99
Association N-H trad. amelioree
Rotation A-N-1 amelioree avec PAT S 29
Rotation A-¥-1 amelioree sans PET 63 b
Rotation N-N-N trad. aselioree
Culture amelioree du sesane 293 Imn
e annee rot. N-¥-X trad.amelioree
BISEEE3XISSEE2EIA3I 3283 S22 2sss &3r3z33333:s2:c 3z3=8
(1} N-¥: Nil-iebe A-N-d:
N-N-N: Rotation ail-ail-ajl PAT:

Phosphate Xaturel de Tileasi

- ,&[;(‘
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ANKEXE I.

TABLEAU 1.3: ANALYSE DE SENSIBILITE DU TAUX NARCINAL DE RENTABILITE DES PAQUETS TECHROLOGIQUES BN
VARIANT LES PRI OU LES RENDENENTS ET EN VARIANT LES COUTS DES INTRANTS POUR L) ZONE Svb

PRIT OU RENDENENT

PAQUET TECEROLOGIQUE (1) -50% -20% -10% 0% +10% +20% 504
K} EXPLOITATION KON EQUIPEE:
Asscciaticn N-N amelicree Domine 1 14 26 39 51 8§
Assolement M-N axalicre Dokine 35 {6 7 6¢ 13 104
Asscciation K-K trad. amelioree ] 48 61 12 8] 9 119

Association N-N traditionpelle

Culture amelioree du sesame 1 90 109 269 306 1] 09
de annee rot, N-N-¥ trad.azeliore Domine Domine Domine 0 6 12 N
de annee rotaticn N-N-N trad.

B) EXPLOITATION EQUIPEE:
Association N-§ amelioree Donine  Domine 8 19 30 41 14
Assoleren*t X-X ameliore Donine 35 i€ 57 68 78 104
Asscciation N-K trad. amelioree
Cuiture aselioree du sesams 109 205 bRy 269 301 i 429
de annee rot. M-M-N trad.amelicree

CoLTs

PAQUET TECEROLOGIQUE 1) ~50% -20% -10% 0% +10% +20% 150%

kv EXFLOITATION NOX EQUIPEE:
Associztion N-K amzliorce 151 7 40 26 18 5 Doxine
kssclement N-K ameliore 214 97 18 57 x| Ji 5
kssoziation K-§ trad. amelisree 251 113 2 72 56 {; 1]
Associatics N-K trajitionnelle
Culture ameiioree du sesame 635 361 3G 69 107 8§ 5
de annee rot. M-N-N trai.ameliore 104 26 12 0 Domine Dosine Donmine
de annee rotation N-M-N trad.

B) EXPLOITATION EQUIPEE:
Association M-N amelioree 126 46 i 19 9 1 Doaine
Assolement N-K ameliore 214 97 15 587 {) 3 5
Association M-K trad. amelioree

Culture ameliores du sesame 562 32 30 269 1] ') 1
de annee rot. N-M-N trad.amelioree :

{1) N-N: Nil-Niebe
M-¥-N: Rotation Nil-Nil-Nil



I-4

MINRIB I,

YABLEAU I.4: Rentabilite moyesme du travail et reatabilite marginale de 1a journee de travail avec un cout d'oppartunite du capital de 504,

demefice Cout Total Rentapilite Tatrant  Jauraee  Rentabilite Moy. Reatabilite Rescabilite Marginale

fajuet Tectaclogijuell) drut {PCEA} {ECFA) du Pravail Travail Supplementaire du Travarl (4) Marginele du  par Jourgee (5
) i) IFCRA) {jaur) 1jeur! (FCEA/jaur)  TravailiFCRA) |FCEX/ joul!

Ar I2MB NORD:

Tesn. trad. sur 1'association N-M 10500 1803 18696 3.5 1.8 135 531 0
Issociation N-M amelicree 16030 17306 13198 6.0 5.0 505 8] 133
issclement M-§ amelisree 3677 29203 17513 it 13 591 adl? 18]
Tech. trans. sur l'assaciation N-N IR TR 1188 7.8 106
Je 1gcee de teco. trad, sur N-M-X 15600 3345 4008 1S 3.5 13 7859 1209
culture amelioree de sesame 1000 1435) sl 15.9 1.3 178 1332 11e
le apnee de tezd. trans. sur N-X-N 15060 191388 {815 HE) 208
3) ZONES CENTRALE ST DU PLATEAU:
Asssziatizn M-N amelioree 81600 643 611 1.8 [N 550 183 in
Teca. crad. sur i'associatizn X-¥ 000 1840 15381 51.% 1 1 Donine {8}
issoleneat M-X amelicree {3500 8152 JuE 4 3.1 551 8385 1581
Tech. tragcs. sur l'assaclation X-¥ M LT [hEY 1830 M. {98
Technique trad. sur ratation M-K-Y HH 383 1929 300 18 kD7 164 13
fatatico amelioree A-H-A avec M1 {iodd 213448 15134 $l.C {.) L Donige 16)
Rotation amelicree A-X-A saps PN? Y 15703 I I T 16.4 180 HT a0
Techoijue traps. sur rotatiog N-X-N 16267 1141 {85! 10.) 160
a2 aagee Je tech. trad. sur M-¥-M 16300 320 15341 3.0 8.0 i 165) I
Sulture amelioree de sesame 1150 1952) 1432 () .0 N 795 §
s¢ 4nnee de tech. traps. sur K-§-X 16800 11167 5) 2130
¢ ZCHE SUD:
Tesd. trad, sur 'association X-¥ 22400 e U4 add 8.5 LY} 5157 1
Assolesent N-X amelioree 52690 18276 19228 97.% 18.5 m m H
Association M-I amelioree 88100 53148 15551 3.4 2. 199
Tech. traps, sur 1'association M-I 15200 10710 1930 5.0 m Demize (6)
Techpigue trad. sur rotation ¥-M-N 1108 s 13183 239 263 6141 1543
ictatica amelioree A-N-A sans PA? RELE) 13461 578 6.0 151 3010 138
Bctation amelicree A-X-4 avec AT N 24080 eldd 49.) 19.3 iaf Dorige ia)
Tecanigue trams. sur rotatiop ¥-X-¥ 1l 10128 1988 0.0 1
Culture amelicree de sesame 42000 18266 IR 19.9 [H]] 17670 3l
ie appee de tech. trad, sur X-X-M 15900 H P 15356 50.1 0.0 )01 Doaine {6)
ie appee de tech. trags. sur X-N-M 15900 10035 5385 10.0 196
{1} M-I Mil-Niebe N-M-M: Rotation Nil-Nil-¥il

A-¥-1: Rotation Arachide-Nil-drachide P¥T: Phospoat. Naturel de Tileasi

Yechnique de transition: Yechnique mecanisee sans istraat exterieur.
Techoique traditionnelle: Technique non-secapisee sans intraot exterieur.
i3} Gais de travail exclu.
{3) Cout de travail exclu, nais incluant up cout d'opportumite du capital de 50% pour la saison agricale,
{4) Reatabilite du travail divise par le aoabre total e journees de travail.
{51 Rentabilite margigale du trevail divise par le nombre de journees suppleseatairss.
18} Uno paquet technalogique est Jomine s'il encourre plus de travail sans besefice additiconel.
Soyrce: A partir des tableauxr P.1. a F.5. de 1'annexe ¥ ot les tableaux G.1. 2 G.5. de l'snoexe G.
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ARNEXE J: ARALYSE ECOROMIQUE DES PAQUETS TECENOLOGIQUES.

TABLEAU J.1: SUPERFICIE, POPULATION ET TAUX D'EQUIPENERT PAR SYSTENE
DE PRODUCTION DU SENO BT DU PLATEAU,

LORE  SUPERFICIE POPULATION SYSTENE PRODUC(Y)  EQUIPENENT(S)

ENBLAVEE(HA) AGRO- EBLEVEUR  AGRO- ELEVEUR
(2) {3) PASTEUR {4)  PASTEUR (5

S
CENTRE 37250 119861 95 5 {6 -
PLATEAD 10100 {2867 90 10 n -
SUD 50550 145120 12 i 1] {
TOTAL 129150 375671
Sous region (1) 655372
Pourcentage($) 57

(1) Cercle de Bandiagara, Bankass, Koro et Docuentza et les arrondissements
de Boni., Nondoro, Hombori et Douentza Central du cercle de Douentza,
Sources: (2) Selon le Rapport Mensuel de 1'OMN, Janvier-Fevrier 1987,
(3) Selon "Recensement General de la Population et de 1'Habitat
(du ler au 14 avril)." Ninistere de 1'Adrinistration Territorial
et du Developpement a la B=<e. Republique du Nali. Juillet 1987,
(4) Rassambara, Barz, 1980 et Enquete Inforzelle, Prejet IER-USAID-NS
Deceabre 1947,
(5) Enquete Informelle. Projet IER-USAID-NSU, Decembre 1967,
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ARNEXE J.

TABLEAU J.2: CARAZTRRISTIQUES DES GROUPES CIBLES !STRATE} RETENUS POUR LB SENO
ET LE PLATEAU,

---------------------------------------------------------------------------------------

STRATE GROUPES CIBLES Pop./UP Actif/UP Superf. emblavae Population {3)
Yo (2) {2) Ha § { H

1 Agropast.Nord non equipe 14 10 19750 16 42804 12

2 Agropasteur Nord equipe 20 13 4938 i 10716 3

3 [Agropast.Cent.non equipe 8 6 19109 15 61489 17

{Agropast.Plat.non equipe 12 8 6181 5 26235 1

{ [Agropast.Cent.equipe 14 9 16278 13 52379 14

[Agropast.Plat.equipe 11 § 2905 T 12346 3

5  Aqropast. Sud necc equipe § & 29117 3 83589 2]

6  Agropest. Sud equipe 21 12 1219 6 20897 b

1 Bleveur Kord non equipe 15 10 6038 5 13103 4

§  Eleveur Nord equipe 18 11 525 0 1139 0

9 Eleveur Sud 14 9 14154 11 40634 11

Total 126278 100 365391 100
Sous regior {1) 655312
Pourcentage !y} 56

(1} Cercle de Bandiagara, Bankass, Koro et Douentza et les arrondissements
de Boni, Nondoro, Hombori et Douentza Central du cercle de Douentza.
Sources: (2} Selon les resultats de 1'enquete formelle. Projet IER-USAID-XSU.
Decenbre 1987 - Mars 1988. Les valeurs statistiques ne sont pas
significativement differentes entre-elles.
(3) Selon le tableau J.1, Anpexe J.
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TLBLEAO J.3: LEALTSE RCOBONIQUR DB L'ASSOCIATION RIL-DIEDE PAR STLATK LT M.

CONPOSLITLS PAR STRATE

nLa

moacnt ul [V} ) it us i ul Ny} 'R} M1
Coefficient d'adoption de bass: 1.00
ST
Coetfrcient 4'adoption ajuste: .00
Taur ¢'adoption cumslatif(dBal: 0.0 0.0 0.0 0.0 0.0 0.1 0.2 0.4 0.1 1.6
Supertice (hai: 19750 0 0 0 0 0 ] (1] ] 18 e
Sugsestacion besefice brat(Nillfers FCPA): 3 [] 0 ] ] ] (11} 1214 Y (131 8429
Lugnentation des couts (Williers ICTL); 0 0 [] [] ] [] 0 1Y) 1609 N 1313
Lugaentatios benefico oet (Xilliers PCTAY: 10 0 ¢ ¢ 0 0 n [} " 1594 i
[ {13 ]
Coefficiest dadoption ajuste: .10
Tauz d'adoption cusulatif(Vial: 0.0 0.0 0.0 0.0 0.0 0.2 0.4 0.4 1.4 3.
fuperfice (Na): (131 0 0 0 [] ] 10 b} 1 1 I$}]
Lugaeotation beoefice broc(¥illiars PCH}: 10 ] ] 0 [] [] 18§ o 11 1) N
Lugnestation des couts (Nilliers ICTA): 1] 0 0 0 0 0 1§ i1 11 1224 15%)
deqaeatation besefice aet {Qilliars FCNL): ] ¢ 0 ] 0 0 13 16 H1] HY 1131
13418 (]
Coeflicient d'adoption ajuste: .10
Tanx d'adoption cunalatititha): 0.0 0.0 0.0 0.0 [N] 0.1 0.2 [N} [R] 14
feperlice (Maj: 15290 ] ] ] ] 0 ] ) 13 3l (1
Logaentation besefice brutiMilliers PCPL): (1] 0 ] ] 0 [] 100) 1B [13}] N 1t
Legaentation des couts (Milllers FCIA): n ] 0 [] [] ] 1}) 1 194§ 6 1
Lugneotation basetice aet (Hilliers ICIL): 13 0 ] [] ] ] 23] 104 1492 nn §556
13193 K
Coefficient d'adoption ajuste: .10
Taes d'adogtion cunulatifivEel; 0.0 0.0 0.0 0.0 0.0 0.2 0.) 0.7 1 IR}
Supertice (Ma): 1n ] 0 ] 0 ] ] §) 139 106 (Y]]
Lugneatatios beasfice brutiNilliers ICH): 26 ] ] 0 0 [] s 1611 5N nse 1N
bogsestatios das couts (Nilliers ICTL): 1 0 0 0 0 ] LH 19 H1M St a0
dugaentatfos besstice aet [(M{lliera ICH}: 1 0 ] 0 0 ] 1 [¥)) m 100) [}})
s S
Coefficieat 4'adoptics sjuste: .Y
Taur 4'edoption cumulatifitlal}: 0.0 0.0 0.0 .0 0.0 0.1 0. 6.4 0.7 1.}
Soperfice {hui: My 0 0 0 ] [] ] 5 108 100 nm
Augnentation beaefice drutiMilliers FChi): §1 0 ] 0 ] 0 1S 1 §31% 10y 10l
Lugnestation des coats {Milliers TCH): [} [] ] 0 ] 0 un 23] [H1] 1y 18
Lugnentation begefice mat {Nilliera ICHL): 11 0 0 0 0 ] 07 512 i UL (L1
STAUTL §
Coefficient d"adoption ajuste: 1,00
Tauz ¢"adoption cumulatifitfal: 0.0 0.0 0.0 0.0 0.0 0.2 0.4 0.4 1.4 ).
Superfice (Ha: nn ] [] 0 ] ] 1 Hi H] 1té M
bagnectatico besefice brutiDilliera FCNA): [ ] ¢ ] [] [] §00 1160 1 [131) 13U
Lugnestation des couts (Billiers FCII: n ] ] ] 0 0 506 L] 1954 "1 64
dugsentation beaetice net (Nilliers PCMA): ] ] 0 0 0 0 " 11 Y] b 1458
s ?
Coeffizient 4'adoptian ajuste: 1.0
Taux d'adoption camalatif(¥nal: 0.0 0.0 0.0 0.0 0.0 0.1 0.1 ¥ 0.) 0.5
Superfice (Ne): §01 [] 0 ] ] ] ) § 10 18 n
Lugaentation besefice brutimilliers ICHL): 3 [] 0 ] [} [} L1 152 308 HI 1
lugaentaticn dos coats IMilliers ICHL): 0 0 ] 0 ] ] 1 0 M W 652
Lugaeotation bevefice oat (Milliers ICHA}; 10 0 [] 0 ] [} 3 H] 101 mn 23]
nun
Coefticisat d'adoption ejuste: 1.90
Taux d'adoption cumalatifitla): 0.0 0.0 0.0 0.0 0.0 0.2 [K] 0.1 1d 1.4
superfice (ha): 58 ] ] 0 [] [] 1 1 { 1 i
Jugaaatation beaefice brut{Nilliers ICILI: 20 [] ] 0 t 0 10 3 i 8} m
Legaentation dos couts (dilliers ICPL): " 0 ] ] 0 ) " n 5 9% 1)
Logaentation bemafice aet (Milliers ICMA): § [] ] ] ] [} 1 1 " Q ]
TN Y
Coobticient d'adoption ajeste: Ln
Tauz d'adoption canalatititlal: 0.0 (K] 0.0 00 [N} 0.1 0.1 0.3 [ B} (A}
Superfice (Ma): 14154 0 ] 0 ] ¢ u Hi {1 ] 1t
Ingaentation beasfice bratiNilliers FCPL); 1 0 0 ] ] ] m 120 2099 11}) (11}
Lagaentation des couts (Xilliers 1CH): { 0 0 ] 0 ] 569 99 1665 bi1}) i
Lugaeatatios benatice met [Nilliers FCILI: 1 ] ] 0 [} 0 i I i nlua
M EBEEH
swperfice (a): 12600 ] 0 0 ] ' e m 92 1200 80
Tanx 4'adoption camalatitivmel: (K] (A 0.0 [A] 0.0 0.1 0.1 0.5 1.4 1.9
Aegaestatios besefice brat(milliore FCIN): [] [) ] ] 0 SGE 10167 2150 4 N
Legaeotation des conte {Nilliers ICPA): ] [] ' ] ¢ 1090 1031 1509 e 6%l
Logaentation beosfice net (Xilliers ICN): 0 ] ] [] 0 N 1ms 510 11100 22520
Lug.beselice brati¥illlors § U8): o180 [} ] ] ] ] 1 I n 1) hi)
Lagaeotetion cout(¥illiers § V3): Wel1§0 [] ¢ ] ] ] u N §) 1 i
Lug.beaelico et (Killfers § 08): el [] [} ] ] [] H ] 1 )] i)
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TASLLIO J.) (SUITE): ANALTSE RCOBONIQUS DN L'ASSOCIATION NIL-NINIE PR STLATE 1Y A2,

CONPOSANYIS PLI STRASE

LIPS V0D VI 3 I T I T T N C Y T IS TY 6% NN ISV Y 1] uwn
Coafticient d'adoptica de base: .00
[3{1 B
Coefficient 4'adoption sfuste: .00
Tauz d'adeption cunnlatit(Vhai: 1 (W] 1.8 6.0 1.4 1 1.1 19.0 19.1 1.2
Supertice 1) 14158 3] 1364 1328 N1 Wi I m 1) m n
Augseatation deoelice brotiMulliers PCFAN: 18287 MSL4 79020 %6265 105814 1107138 113135 1S 11833 15
Lugnantation des couts (Millfers PCIAI: 141 2818 SI8L R3E3 1079% T401E 1S UL TeM TN
Augnentation beseffce aet 1lilliers PCPAI: 6304 12769 25530 31923 MSIMC N0 31509 )181) 105
SN2
Coetticiest d'adopticn ajuste: .10
Taur ¢'adopticy comulatafithal: [} n.a . 1.5 A U ) 5.1 1.2 15.) 15.)
Sepertice (Ma); 193 0 W 1054 115 1107 120 140 1246 124 1249
Avgaestation beselice brot(Milliers PCPAT:  TH3Y 16517 20632 22601 23530 16 UL I W n
Lugaeatation des couts (Nilliers ICH): S M T 1552 1661 16l LTI (1 (T T (] 11}
Lugaeatation benatice net (Milliees PCPA): 241 HM] (313} ($11] nun s H3H un n N
i)
Coefticiest d'adoption ajuate: o0
Taur d'sdoption camulatifithy): Ll [N 1.t 1.5 .6 18 .1 N .5 .5
Superfice (N 15190 103} ey 4555 5681 (13N (111] 138 11 [131) m
dugaeatation beaelice brutimidliers FCPL):  AM2)  0OM00 LO2670 230230 29913 260270 265200 261510 168452 U811
dugaestation des couts (Milliers PCPI: MEEL G000 121972 151381 L6EE1T O IINE IS0 1M 100 19
Avguestatios besefice et (Billiers PCPAE:  1D765 20904 60699 15007 13046 Bedbd¢  B012) 84496 19268 2
1141V X
Coefticient d*adoption ajuste: 1L
Taaz d'adoption camulatif(Vhal: 1 1.0 N .7 50,9 3.1 5).1 5.1 §¢.) H N
Superfice (la}: 107 Hy 10 un {1111 §160 10036 10303 1YY G413 10428
Aegmeatation besefice brot(mslliers PCPA}:  JBOSS 03781 L8466 200078  2S0KSL 260305 264594 6ES46 262410 261400
lugaeataticn des conts (Milliera PCIA): WD Q2000 106034 170250 15624 192617 195190 115 194N 1M148
Augmentation beaetice wet (Nilliecs PCPAE: 9903 21780 3041 SSU24 65201 GTEMb EMOL GBI 6%SN 1114
sTun s
Coefficient d'edoption ajuste: 1.40
Teur d'adoptios cumvlatifiddal: 1.9 (R 1) 11.2 1.) 13.0 1)) 11.§ 1.8 13.6
Superiice (Ma): NN n 170 200} 187 18%) n LY " I8 N
Augaeatation beaefice brot(milliers PCIA):  DOS10  D0IM 1384 L6610 183935 193156 197961 200531 01852 202549
Lugseatation des couts (Milliers PCMA): BAUT S0 106 1I0TE L4592 132N 18081 15960 166LE 166107
Augaeatation beactice met iilliers PCRM): 620 LGB 20530 JAO¢  DROID  3NMLE 40010 L)Y d1MMd 1156)
ST
Coefticient d'adopticn sjuste: .00
Taux d'adoption cusvlatititbal: (K] 121 16.¢ 1.4 14 .4 1.0 1.1 112 132
Superfice (Ra): 1 [} " i nu 1138 1368 134 1330 139 134
Augaentation beaefice breviMilisers PCPA): 1D 37270 (4892 S1230 S0SBL SATN6 98310 88850 8750 88430
Lugaeatatios des couts (Miiliers FCML): DR T I VYL L £V E I 3 VR £ VK P A 13 S I {132 N 11 1 I 1111 I 3§ 1
lugsentation banefice aet (Milliers PCPA): 296§ St nn 1" [311) "o ({31} un nn 11
[34 73 ]
Coefticient d'adoptios ajuste: 1.0
Tauz ¢ adoption eunclatif(tla): 0.9 1.1 3 5.9 .4 1.4 1.0 1.3 i [ 8]
Supertice (M) (121 9 10) 1 )33} (1} [} (143 500 61 512
dugaeatation besefice brut(illiers FCILI: 1107 N 630 101Y 1364 106 LdsOE ISD)S 1547y 18401
Lagaeatation des couts {milliars PCIL): 14l {31 Nt (11} 15) 169 LIS RIS Lt TR (3T R A (I}
lugnectation besefice nat {Nilljers Pcpy: B na o u T (1 (1} 19 H) 18N HYH
sTn
Coefficient 4'adoption ajuste: 1.40
Tsax ¢'adoption camalatifivi): 9.9 .4 1.y 1.) HA 5.9 HA ) 0.1 N1
bapertice (I): 528 i [}] " m 181 134 1% 11 10 1)
lugsentation besefice brutiMillises PCPL): H 150 1) un 1808 1482 ny 1750 1) ny
'Omeatation des costs {K{lidaes PCH): L} 1}] 128 1580 1756 un un 1904 111 1931
+ geeatation benefice sec (M{1liers PCN): 18 il H{J 01 m 115 5)) 1 "1 19
JIUIL Y
Costticioat d'adoption ajuste: 1.10
Toux 4'sdoption cuaslatif{Vha): 1.4 N 1 10 1.1 1.7 10 wE 1 1)
Sepertice (h): 1154 101 1Y} §i1 m 122 10 1456 19 157 154
Iugaentatios beoefice brot(Willlers FCPAL: 10230 17508 2974) 50531 2262 %R0 A M 11 medl
lugaantation des conts (Nilliers PCIL): B16) 10090 13% doous 4979 SSSIM SBAMY G0y 2016 62107
Lugseatation benefice wet (Millfers PCRE): 2136 1 S0 100 12970 104 1500 1SSk 1ELSS 1S
mimnii e
Supactice (Ma): nuan 5021 10039 19N 8Ny 213a6 M MM AMSE % ANl
Tasx d*adoption caavlatitidla): (R] 1.1 15.4 111 i 0.4 0.1 A 0.5 2.8
Dugaeatatios beaetice bratimilliers PCEAD: 100700 350022 GN1I35 482057 GASE5)  MANIRE101213) 1023561 103062 1D
Jugaestation des conts (Williers PCH): LMD 260017 4OTBAE B2641) 90710 TDDL0 DINENE T4Mesy IS2e1) 180
Augaeatatfon Denstice met (M110iers PCPAD: (5065 M3BOS  JOOLD DILGEE MAMD 266630 UM 18D MY N
dng.beaefice bratimilliers § 93); 30 11} 1 un 60 N8 19y I un B i
Lugueotation cout(Nilliers § U3): 00 [}1) L} 145 H 102 HN Hi} UK 1] 116
beg.benetice aot (Milliers § 08): e 18) b1}] §) m [H] (1] L] 1l 1 3] LH]

=),
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TABLEAY J.4: ANALYSE RCOBONIQUE OB L°ASSOLENSNT NIL-EIRAS PAR STRATE Y MAR AX.

CONPOSLNTLS PAL STRUTL viLgu

pLL BT MY 111 1) i R} [ 9y 1 il iy 10
Coefliciest d'adoptica de base: 1.00
n
Coellicieat d'udoption ajuste: 1.7t
Tanz d'adoption cumlatil{tiai: 0.9 0.0 0.0 0.0 0.0 0.1 0.1 0.1 0.2 0
sapertice ilal: 19750 [] ¢ ] 0 0 10 1 ) [}] n
dugacectation bemelice brutimilliors ICHL): H] 0 0 ¢ [ 0 h3H} p11] 1] un 1905
dugaestation des couts (Ei1liers PCIL): 1" [ ¢ [ 0 0 |81 i (1] (13 11
logacatation bametice oet (Milljets ICPA): ’ 0 ] ) [] ] L 160 m ) m™m
ST 2
Coefficient d'adoption ajuste: 1.0
Tanz d'adoption cusulatilivia): 0.0 0.0 0.0 0.0 8.0 0.2 t.) 0.8 0.9 1.§
supertice (hal: "y ] ] ] ¢ [] 1 1) n 3] n
Logseatation besefice brutimilliess MCHA): 1 ¢ 0 0 ] 0 0 19 Y 52 1081
logaentation des couts (Rilliets PCPA): 1 [} [] ] 0 ] 4 "0 164 Mt §t1
lugaeotat1on beselice net (Milliers FCPA): 1 4 0 0 0 0 [} n (}] I8 (£}
ST )
Conflicient d'adoption ajuste: 1.9¢
fauz d'adoption cumelatif(dal: 0.0 0.0 [ A 0.0 0.0 0.1 0.2 0.4 0.1 1.}
Superfice (M) 1990 ] ] [] ] 0 ] i 11 m 100
lagaestation benefice brut(Eilliees PCIL): i) 0 0 0 ] ] 1M 1391 6 5612 1561
lugaeatation des couts (Milliers PCIA): 19 ] [] 0 0 ] i m nu bH §260
Lugneatation benefice net {Williers PCM): 10 [] [ ¢ 0 0 HY) n 0l 1" 1y
134 V34 K]
Coefficiest d*adoption ajuste: .90
Taux d'adopticn cumnlatifithal: 0.0 0.0 0.0 0.0 0.0 0.1 0.4 0.4 1.4 12
fepertice (L) 1910 ] ] ] 0 [} i n 153 n (3]
Lugaentation besefice drutiNilliers PCIL): 1§ 0 0 0 0 [ 518 16l 1320 ({11 111
Lognentation des couts (Millfers FCMA): 11 0 0 [ [} 0 [} {1} m Hu 11}1)
lugnectation becefice net {Milliers PCPL): { [] 0 0 [} [} 150 LT} §0) 211 un
STUT S
Soelficieat d'adoptics ajuste: 1.0
tesr d'adoptics cumelatil(Mat: 0.0 0.0 (K] 0.0 0.8 0.1 0.1 [ 0.6 1.0
Supertice (La): uimn ] ] ] 0 [] Hi HH L] i 306
dugneatation beaelice bratimilliers ICH}: n 0 ] 0 0 0 U[}] B} 1530 0 1
lugaestation des couts (Milliers PCHA): n [] [] [] [} ] m 149) 10 (1] 1254
fugaestation beaefice set (Nilliers PCHM): 10 ] ] 0 0 ] Jo0 9§38 m 1740 B}
STHE 6
Coellicieat d*adostisn ajeste: 1.9
Tauz ¢'adoptios cumolatifidBal: 0.0 0.0 0.0 0.0 0.0 8.2 0.} 0.8 1.0 1.0
Supertice (La): 13 [} [] 0 [] [] 11 hi pi] 15 141
lugsectation beoefice brutiMilliers FCHL): n ] ] 0 ] ] 185 HE 105 1010 LI
dugaectaticn den couts (Eilljers PCHL): Hi [] [} 0 0 [} Hi [}3) s 1508 HEH ]
Lugnentaticn beaefice ast (Nillters PCHL): 1 ] ] 0 ] 0 3] 1o 180 501 "
[ 1} ]
Caefficaect d'adeptica ajuste: 1.60
Tauz d'adoption cunulatitirdal: 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0. 0.) [B]
Supertice {fa); (131 0 b ] ] 0 § t 1 n 1
Lugnentation beaefice brutiMilliers ICH): 1) 0 [} 0 [} ] 116 1 m [[$] "
dugaestation des couts (M§1liers PCPL): I ] [} 0 [] ] 1] 110 166 n 1)
dugaentation becelice set (Millirs PCHA): l} [] 0 [] [ 4 ()] % 11 1 02
STHTEN
Coelticieat d'adeption ajuste: 1.70
taur 4'adoptios cumalatitiviel: 0.0 0.0 0.0 0.0 0.0 0.2 0.] 0.4 1.0 11
Supertice (ha): 2% [] ] [] [] ] 1 1 ) § ]
lugnentation benelice brut(¥illiers ICTL): 1 [] 0 [ [} ] [§] 3 L] 1] 11§
lagaentation des costs (Nilliers PCPL): 1 ] [] 0 0 0 " | 1] (1]
luguestation desefice set (Nilliers PCHA): 1 0 0 [] ] ] § 12 " b} §)
SN s
Coefficient d'sdoption afuste: 1.40
Taur d'adoption cusalatitiVhal: 0.0 0.0 0.0 0.0 0.0 0.1 0.) 0.5 0.y 1.4
Supertice (M) s 0 [] ] [} 0 bl b 1] 1 3]
lugseotation bezelice brot(Xilliers PCHU): n 0 0 ] ] [] ™ " 1) (131 nn
dugnentatico des couts (Williers PCFL): i [] [} ] [] 0 HY 1026 182 146 018
dugaeatatica beotfice wat (Rilliers PCHL): 10 0 0 [} [} 0 m 13} e $11} 10
i1 SR H
Superfice (Ma): 12411 0 ] [] [] ] i m HIY) L3 11
Taur 4" udeption comulatifiVlaj; 0.0 0.0 0.0 0.0 0.0 0.1 0.2 0. [N 1
Lugneatation beoefice brut(Milliers KCHLI: 0 [] ] [} ] W 1285 1 WY 61
Aogaeatstion des costs (Nilliers FCHL): ] ] ] 0 ] nu HLH N INSE UK
lognentation beoefice set (Milliers ICHL): [] 0 0 [} ] 1 U 1004 ne 1m
dvg.beselice brat(ailliers § 08): 001808 [] 0 ] [} [} 1) ] [} [}] 19
dugsentation coatiNilliers § 0$): Woe 1§08 ] ] ] 0 0 L Y i H 10

Ivg.benelice vot (Wi11jers § 08): 00«1 908 [} ] 0 [ 0 { 1 1 b} [
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TIBLEAU J.0 (SOITR1: ADALYSS BCORONIQOR OB L'ASSOLLNIRY WIL-BIEBE PAL STRITL 0T RiR LD,

ConbOsANTIS P2 STLATL

Wil a1z arly umue arls o mleo o ouly o ouno oun o uw
Coetfrcieat d'adoption de base: 1.00
[3{1H B
Coefticiost 4'adoption ajuste: 1.0
Taur 4'edoptron cuaulatativbal: 0.7 1.3 1 38 5.9 10.1 1.3 1.0 [N 15.3
Superfice (e 19750 1 1t [} 1] " 1491 Hun ny ny 0
lujnentatios besetice brutimiliyers 2CPM):  )1%) 529 HOE 6000 21236 R8T SNSS  BUCSY  eme 010
Lugaeztation des couts (Milliers ICNAY: 1931 iH 3] 5536 LI TR UL YR VY B T RSO 11 S D Y B V (1]
lugsentacion besefice gt (Milliers PCIAI: 1IN2 ny un 6504 11084 1S IS A0 21N AN
STUtE 2
Coefticiest d'adptioe ajuste: 1.0
Taer &' adoption comulatifinBal: 1.1 5.1 1.2 16.§ 0.6 1) B U1 5.1 N
Sapertice (N): “n IE hi¥ ) 16 i 113 1192 1236 H1j 125
bugnestation benefice brut(lliers PCPL: 1797 Ih) R T T F I 111 I UL 15 I T IR C AL R 111 ) M (1 91}
Lugaectatice des coots Milliers PCHL): 0 11 FISL] $48% H1H nu [} uy 138 0l
dugueotation baaetice net (Millrers PCIL): m uu 1 un Qe (1 nwn ni N84 NS
1119} 8]
Coefficieat d'adoption ajuste: 1.9¢
fau $'adopticn cunnlatilitha}: 1.8 W 1.9 1n.e N3 HN| .6 15.1 1.4 .
Supertice (Na): 25290 86 1 14l 1288 5)66 §930 18 (31} 1i}} 501
Augnestation benetice brutiMilliors FCPLI:  TI1DT QAT 68503 12441 1SSAT1 DTLRD O LA00A9 1M4%08 1131 MMESSY
Lugneatatioc des couts {Milliers PCHi): 190 22600 4254 IST 101931 11630 A% 2121y 1y 1Nl
lugseatation besefice et (M§1liers PCPA): 6280 11006 NS60 4242 §1581 691N 213 0680 818 B
ST
Coefficiest d'adoptios ajuste: 1.00
Tanx d'adoptico cuaulatit(tla): 6.1 111 5.4 3.8 8.3 6.4 N A 19 )
Supettice (ha): nn nu ] Wil 1111 8 1041 ni nm b 8
logaentation benefice bratimilliers FCRAI: 10631 JIME 20400 3108 103416 1670701 1GWIML 110SSY 1LINIS 1L
Lugaeatation des couts (Nilliers FCPi): 0nE o nsss e i mMm 1093 e 1 [M1}]
duzaectation beaefice zet (Xilliers PCPA): (W) LTSI L DT P D A T Y2 I U F T Y LR R Y I T 1 I 1111
STLTE §
Coeflicient d'adoptios ajusce: 1.8
Tacs 4" adoption eamulatititing: 1 3 6. 1.0 1. 15.) 1.1 6.4 Y] n.e
Superfice (N): nn §90 190 1 3209 100} (111 1 il un (131]
bugaectation besefice brut{Milliers PCTA): 30507 6366 B6577 110020 MYI% L6SE26 ATOONC O Lae1S LIA8) Lt
Lugneccation des conts {Milliers FCHA): WHD G670 L1y BER0)  TomsTy HEMSE O 136D 1e10e LAISE 133w
duguestatios beaeffce pet (Williers PCPAE:  SEM 103 1088 I 41y 1 st [$RL] H3H 5110
1114
Coefticient d'adoptioa ajuste: 1.90
Tt 4'adoption cwmulatif(tha}; 1.1 1.1 10 1.9 Lt 8.2 [ 1.9 ) }N]
Sspartice (e nn m SI4 1 1484 un 1580 11 %% M nie
lugaeataticn beoafice brut(Milliers FCPM): 726 1IMDS 2EISYT  4ORMD 62086 ABG M ML WM 1930
Lugaestation des couts (Killiers ICIM): DT T R TY P 15 1) S T Y71 I 0 1R O 1111 B TS I 1311 R 11 111
Lugaeatat{on beaefice net (¥flliers FCHA}: 113 N 8519 1 tue 1 18 10 uar 1w
[1{ 1330 ]
Coefticiest d*adoptios a)uste: 1.60
Taur &'adopticn comuletititEey: [N 1. 1.1 IN| $.8 It 10.9 1.1 11.0 1.8
Supertice (M) §3)3 L} 1 10 W0 m LI 656 m m 1%
Logaestation benelice bryt(Milliers FCH):  114Y 11 21 oy M) M DB e 1S
fognestation des couts (¥illiezs PCIL): {3 un 179} 88 157 nu $04l e e 1108
dugaestatios benefice net {Billiers PCPL): [11] H}) 1] 1334 UN $01) (1§)] 0914 ni H13]
STNYE
Coafficient ¢'adoption ajuste: 1.1
Taur 4'adoption coaulatifishei; 1N [} 51 .t 1) 13.3 .8 i 1.6 1na
Superfice () §28 1% i { N I} 14 10 3% 1
Lugaestation benetice brot(williers I1CPL}: 1%) nl 9 m 1188 1256 N 138 1Hse
Jugaentation dey conts (Nilljers PCH): L1 i m H 31} e it % "
Legaentation beantice aet (Milliers f1CN): 1 1 it L} 0N 1D (3] (11} 1}
[3{1M ]
Coefticient &"adoption ajuste; 110
Taur dadoptioe cumalatitivhi: 14 9.1 1.1 16.8 0.6 1. U1 HA 5.3 8.4
Sopertice (M) ISt 101 m 1300 31 un 1 un BH I 3ol
Iogaeatstios bomeface broviMilliers PCPAN: 1037 36989 40543 47075 100830 130906 127830 113 LDI00 LMD
logaeatation des conts (Hilliers PCHL): 10020 19488 SO OIS1 M NS nNne Wi e i
Lugseatation beaelfce uot (Hilliers PCPL): {151 HIC I Qe W s IS LTI (T L I [ [T S P |
sy
Ssperlice (R 1 U el 1226 1) 1% N 111t} wmn i
Tust 4'asdoption cumslatititha): IR 5.) 1. 15.% 1.4 W} PHR HE R H B!
Iugaestation beaetice brat(milliers PCPAI:  BSODL 16000 JO00G4  SOGESE  O3ST O T0MENE ISIND MMND O TANEE 420184
Lugaeatatios des couts (illiets PN B047S IO 2ITLEDSROSY DN 4NN SILLE S40BED SS0N) 85T
Iugaeatation besefice nat (Milliers PCPEI: 28456 41260 00240 1S0007  1O00O% 21466 239627 N0 1LY SN
dug.beaelice brut(milliers § 08): e ] 3% 1600 1 1092 14 10 1996 LT H1
Lagsentatioa cost(Uilifers § 381 08 02 m 113 un 148 1046 ! 1He H s
n 14 M 11} 1"

deg.beoelice net (Milliers § U8): 1] 1] 15 hil) $02 m
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TAOLLAC 2.5 BLALTSE BCONONIQUR DX LA ROTATION ARACHIDE-EIL-LLACIDE MR STRATE BT MR AN,

CONPQSLNTLS M2 STHTE vitrn
[JURTISIH EY B 1 1] i ) i i M [T il u [ 1]

Caetlicieat 4'adopticn de buae: .00
SN
Coellicient 4'adaptico ajuste: 0.90
Tour d'adoption canlatitiAhal: 0.0 0.0 0.0 6.0 0.t 0.0 0.0 0.0 0.0 0.0
Superlice () " ] ] [] [} [] ] 0 0 0 0
lughestation becefice bruttmilliers ICH): [] ] 0 ¢ [} 0 0 ] 0 ¢ ]
dugaeatation des couts {Mailiers FCPA): 0 ¢ ] 0 [] [} [] [] [] L] []
dugeestatioc beaefice oet (Milliers PCRL): ] [] [] 0 ] 0 0 0 ] [] 0
$Iti 2
Toef{1cieat d'adogtion ajuste: [
Tavx d'adoptios cusslatititiai: 0.0 8.0 6.0 0.0 0.0 0.0 0.0 0.0 0.8 0.0
Supertice i) W ] 0 ] ¢ 0 0 0 0 0 ]
lugaeatation beaefice brut(Millyers FCH): 0 [ 0 0 [] ? 0 0 0 0 ¢
Lugaestatios des couts (Rilliers PCHI): [} ] [] [] ] 0 ¢ [} ] [] [}
Lugaeatatios beoefice aet (Killiers ICHL): ] [] [] 0 0 ¢ ] 0 ] 0 ]
ST )
Coefticieat d'adopticn ajaste: .10
Taus d'adoptios cumvlatifidbal: 0.0 6.0 0.0 0.0 0.0 0.0 1.0 1.1 [N] $.)
Sapertice (Ma): 1288 0 ] [] ] ] ] 1) n % i
lugaeatation beowtice brutiMilliers PCHA): ] [] ] ] 0 0 ] N 1) 18 HIH
Lugaeatation des coots (Nilliers PCRA): 19 0 [] 0 ] 0 0 i} S 1Y 1224
Llugeestation beoefice net (Hilliers KCPA): § 0 0 ] 0 0 ] i 12 i) §1
SThATE
Coeflicteat d'adoptics ajuste: .30
Tacs d'adeptico cunclatititBu: [ 6.0 0.0 0.0 0.0 0.0 1.0 1.1 (R} 10.4
bupezfice thi: 154 ] 0 0 [} ] [] 10 i i n
lugaestation beoefice bratiMilliers PCHiS: 3 0 0 0 0 0 ¢ 183 ns 163} 380
lugaectation des coats (Williers PCHA): 12 0 ] ] 0 0 [} 1 11 58 133
lugaeatation beoefice aet (Nilllers PCH): 7 [] 0 0 0 0 [] n 150 1] 0t
STUTL S
Coefticient d'adoptics ajuste: 0.00
Taux ¢'adoptios cosvlatafibial: 0.0 0.0 0.0 0.0 0.0 ¢.0 0.0 0.9 0.0 9.0
Superfice (Ra): 1456 ] 0 0 ] ¢ [} [} ] 0 ¢
lugaeotation beoefice prattmilliees PCHI: 0 ] 0 0 0 [} 0 ] [] ] 0
dugaeatation des ceuts (Nplliers PCFA): 0 0 ? 0 ¢ 0 0 0 0 ] 0
duguestation beaefice set (Milliers 2CHI: 6 ] [] [] 0 0 0 0 0 0 ]
STTL 6
Coeflicient d'adcpticn ajuste: 0.00
Tauz d'adoption cuaslatifftial: 0.¢ 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Supertice (i} 11} [ [ 0 ) ? [] 0 0 ] [}
dugaeotation beaefice Srut(Milliers PCPA): [} ] [] 0 0 0 [} [} [} 0 []
lugaestation des couts (M1lliers ICH): ] 0 L] [} 0 0 0 ] 0 0 ¢
bugacatation benefice get (¥illiers FCIA): 0 [] 0 0 [} 0 0 0 ] ] ]
n?
Coeflicient d'vdcption ajuste: 0.00
Taur 3 adoptise comslatit(dag: 0.0 0.0 0.0 8.8 0. 0.0 0.0 0.0 0.0 0.0
Supertice (M) 102 L] 0 ] 0 0 [] [] [} [} 0
dogaeatation desefice brutiNilliers PP ] 0 ] 0 0 0 ¢ 0 ] ] 0
bugueatation des couts (Killiers FCHI): 0 ¢ 0 0 0 0 0 0 0 0 ]
Lupsestation beoslice set IMalliers PCHI): 0 ] 0 ] 0 0 0 [] 0 0 ]
smin
Cotfficiest 4'adeption ajuste: 0.00
Tour 4'adoption cusulatif(Va): 0.8 0.0 0.0 0.0 0.0 6.0 0.0 0.0 0.0 0.0
Superlice (Ra): u ] 0 ] ] 0 0 0 0 0 0
Iugaeatatios deaefice bratiMilliers PCIA): ] 0 [] 0 0 ] 0 0 ] ] [
Iugaeatation des couts (Nilifers FCPA): ] 0 [] 0 0 0 0 [] b ] [}
dugaeatatin beaefice aet (Filliers FCH): [] ] 0 ] 0 0 0 [} 0 ] ]
ST S
Coeflicfest d'adoptics ajuste: 0.00
Taar 4'adoption cusalatifidfal: [N 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Superlice (Ra): 108 [} [] [] 0 ] ] ] ¢ [} 0
logaeatation Beaefice brat(Milliers FCHI): 0 0 ] 0 ] ] 0 ] ] ¢ ]
lagaeataton des couts (Mallists FCIL): 0 0 0 0 0 0 0 ] 0 [] ]
dogaeatation besetice net (Williees ICHD: ] 0 0 ] ] 0 0 ] 0 0 ¢
Uiy
Supertice (Nt ()] ] ] 0 0 0 0 3] [H] 10 it}
Taor 4" sdoption cumulatifithe): 0.0 9.0 0.0 0.0 0.0 0.0 0.4 0.! 1.4 IR}
lugaestatios desefrce brot{Milliars FCHY: [} ] [} 0 [} ] (3 S VT T 1 | LI 1] 1)
bagneatatios des couts {Nilllers ICHAL: 0 0 [} ] 0 ] M 15! 11 it
lugaeatation beaetice aat (Nilliers PCHI: [ 1 0 0 0 0 W m D
dug.banelice Brutiuilliers § 08): 10691808 0 [} [} [} 0 ] H § 10 i
Leguentatios covt(Eilliers § USI: MRS H 0 ] 0 ] ] 0 1 ] ] 1

dug.benallce pet (milifora § 08): W0« 1§08 ] [] ] [] ] []
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TABLRIV .5 ($O1780: ILALYSE BCONONIQUE OF L) ROTATION ARACRIDE-NIL-ARACHIDE MR STRATE 1T PAR AS.

COIPOSANTES D STUTL

Wil oy Buoal ot By oun o uwn o uan
Coefliciest 4 adoption de base: 2.60
12173 B
Coefficrent d'adoptaon ayaste: 0.80
Taur d'adoptics cemulatilidmel; [N 0.0 0.0 0.0 0.9 [A] 0.0 0.0 0.0 [A]
Supertice (Is): 1 0 [} 0 [] ] [] ] ] ] ]
dugaestatioa beselice brutililliers PCH): ] L] ] 0 ] ? [ 0 ] []
lagmestation des couts (Nilifers PCIL): [} ] 0 [} [} [ 0 0 | ]
bugnestation besefice aet (M1)liecs PCHAI: ] 0 ] [} 0 0 ] ] ] ]
ST
Coetfacient d'adoption ejuste: 8.00
Taus 4'adoptics camslatif(the): 6.0 0.0 0.0 0.0 6.0 0.0 0.0 0.0 0.0 [N]
Superfice ih): N 0 [] 0 [] [] [] [] ¢ ] 0
bugaeatatios besefice brutintiliers FCNY: [J ] ] 0 ] 0 ] ] ] ]
bugasatation des couts (Eilliera FCTM): [ ! ¢ 0 ! 0 ] ] ¢ 0
dugaeataticn beselice net (Mlliers PC): [] 4 ] 0 ) ] ] ] ¢ 0
B
Coatticiest d'adoption ajuste: .10
Teun d'adoption cunnlatitivhai: 114 0.1 (7% O 175 S L N { T 9% T £ 130 1 05 T T I B T IR
Supertice (Baj: 1248 HY 14 111 un Ik N JUS 304 1338 3
bogmectation besefrce bracfUtlllers FCP:  $992 12500 26388 88397 69310 1T MM BT 4110 1)
degrentation des couts !Milliers PMCNY: “n LD L L O B T R TP N T 3T T T ST V3 N #3111 3] B 31 (}
dogaentation besefice set (filliers FCAL: 1% n STHE 11997 LGl 1811 17089 INED O 1S6E 1
3413/ W]
Cocfliciest &'adoptics ajuste: 1.8
Taux 4'adoption cunulatititial: BN F2O% TS V0 TX R (£ 2 TS D0 TS 6T TN SRS 176 B 11 0 I [T R 1 WY |
fupertice iha): 154 12 (3] 1088 1) s 1156 0 HH it un
Augaentatioc besefice brutimilliers PCPUI: 7905 17830 J0GI4 00930 105976 119839 118934 130006 133188 138
lugaentation des covts iMplliers ICH): PR L1 D S 1 £ 1 T ¥ YT 112 RS L 1 SO 17 { A T4 S |V P - ST £ 3
bugnettaticn beoefice net (Millyers PCTAI: 1406 353 Meb 1000 NI A0 WM HS10 ey 1M
3134 1
Coefticient 4" adoption ajuste: .60
Taur d'adoptise cumalatititia): 0.0 ¢.0 [N} t.2 0.0 ¢.0 ¢.0 0.¢ 0.0 0.0
Supertice {Ia): s ] ] b 0 0 H [] 8 [} 0
bugaestation deontice bratiMillzers PCH): 0 [ ] L] 0 0 9 [} ] [}
Augaestatioc des couts (mlliers PCTAG: ¢ L] ¢ [] ] ] 0 ¢ 0 0
Lugneatation besetice set {NKilliers ICM): 0 ] ] ] ] 0 ] 0 ] ]
131 7% B3
Coefficiest d'adoptioe ajuste: [R]]
Tar ¢'adoption camlatstivhl: 0.0 e.¢ 0.0 0.0 (K] 6.¢ 0.0 [ K] 0.0 0.0
fupertice (ha): Il ] 0 ] ] [] t ] ] t t
dugnentation beaelice brotimilltars ICHI: ] ] ] ] ] [ t [] ¢ ¢
dugentation des couts tHillers PN 0 ¢ ? ] 0 0 [] ¢ ] ]
lujaeotation becefice cet {Miiliers ICILI: 0 0 ] [} ¢ [] ¢ ] ¢ ¢
12TV )
Coefficient &'sdoption ajuste: 6.8
Taus d'adoption camulatstitlon: 0.0 6.0 6.0 0.4 [ 9.0 3.0 0.0 0.0 0.0
Supertize b)) n: [} t ] [} 0 1 ] t 0 t
bugnectotion besefice beat(Milliers PCHAY: ¢ [] ] 0 [] ] 0 0 ] ¢
degaestation des couts (Miiliare ICMA): 0 0 ] ] ¢ 0 0 ] 0 ]
dugseatstion besefice net (Nilirers PCTAY: ] ] ] ] 0 ] [} ] ] ¢
st
Coeltfcient d'suvpuica ajuste: 0.00
Teur €'adoption cunulatif (8a): 6.0 [R] (K] 6.0 0.0 (K] 0.0 0.¢ 0.0 (N}
Swpertice (Ka); a3 ¢ ) 0 ] ¢ ] ] ] ¢ ¢
dugaeatation benofice drat(milliers 1CTM): ¢ ] ] ¢ ] ¢ ¢ 0 ] ]
Jugaentation des conts {Williers PCTL): 0 0 [] [] ¢ ] ] 0 ¢ 0
lugaratation baaefice aet (Milliery ICNM): [] ] ] ¢ ] t t ] [] ¢
11103 )
Coeflicreat d'odoptice ajuste: 0.90
Taur d'adoption cuanlatitithal: 6.0 0.0 0.0 6.0 0. 6.0 6.0 0.¢ [N 0.0
Supertice (N} T} t t ] ] t ] [} t ¢ t
lugseatatios beaefice brutimilliers PCIL: L] [} t ] [] [] 0 ] [} ]
bugaentatios des couts (Xilllers ICPA): ¢ ¢ ¢ ] ¢ ] 0 [] ] ]
Jugnentation besefice net (Billiers rCHI: ] ] ] ] ] ] ¢ [] ] 0
Uy
Supertice (hi: O in 1016 un iin S5 on 13} e 0798 {1
Teur 'adoptios comvlatitibal: 1.8 16.0 I A LR PR R L7 RS 1 T 1% O U1 7 B 1N S (T}
bugeentotion besefice bratimilliers FCPLY: 13060 30CRL 5000 149331 DISHEG10133S IMDT 6313 100001 JsM
dagaentation des couts (M1lliers rCH): OO 15002 3033 TN 9D M0 103660 104491 108)81 148780
dvgaestation besefice aet (Mlliers FCMAI: 2903 LT T O [ IS [ B T3 1) S LT3 T S VLT I VS A 1 IR P10}
dog.beaefice brut(Nilliers § 03): Joo (i 100 i il HT 31 13 M o [1H]
Lugneatatios coutiNilifers § US): 106 b3 §) 1m HT 0l n MM i 151 i1
dug.benelice not (Midliers § 05): et 1 H 1 LH 121 111 m 14¢ 141 Hl
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TABLIAO J.6: ABALTSE BCORONIQUE OB LJ COLTURE DE SESANE PAR STRATE KT PAR AN,

CONPOSAITES P2 STNATE viLgit

1V {8411 Y B (L] i) il s i il ut iy ' B
Coetficient d'adoptica de dase: .00
124134 81
Canfticioct d'adoption ajuste: 4.0
Tauz ¢hadopticn cvmalatitithai: 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Supertice tla: 1978 0 0 ¢ 0 ] ] 0 ] 0 0
bugseatatics decelice dratiMilliers FCH: ] [} 0 0 ] L] 0 0 0 0 0
Avgsestaticn des couts (Milliers FCHL): 0 0 0 0 0 0 [] ] [] 0 0
bugaeatation beaefice aet INilifers ICHAY: 0 0 0 [} ] ] 0 0 0 ] [}
STTL 2
Coelticrent 4'adoptian ajuste: $.00
Taor ¢'adoptios cuselatif(\Bal: 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 8.0 0.0
Superfice (Ma): (1} 0 0 ] 0 0 0 ] 0 0 0
bugasotation besefice brut{Rilliers FCIAI: ] 0 L] 0 0 0 [] ] ] ] 0
Lugaeatatioz des couts (Nilliers PCIL): 0 0 ] 0 0 0 ¢ 0 0 0 ]
dugnentation baselice aet (X{lliers ICNL): 0 0 ] ] ] 0 0 0 0 0 0
sTtutt )
Confficient d'adoptica ajuste: 1.0
Tasz d'adoption cumvlatifibial: 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.9 1.4 1.
Supertice {Mat: 1] 0 0 ] [} 0 ¢ 1) 1 i n
bugneztaticn benefice druttmilliers FCH): b | 0 0 0 0 0 0 in n 13480 H1H
dugseztation des couts (Killiers PCHA): " 0 [ 0 0 0 0 11 m 59) 1010
bugsectatisn besefice ot (Milliers PN 13 ] 0 0 0 0 ] 1% [} m un
ST
Contticient ¢'adoption ajuste: 1.00
Taer 4" adopticn cusulatifinGal: 0.0 0.0 0.0 0.0 0.0 0.0 0. 1.1 14 i
Superface thi: 1919 0 ] ] 0 0 0 ] 1 i 1
Augaeatatior beaetice bratiilliers ICH: H] 0 5 ¢ 0 0 0 31 (3} i 1841
bogaestaticn des couts (Eilliers ICM;: ! ] 0 ] ] ] 0 (1] 154 30 i
Lezeeotation besefice net (Milliers ICTA): I 0 ] ] ¢ 0 0 Y (11} Y] 1431
Mt s
Coelticiest d'adsptice ajuste: 1.9
Tiu $'adoptioe caawlatifinbay; 0.0 0.0 0.0 0.0 0.0 0.0 0.6 1.1 1.1 1
fopertize (fa): 1 ] 0 0 ] 0 ] 1 b} §) 120
bugaeatatice becelice brut(milliers KIL): (1] 0 0 ¢ 0 0 ¢ 1% 1 Uy SId
Lagaentatian des couts (Nlliers ICNL): 1 0 0 ] ] 0 0 131 1 (1)) 1631
dugseatation bazefice aet IMrlliars ICHL): b} L] ] 0 0 L] ] 829 10 1982 m
STUTL 6
Coetfrcieat d'edsptice afuste: 118
Taux 4'adoption cumslatifithar: 0.0 0.8 0.0 0.0 0.0 0.c 0.9 1.} [R] 1.}
Superfice () i ] ] 0 0 0 0 1 Y] 1 i
dugaectation deaeltce drut(Nilliers ICTL): N [] ] [] ] 0 ] m HY 113 ny
dugmestation des couts (Ktlliers ICHI: 1 [] 0 0 0 ] 0 [} " 198 ()}
Lugaentation benefize oet (§1lliers ICILY: N ] 0 0 0 ] 0 13 1) 9 197
[34 904 3
Saetticrest dtadeption ajuste: 300
Tier d'adoprion cunnlatitivias: 0.0 0.0 8.0 5.0 0.0 0.9 0.0 0.0 0.0 0.0
Sspertice Ua): (1] 0 0 0 ¢ ] [} 0 0 4 0
Augaectatice beaefice Sratimlitars PCPA): 0 0 0 0 ] 0 0 0 0 0 ]
dugnestation Jus couts (Niliters PCHL): [} [] [] 0 [] ¢ [ 0 0 0 0
dugaeatatacs beselice not imillters ICHI: 0 ] 0 [} 0 ] 0 4 0 0 0
T ¢
Coetlicient 4 adoption ajuste: 0.00
Tous d'adoption cunulatifitie): 9.0 38 6.0 0.0 0.0 0.0 0.0 [N] 0.0 0.6
Saperfice () 83 ] ] 0 ] ? 0 0 0 ] ]
fugaeatation beselice bratinilliors PCPA): L] 0 [] [} ] [} ] ] ] ] ]
dogneatation des cowts (Milliers PCHA): 0 [} [] ] [] 0 0 0 L] [] 0
bugaentation desefice set (Nilliets PCH): ] ] ] 4 0 0 [} 0 0 ) []
13413 { I ]
Coetfrcient d'adoptica ajuste: .00
Tour 4 adoption casnlatsf (NLa: 0.0 0.0 0.0 0.0 vl 0.0 0.0 1.4 3.1 (W}
Supattice (Ra): 1 ] 0 ] [} 0 ] 11 b} [} [}
Jugaeatatioa besefice brotidillters ICHA): [} ] ] ] 0 0 ] " 102Y 01 on
Jugnentation des couts (Nilliers PCH): " ] ] ] 0 ] 0 15 3] (1% un
bugnestation beartice oot (Nilllers FCMA): i 0 ] ) 0 ] ] bl m 140} )
U i
Sapertics (hai, it 0 ] 0 0 ] ] 11 1 ] 3]
Taus d'adeption conalatitithal: 0.0 0.0 0.¢ 0.0 .0 0.0 0.3 0.9 1.4 3.8
bugneotatios benefice bratiXilliers FCN): [] ] ] ] [ 0 188 (11} ([ (1}
bugnuatation des conts (Billiers MCNM): ] 0 ] [] ] ] 11 1342 154 [}
begaentatios beselice aet (Milliers ICNM): 0 ] [] ] [} ] 1599 I 081 1y
bug.beselice dratimilliecs § 05): PLI O W Wt ] L] 0 0 [} 0 ] 15 i 5
Lageentatios costibilliers § 05): o180 ] ] ] 0 ] 0 1 { l} 11

hog.basetice aet (Milllers § 05): J00 ¢ 1§08 ] ] 0 0 0 ] ] 10 0 [{]
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TABLIIV 3.6 (SUITRI: LEALYSE BCORONIQUE OE L1 COLTVEY DI SESANE PAR STRATE 1Y PR AN,

CONPOSARTES Pu $TRATE
I D mne s ow o ouan oun ouan

Coeffrciest d'adoption de base: 1.00

e )

Coetficyent d'adcption vjuste: .00

Taue 4adeptics cenlatitinga): IR 6.0 6.0 6.0 0.0 0.0 0.0 0.0 0.0 0.6
Swpertice (ha): 1978 0 0 [] 0 ] ] 0 ¢ 0 []
dugaectation besefice druttdriliers 7CTL): ¢ 0 ] [] ¢ ] 0 ] ¢ ]
bugnectatior dea couts (K3llrers PCMY: 0 0 [] [] ] 0 [] [] ] ¢
bugaeatatioo benafice net «Uflliers PCPES: ] [] b} ] [] 0 0 [] [] ]
[ 151 g

Coetfizrent 4 adoptise ajuste: 0.6

ey dadoptices cusdatit Vbl 0.0 0.0 t.0 0.0 0.0 6.0 0.0 6.0 6.0 6.0
Sapertice (Ral): il [} 0 0 ] 0 0 0 0 ¢ 0
diguentatica beoefice brutibilliers FCR): ¢ ] 0 ] 0 0 [} ] 0 ]
bugaectatior des couts (Milliers PCHL): 0 0 ] 0 0 0 0 ¢ 0 ]
Augaeotation Seaefice aet (Hilliers I1CN): [] ] 0 ¢ ¢ ¢ 0 0 0 []
124734 0]

Coatticieat 4'sdoption a)uste; .0

Taur d'adoptica cumelatit (M) .1 $.d 1.0 .4 55.1 6.1 %) 10.5 1.4 [T
Scpettice (Ra): 1509 1 " [BL m 190 i 1929 1038 3] un
Jugnestatios besefice brutiWtlifers PCPAI: WM L L T I 11 A V1 ¥ Y A 1YL B Y [ 1 R 1 YT TR I T D R 1Y 1 ]
luganatation des couts {Hiiliers PC): 132) MY 617 116 200y 806 M 0 01 0180
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ANNEXE [ VALEUR ECONONIQUE DU PROJET BT ANALYSE DB SENSIBILTS.

TABLEAY £.1: VALEUR ECONOMIQUE DU PROJET (Nilliers de § US) (1)

RUBRIQUE
EXTREES
buy. de besefice brut, association mil-niebe
bag. de bepefice brut, assolement ail-niepe
dug. de bemefice brut, rot.arachide-ail-arachide
Aug. e benefice brut, culture de sesame
10740 ZATREES

SORTIES
COUTS DE PRODUCTION SUR L'EXFLOITATION
lugaeacation de cout, association mil-njebe
lugaentation de cout, assolement mil-niebe
Augnentation de cout, rot. arachide-sil-arachide
Augaentation de cout, culture de sesame
CoUTS TOTA0X SUR L'EIPLOITATION
CouTs DU PROJET
Couts du capital (financement AID):
Assistance techaique
Foraation court-terne
Yehicules
tquipenent de recaerche
Equipenent de bureay
Keubles
Cogstruction
laprevus 9.1
Sous total
couts recurrests ificancement AIDI:
salaires
staff professiopnel
staft d'appui
Botretiep des vebicules
Pournitures de bureay
Location, Eaux & Blectricize, Entretien
Fournitures de recherche
dctivites cooperatives de recnerche

Evaluations
Iaprevus 0.10
Sous total

Couts recurrents ifinancement gouv. du Kali)
Salaires

staff professionpel
staff d'appui
Eatretien des vehicules
Fournitures de bureay
Location, Eaux & Plectricite, Bntretien
Pouraitures de recherche
lctivites cooperatives de recherche
Inprevos 110
sous total
COUTS TOTAUX DU PROJEY
T0TAL SORTIES

AVANTIGRS SOPFLENENTAIRES METS inet cash flow)

YALEUR NETTE ACTUALISEE & 12% Y COUT O'OPPORTUNITE DU CAPITAL (Milliers 5US):

TAUL DE RENTABILITE BCONCEIQUE (V) =
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RATIO AVANTAGES NETS-INVESTISSENENTS L 12% DU COUT 0°0rPORTUNITE DU CAPITAL

{1) Bffets directs uniquement
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ABNEXE L: VALEUR SCONOXIQUE DU PROJBT ET ANALYSE DE SEXSIBILTE.

TA3LEAY K.1 (SUITE): VALEUR BCONONIQUE DU PROJBT iNilliers de § US)

RUBRIQUE LD AL ALY AL ANLS AN AN 1T M1 MY AR

BNTREES
lug. de cenafice trut, asscciation mil-piete 532 1133 e o800 38 3399 i LD A il
Auj. de benefice brut, assolement ail-niebe 185 518 1000 1545 2092 2362 151) 1536 2643 2670
Au;. de benefice brut, rot.arachide-sil-arachide {1 [ b Y {08 Ll 638 13 ] 840 83l
Mg, de cepefice brut, culture e sesame 109 M 123) 28 1230 1443 1952 1605 1640 1858
210 ENTREES 1025 N 1999 3341 1058 i 310! 192 §354 319

SGRTIBS

coUTS DE PRODUCTICON SUR L'SIPLOITATION

Augnentation de cout, assaclation mil-niebe {9 37 1699 20ds 1302 il 165 i 1508 1518
Aujmentation de cout, issolement mil-niebe N m 108 1137 1485 1646 1147 1403 1§ 1883
dugaencation de cout, rot. arachide-sil-arachide 29 53 113 Ul 191 12§ W1 LY 51 18]
duzaentation de cout, culture de sesame N 62 120 1] 358 1F3] (41 {76 (1] 191
COUTS TOTAUX SUR L'EIPLOITATION [11] 1161 1598 1749 4416 1809 5013 5121 5119 5l

CCUTS 2U PROJE?
Cauts du capital (fizancement AD):
Assisrance technique
Foraation courc-terae
Yenizules
Equijement de recaerche
Equipenent de bureau
Yeubles
Coastruction
Inprevus 0.10
Sous total
Couts recurrents ifinanceaent AID):
Salaires
Staff professionnel
Staft d'appui

Botretien des vebicules
Fournitures de bureau
wocatisn, Eaux & Electricite, Batretien
Posrnitures de rechercae
Activites cooperatives de rectercae

Evaluations
Iaprevus 0.10
Sous total '

louts recurrents ifiaincement jouv. Ju Malil
Salaires

Staff professionnel
Statf 4'appui

Eotretien des vebicyles

Pournitures de byreau

Location, Baux & Blectricite, Entretiea

Tournitures de recherche

Activites cooperatives de recherche

Inprevus 0.10

sous total

COUTs TSTALT DU PROJET
T0TAL SORTIES 688 1)61 1598 114 16 4808 5013 5121 5179 5311

AVANTAGBS SUPPLENENTAIRES KETS (net cash flov) i 671 131 9 1632 931 08 im 315 J28










