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ABSTRACT
THE EFFECTS OF INTERACTIONS BETWEEN TECHNOLOGY, INSTITUTIONS
AND POLICY ON THE POTENTIAL RETURNS TO FARMING SYSTEMS
RESEARCH IN SEMI-ARID NORTHEASTERN MALI
By

Bruno Henry de Frahan

This study evaluated the expected production impact of farming systems research
(FSR) in the Region of Mopti and examined the potential effects of improving the
institutional and policy context on the expected return to FSR. The study relied on
reconnaissance surveys, a single-visit survey, and interviews with farmers, key research
personnel and agents of the rural community services, which were conducted between
June 1987 and December 1988 in Mali.

The program for the FSR team was designed by first ranking the commodity
components according to their contribution to efficiency, equity, security and
sustainability. Then research areas were selected according to the biophysical and
resource endowment constraints of the farming systems, the technological components
available from on-station research, and the market and institutional constraints of the
farming systems of the Region of Mopti. Farm budgets for current practices and for
technologies that FSR could develop were evaluated both in financial and economic
terms. Expected diffusion paths of these potential technologies were estimated using
historical data on animal traction adoption in the project area. The expected internal
rate of return (IRR) to FSR alone is estimated at 2% and is unstable with respect to
changes in yields, output and input prices and diffusion parameters. If the FSR project

were limited to adapting and transferring results currently available from station research



under the current market and institutional environment, the project would not be
economically viable.

Simulating additional public investments such as on-station research, more-
developed extension and credit institutions, marketing system improvements and fiscal
policy reform indicates that the IRR can be increased up to 26%. The interactive effects
between complementary public investments are strong and suggest that policy makers
first should focus on reforming fiscal policy and improving the marketing system before
investing jointly in on-station research and FSR. Credit and input supply are important,
but investing in extension should be delayed until improved technologies are available
from the agricuitural research system.

The findings of this study also provide suggestions for the organization of
agricultural research in Mali: a strong coordination between FSR and on-station
research, a focus on marketing and credit constraints, and technological development
directed towards low-input and risk-reducing innovations for staple foods and cash crops

with market potential.
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CCCE Caisse Centrale de Coopération Economique (French Economic
Cooperation Fund), France.

CEC Commission of the European Communities.

CESA Commission Nationale de Suivi et d’Evaluation de la Stratégie
Alimentaire (Food Strategy Commission), Mali.

CFA Communauté Financiére Africaine (Financial Community of
Western and Eastern Francophone African states, except Guinea
and Mauritania).

CFAF CFA Francs (Currency unit of the CFA Zone).

CIF Cost, Insurance, and Freight.

CILSS Comité Inter-Etats de Lutte Contre la Sécheresse au Sahel
(Organization of Sahelian States for Coping with Drought).

CIRAD Centre International de la Recherche Agronomique et de
Développement (French Research Institute), France.

CMDT Compagnie Malienne de Développement des Textiles (Malian
Company for the Development of Textiles), Mali.

CNAUR Commission Nationale d’Aide d’Urgence et de Reconstruction
(National Commission for Emergency Aid and Reconstruction),
Mali.
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Division Administrative et Financiére (Administrative and
Financial Division), IER, Mali.

Division de la Documentation et de I'Information (Division of
Documentation), IER, Mali.

Division des Etudes Techniques (Division of Technical Studies),
IER, Mali.

Division du Machinisme Agricole (Agricultural Mechanization
Division), Ministry of Agriculture, Mali.

Direction Nationale de ’Agriculture (National Direction of
Agriculture), Mali.

Direction Nationale de I’Action Coopérative (National Direction of
Cooperative Organizations), Mali.

Direction Nationale de la Statistique et de I'Informatique (National
Direction of Statistics and Computing), Mali.

Division Planification et Evaluation (Division of Planning and
Evaluation), IER, Mali.

Direction Régionale de I’Agriculture (Regional Direction of
Agriculture), Ministry of Agriculture, Mali.

Division de la Recherche Agronomique (Division of Agronomic
Research), IER, Mali.

Division de Recherches sur les Systémes de Production Rurale
(Farming Systems Research Division), IER, Mali.

European Development Fund.

Fonds d’Aide et de Coopération (French Development Fund),
France.

Fonds d’Aide et de Développement, France.

Farming Systems Research/Extension Project, Mali.
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German Development Agency, Germany.

International Crop Research Institute for the Semi-Arid Tropics.
International Development Research Centre, Canada.

Institut d’Economie Rurale (Agricultural Research Institute), Mali.
International Livestock Centre for Africa.

Institut National de Recherche Zootechnique, Forestiere et
Hydrobiologique (Zootechnical, Forestry and Hydrobiological
Research Institute), Mali.

Institut de Recherche en Agronomie Tropicale (Tropical
Agronomic Research Institute), France.

International Service for National Agricultural Research.
International Union for Conservation of Nature, United Kingdom.
Michigan State University, USA.

Non Governmental Organization.

Opération pour le Développement de I’Elevage 2 Mopti (Mopti
Livestock Development Organization), Mali.

Opération de Développement Intégré des Productions Arachidieres
et Céréalieres (Integrated Groundnuts and Cereals Development
agency), Mali.

Opération de Développement Rural (Rural Development Agency),
Mali.

Opération Haute Vallée (Niger River Upper-valley Development
Authority), Mali.

Office Malien du Bétail et de la Viande (Livestock and Meat
Agency), Mali.

Opération Mils de Mopti (Mopti Millet Organization), Mali.

Office du Niger (Niger River Irrigated Agricultural Development
Agency), Mali.

Office des Produits Agricoles du Mali (Agricultural Marketing
Agency), Mali.
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Opération Péche de Mopti (Mopti Fish Organization), Mali.

Opération de Production de Semences Sélectionnées (Improved
Seed Production Program), Mali.

Opération Riz de Mopti (Mopti Rice Organization), Mali.
Opération Riz de Ségou (Segou Rice Organization), Mali.

Office Statistique des Communautés Européennes (Statistical
Agency of the European Community), Mali.

Oxford Famine Relief (British NGO).
Point d’Appui de Recherche (Local Research Station), Mali.

Projet d’Inventaire des Ressources Terrestres (Land-resource
Inventory Project), Mali.

Petits Périmetres Irrigués Villageois (Small Village Irrigation
Areas), Mali.

Programme de Restructuration du Marché Céréalier (Cereals
Market Restructuring Program), Mali.

Semi Arid Food Grain Research and Development.
Systeme d’Alerte Précoce (Early Warming System), Mali.

Société de Crédit Agricole et d’Equipement Rural (Agricultural
Credit and Input Distribution Agency), Mali.

Société Malienne d’Etudes et de Construction de Matériel Agricole
(Malian Agricultural Mechanization Company), Mali.

Société Malienne des Produits Chimiques (Malian Chemical
Products Company), Mali.

Société Nationale de la Recherche Miniere (National Company for
Research on Mining), Mali.

Section de Réglementation et Contrdle des Semences Sélectionnées
(Seed Selection Control), IER, Mali.

Section de Recherche sur les Cultures Vivrieres et Oléagineuses
(Food Crop and Oilseed Research), IER, Mali.
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1. INTRODUCTION

The potential contribution of agricultural research to increasing production in
Africa is a central element of the broader discussion on agricultural development in
Africa being conducted by African governments and the donor community. The high
payoff to agricultural research found in most parts of the world suggests that technical
change has the potential to relieve the food deficits experienced by many African
countries, which have seen their populations grow at twice the rate of food production
between 1970 and 1985 (Eicher, 1988). However, many studies have shown that the high
payoffs to agricultural research crucially depend on infrastructure, institutions, and
policies that support the generation and transfer of new technologies (Daniels et al.,
1990, p. 37). This observation is particularly appropriate for African countries, where
institutions and infrastructure are weak in many cases. Consequently, there is a need to
examine carefully the potential contribution of agricultural research before committing
the scarce human and financial resources of these countries to technology development.
Extension, input and output markets, credit institutions, and economic forces, such as
fiscal, monetary and trade policies, are all factors that may affect the transfer of
technology. In addition to these institutional and policy factors, studies also show that
the failure to organize research effectively and to analyze farmer constraints
systematically in the design of research programs have hampered the effectiveness of

agricultural research (DAI, 1982; Murphy, 1983).
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2
Based on an ex-ante evaluation of a farming systems research (FSR) project in

Mali, this dissertation examines to what extent these factors may affect the production
impact of FSR. This investigation is useful to identify and develop an appropriate
research program and to design the implementation of that program. As a case study,
this dissertation underscores the need to examine carefully the factors that may affect
the potential return to investments in agricultural research and provides guidelines on
how to address this issue for eventual investments in agricultural research in Mali and in
other African countries. This chapter presents the objectives, context, research methods,

and organization of this dissertation.

1.1. Study Objectives

The general purpose of this study is to evaluate the expected production impact of
farming systems research in the Region of Mopti and to examine how complementary
public investments or policy changes might lead to increases in farm production. Major
emphasis is on how effective the investments are in improving farm productivity,
although effects on equity, security and sustainability at the farm level are also
investigated. This study also examines the expected institutional impact of FSR on the
national agricultural research system and draws implications for the organization of the
Malian agricultural research system.

More specifically, the objectives of this study are to:
1.  develop a method to estimate ex-ante the return to an FSR project and

complementary investments;
2.  identify a research program for FSR to relax the major constraints faced by farmers

in the project area;
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3

3. estimate the return to the FSR program and examine the stability of the rate of
return vis-a-vis the underlying assumptions;

4. identify additional institutional improvements and policy reforms required to
complement FSR, in order to improve the overall performance of the production
system; and estimate the returns to these complementary investments and the
interactive effects between these investments and FSR;

5. propose an appropriate role and organization of a) FSR within the national
agricultural research system and b) complementary rural institutions, such as
extension and credit.

The conclusions of this dissertation can be useful to other countries deciding on
how to strengthen their national agricultural research systems and contribute to the
current debate concerning the relevance of the FSR approach to technical change. The
research method used for this study can provide useful guidelines to evaluators involved
in estimating ex-ante the production impact of an agricultural research program,

particularly FSR.

12, Background Problem Statement

12.1. Institutionalization of Systems Research in the Malian Agricultural
Research System

The need for farming systems research in Mali emerged in the late 1970s, when it
- became clear that the technologies extended by the rural development agencies (ODRs)
were often inappropriate to the agroclimatic and socio-economic constraints faced by
farmers and that the results of station research needed to be adapted to farmers’ specific
circumstances. At the 1976 international colloquium on farming systems research held in

Bamako, a consensus emerged on the need to create a bridge between commodity
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4
research and the ODRs, in other words, 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 Agricultural Research (CNRA), and again in 1978 during a
seminar on the "Improvement of Animal Production Systems". The Farming Systems
Research Division (DRSPR) was officially institutionalized within the Agricultural
Research Institute (IER) in 1979. The DRSPR became the institute’s sixth division
alongside the Division of Agronomic Research (DRA), the Division of Technical Studies
(DET), the Division of Planning and Evaluation (DPE), the Division of Documentation
and Information (DDI) and the Administrative and Financial Division (DAF).

Farming systems research in Mali began in 1977, earlier than its formal
institutionalization, in four study villages around Fonsébougou in the eastern part of the
Region of Sikasso (southern Mali). This FSR project is known as the Fonsébougou Unit
of the DRSPR. With Dutch funding and technical assistance, this unit expanded its
research activities to include several other villages in the Regions of Sikasso and Ségou.
Parallel to the development of the Fonsébougou Unit, another FSR Unit was created in
the area between Sikasso and Bougouni in the western part of the Region of Sikasso
with funding and technical assistance provided by the International Development
Research Centre-Canada (IDRC) since 1980. Technical assistance to this Unit, known
as the Bougouni-Sikasso Unit, was discontinued in 1988. In 1986, the US Agency for
International Development (USAID) contributed to the installation of the DRSPR’s
Bamako offices, the training of Malian researchers, and the launching of the division’s
research activities in the Region of Bamako, an area already served by the Niger River
Upper-Valley Development Authority (OHV). This third FSR Unit is known as the
OHYV Unit.
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5
Nine years after its creation in 1979, the DRSPR in 1987 had 14 national and 14

expatriate researchers out of a total of 153 national and 32 expatriate researchers within
IER. The Division of Agronomic Research (DRA) is by far the largest division, with 101
national and 15 expatriate researchers in 1987, 66% of the total for IER (ISNAR, 1990,
P- 26). In 1987, the DRSPR had an operating budget of 310 million CFA F, of which
272 million CFA F (88%) was provided by The Netherlands, IDRC, and USAID
(Ministere de I'Agriculture, 1988). In the same year, the DRA had 989 million CFA F
(3.5 million US dollars) at its disposal, of which 604 million CFA F (61%) came from
external sources (principally CIRAD-France and USAID through ICRISAT and
SAFGRAD). In terms of financial resources per scientist (nationals and expatriates
combined) the DRSPR received a larger allocation than the DRA. In 1987, the DRSPR
had 11.1 million CFA F (39,600 US dollars) per researcher while the DRA had
approximately 8.5 million CFA F (30,400 US dollars) per researcher, or 23% less per
scientist. The large external funding of IER’s operations suggests that Mali has not yet
achieved a consistent long-term government commitment to agricultural research.

In Mali, France was the first to fund agricultural research, on cotton in 1925 and on
rice in 1932. In 1962, two years after independence, the Malian government assumed
administrative control of agricultural research with the creation of IER, which it placed
under the Ministry of Agriculture. French support and influence remained at a high
level, although research emphasis gradually shifted from cash crops to food crops.

Since the creation of IER, the government of Mali has established additional

research institutes. The second largest research institute after IER is the National

! Equivalent to 1.1 million US dollars at $1 = CFA F 280, excluding technical
assistance costs and equipment purchased overseas.
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6
Institute for Zootechnical, Forestry and Hydrobiological Research (INRZFH), created in

1981 and staffed by 66 researchers in 1986 (ISNAR, 1990, p. 12). Initially under the
Ministry of Environment and Livestock, this institute is presently being integrated with
IER. Three other institutions are conducting research: the Central Veterinary
Laboratory (LCV), with a research staff of 26 persons; the Livestock and Meat Agency
(OMBEVI), with a research staff of 50 persons; and the Agricultural Mechanization
Division (DMA) of the Ministry of Agriculture, with 10 engineers in 1986 (ISNAR, 1990,
Pp. 12-15). These five research institutions constitute the "active” agricultural research
system in Mali and, with the educational institutes (the Rural Polytechnic Institute-IPR
and the teacher training school-ENS, neither having the financial resources to conduct
research), include about 337 researchers. By this account, the Malian agricultural
research system is the largest in francophone sub-Saharan Africa (ISNAR, 1990, p. 24).
Initially complementing France in supporting the Malian agricultural research
system, USAID progressively became the major contributor in the 1980s (Casas, 1987, p.
4). USAID began targeting its support to the development of technologies appropriate
for the less favored regions of central and northern Mali through cooperative research
programs with the International Crop Research Institute for the Semi-Arid Tropics
(ICRISAT) and the Semi-Arid Food Grain Research and Development (SAFGRAD).
While the objective of the ICRISAT program was to conduct applied research on station,
the objective of the SAFGRAD program was to test technologies developed on station in
the rural environment. Because the conditions and selection criteria on station were
quite different from those of farmers in their own environment, the top-down
SAFGRAD approach from experiment station to farmers did not, however, yield the

expected results. Consequently, the ODRs had few appropriate research results to offer
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farmers. For these reasons, USAID in 1985 made the decision to assist the DRSPR in

expanding and conducting its research activities in other zones.

1.22. Expanding the FSR division into the Region of Mopti

The general objective of USAID’s assistance to FSR is to provide institutional
support to IER to develop and transfer technologies appropriate to the needs and
environment of Malian farmers. For the first phase of this program, USAID proposed
supporting the DRSPR in expanding its activities from southern Mali to the OHV zone.
The second phase of this program includes an expansion of the DRSPR to the Region of
Mopti. Throughout the two phases, USAID wants to help IER build the institutional
capacity to conduct FSR, particularly by improving linkages between research and
development and by training researchers.

Over the course of the 10-year period anticipated of the program, the USAID
contribution will cover (USAID, 1985):

- technical assistance (US $ 6.14 million, 32% ),

- training of researchers (US § 1.84 million, 10%),

- contributions to national and regional offices (US § 1.01 million, 5%),

- equipment (US § 1.42 million, 7%),

- operational expenses (US $ 3.52 million, 18%),

- 10% in contingencies,

- an allowance for 5% inflation.?

2 Estimated at US $ 1.39 million or 7% of the total budget.
? Estimated at US $ 4.18 million or 21% of the total budget.
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USAID’s proposed contribution to recurrent costs would gradually decrease: 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, of which $ 19.5 million (92%) will be contributed by
WUSAID and $ 1.8 million (8%) by the government of Mali.

The total cost of expanding the project to the Region of Mopti is § 5.73 million,
27% of the total project cost, of which § 5.24 million (91%) will be borne by USAID and
$ 0.49 million (9%) by the government of Mali. A multidisciplinary team of researchers
comprising four Malians (agricultural economist, sociologist, agronomist and livestock
scientist) and two expatriates for four years (agronomist and agricultural economist) is
anticipated for the expansion of the DRSPR into the Region of Mopti.

However, because the agroclimatic, socio-economic and institutional constraints
appeared more binding in the Region of Mopti than in the OHV zone, an in-depth study
was deemed necessary to establish the feasibility of this expansion. In particular, the
climate of the Region of Mopti is semi-arid, with rainfall between 300 mm and 600 mm,

which severely limits the production potential of the region. In addition, few
technologies at the station level are available and appropriate for FSR to adapt and
transfer to producers. Poorly developed infrastructure and institutions may further
hamper the diffusion of new technologies. Finally, IER’s ability to sustain an expanded
SR program in the near future is questionable.

The feasibility study of the expansion of the FSR division into the Region of Mopti
Was carried out in Mali from June 1987 to December 1988 and reported in Henry de
Frahan et al,, 1989. This dissertation builds on the feasibility study. It will emphasize
the factors that are likely to affect the return to FSR in Mali and address the question

raised by IER and USAID concerning the economic return to investing Mali’s scarce
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resources and USAID’s funds in activities that are complementary to agricultural
research.

This evaluation of the return to agricultural research, investigation of the factors
affecting that return, and the drawing of implications on the roles and organization of
agricultural research and supporting rural institutions come at a time when the
government of Mali is drafting a 12-year strategic plan for agricultural research. Other
nations in Africa are similarly concerned about the need to strengthen their capacity to
carry out agricultural research. The World Bank’s Special Program for African
Agricultural Research (SPAAR) is exploring these same issues, in addition to questions

related to the sustainability of research institutions and the division of research tasks

between regional and national research centers.

13. Research Methods

The research supporting this dissertation was conducted under the Mali component
Of the second phase of the USAID-financed "Food Security in Africa Cooperative
Asgreement." The agreement aims to analyze both country-specific and more general
€lements of the food security problem in the different sub-regions of the African
Continent, through comparative analysis of the food and agricultural sectors of a number
of African countries. Food security has been defined as the ability of "a country or a
region to assure, on a long-term basis, that its food system provides the total population
access to a timely, reliable and nutritionally adequate supply of food" (Eicher and Staatz,
1987, p. 216). Central to the concept of a food security strategy is the idea that "the
interaction of technological change, institutional reforms, and macro-level policy [can

overcome] food production and marketing constraints" (Crawford et al., 1988). This
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dissertation focusses on how the agricultural research system in Mali can facilitate
technological change within the institutional and policy context of the country.

This research originated of the request from the Malian agricultural research
institute (IER) to USAID to expand FSR to the Region of Mopti. IER and USAID
asked Michigan State University (MSU) to carry out the feasibility study for this
expansion. According to the terms of reference of the feasibility study, the primary
objective was "to provide an estimate of the investment costs of an expansion of the
farming systems research project, and expected benefits in the form of output growth and

increased productivity and incomes in the Region of Mopti. This study will also consider
factors affecting the returns to agricultural research in general, and the Mali FSR project
in particular (i.e., agricultural pricing policy, marketing, and the relationships between
technology and food security)." This section presents briefly the organization of the field
work, the techniques used for collecting primary and secondary data during the field
‘work, and finally an outline of the core methods chosen for carrying out the financial and

economic analyses.

13.1. Field Work Organization
The study began in June 1987, with a budget of $230,000 and an expected duration
of 18 months. The study team consisted of an agricultural economist from MSU (author
of this dissertation), two IER researchers (one M.S. agricultural economist and one
agronomist with an M.S. degree), a junior agronomy consultant (with a B.S. in
agricultural sciences) and a data entry expert (with a B.A. in economics). The team was
formally integrated into the IER farming systems research division and regularly involved

in the planning and evaluation meetings of the division and in the IER National
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Specialized Commissions (CTS). The study benefited from the professional advice of

two Michigan State University professors (Dr. Staatz and Dr. Crawford), and intellectual
and logistical support from IER and the USAID mission in Bamako. Logistical support
comprised one all-road vehicle, 4 motorcycles, and an office equipped with a micro-
computer. 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 Region of Mopti
was carried out by the director and the deputy director of the Mopti Livestock

Development Organization (ODEM) under the guidance of the evaluation team.

132. Field Activities

The bulk of the field work consisted of the identification and ranking of the
constraints affecting the productivity of the major farming systems of the project area
and the determination of a research program for FSR. Several reconnaissance surveys

were used to identify homogeneous agroclimatic zones and delineate three farming
Systems: agropastoral, pastoral and fishing. The agropastoral system was further sub-
divided in three sub-systems: rainfed, flooded and recessional.

A combination of formal and informal surveys was used to identify the production,
marketing and institutional constraints affecting the productivity of the major farming
Systems of the area. The formal survey was a single visit survey designed mainly to
identify the biophysical and technical constraints to crop production that affect the
rainfed crop-based farming and pastoral systems. The formal survey was designed on the
basis of a rapid reconnaissance survey of the area. A disproportionate stratified
sampling procedure was used, selecting first the agroclimatic zone, then the farming

System, and finally the equipment level. The reconnaissance survey indicated that these
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three variables affect the organization of the farming systems. At the last level of
stratification, a sample of 316 farm households from 34 villages was randomly selected.
For each household, three questionnaires were administered: one to the head of the
household, the second to a wife, and the third to a male dependent. The questions
addressed to the wives and male dependents were specifically designed to determine the
allocation of labor and land among these two groups and the use of agricultural inputs
and production. The choice of the wife and the male dependent within the household
was left to the four enumerators who carried out the survey. Most of the questions from
the three questionnaires were multiple choice, while only a few were open-ended. None
of the questions included the estimation of cultivated area, labor inputs and production
outputs because of insufficient personnel.

The informal surveys included group interviews with farmers, and interviews with
key research personnel and agents of the rural community services (civil administrators,
extension and agricultural credit agents, farmer cooperative agents, non-governmental
organizations’ personnel, farm input suppliers, and traders). All the informal surveys
were conducted by the evaluation team (agricultural economists and agronomists). More
details about the field work will be provided in the following chapters.

These surveys and additional secondary data provided the basis for designing a
research program for FSR in the Region of Mopti. An evaluation criteria approach with
a combination of efficiency, equity, security and sustainability research objectives was
used to rank the commodity components of the research program. Research areas were
selected according to the biophysical and resource endowment constraints of the farming
systems, the technological components available from on-station research, and the

market and institutional constraints of the farming systems of the area. Key commodity
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and disciplinary researchers, FSR practitioners and high-level extension technicians
thoroughly reviewed the research program. These discussions and a literature review of
the recent results from experiment stations indicated technical packages that FSR could
develop in the short term. These packages provided the basis for estimating the

production impact of the FSR project in the Region of Mopti.

133. Analysis

A literature review of the methods that currently exist to evaluate ex-ante
agricultural research programs was used to frame the methodological approach of this
dissertation. Although no method specifically designed for carrying out an ex-ante
evaluation of FSR was found in the literature surveyed, methods of varying degrees of
sophistication are available to set priorities in agricultural research. The literature
review on priority-setting for National Agricultural Research Systems (NARS) in
Appendix 1 compares four types of techniques:

1)  The scoring or weighted criteria model, which can include congruence
analysis, the domestic resource cost (DRC) ratios approach and checklists;

2)  The expected economic surplus model, including benefit-cost analysis;

3) The mathematical programming approach;

4)  Simulation techniques.
Among these techniques, Norton and Davis (1981) suggest that weighted criteria
models, expected economic surplus models and simulation models are the most helpful in

identifying and quantifying factors affecting progress in agricultural research. These
three techniques will be used in this study.
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First, evaluation criteria will be used to narrow the list of alternative commodities
and research areas to be included in the FSR program. Second, the expected economic
surplus approach will be used to evaluate the FSR program by measuring society’s gains
from a shift in supply induced by, for example, the use of new technologies by producers.
Third, simulation techniques will be used to measure the relative changes in society’s
gains from a shift in supply or demand induced by other types of investments, such as
improvements in the institutional and policy environment of FSR. These three
techniques comprise the methodological approach for this dissertation. Details about the
adaptation of these techniques to the purpose of this dissertation will be specified as

they are used. A summary of the successive methodological steps is provided in chapter

8.

14. ion of i

The remainder of this dissertation is divided into seven chapters. Chapter 2
presents the agroclimatic, socio-economic and institutional characteristics of the Region
of Mopti and its farming systems. This chapter also identifies the major constraints of
these farming systems. Chapter 3 presents the conceptual framework for the study by
synthesizing the current literature on the roles and contributions of different institutions
involved in generating and transferring agricultural technologies, particularly in farming
systems research. The chapter suggests that the factors affecting the institutional and
production impact of FSR be used to guide the analyses that follow. Chapter 4 develops
a research program for FSR, including both commodity components and research areas,
under different efficiency, equity, security and sustainability criteria. Chapter 5 evaluates

the technologies that FSR could develop, in terms of financial profitability, riskiness and
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economic efficiency. Chapter 6 estimates the potential impact of FSR on increasing
farm production, primarily on the basis of efficiency and equity, and ranks the major
factors affecting the returns to FSR. Chapter 7 examines the production impact of
diverse combinations of investments which complement FSR and the interactive effects
between these investments and FSR. In this chapter, an investment strategy is proposed
for the Region of Mopti. Chapter 8 summarizes the main findings of the dissertation
and their implications for a regional investment strategy for increasing agricultural
production. Additional implications for the role and organization of agricultural
research, FSR and extension in Mali and in other parts of Africa are drawn. Chapter 8
concludes with suggestions on how to conduct ex-ante evaluations of agricultural

research, particularly FSR.
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2. FARMING SYSTEMS IN THE REGION OF MOPTI

This chapter presents: 1) the agroclimatic characteristics and the populations of
the Region of Mopti, 2) the production, markets and institutional environment, 3) the

principal production systems, and 4) the main constraints to these production systems.

21. A ic Ch ristics and Population

Figure 2-1 shows the location of the Region of Mopti (or Fifth Region) in Mali.
The region has a diverse agroecology: the seasonally-inundated inland delta of the Niger
River, the Bandiagara plateau, and the broad Seno plain which stretches from the
Bandiagara cliffs to the border of Burkina Faso. The region covers 77,800 square
kilometers and has a population of 1.26 million people (Table 1 of Appendix 2-A).

In the southern part of the region, the climate is sudano-sahelian, with a long-run
average of 600mm of rainfall annually at Djénné. Moving to the north, the region
becomes sahelian, with rainfall between 200mm and 400mm at Douentza and Ténenkou.
However, the records for the period 1977 to 1987 show a significant 10-30% reduction in
rainfall and in the number of rainy days relative to these long run averages (Table 2 of

Appendix 2-A). The length of the rainy season has also shortened, now to covering the

period from late June to early September.

16
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2.1.1.  The Delta

The Delta is a partially inundated plain comprised of three geographic sub-zones
(Figure 2-2). To the south, the active delta extends from the Bani River to lakes Debo
and Korientze and is subject to annual flooding. To the north is the lacustrine zone
characterized by lakes, pools, and elongated dunes. On the periphery of these two zones
is the inactive delta, which has dunes, sandy plains, bush pasturelands, and areas of
sparse vegetation (Thom and Wells, 1987).

Both the intensity and timing of flooding as well as the amount of area inundated
vary from year to year. In Mopti, the long-run average of the peak flood is 700 cm; 82%
of the time the flood fluctuates within 45 cm of this average (ibid., p. 331). Although
this variation may not seem large, the slope of the delta is so low that the flooded area
can vary a great deal from one year to the next. The height of the floods has decreased
considerably, particularly in the last decade. For example, the maximum height of the
Bani floods at the Mopti station was 538 cm for the period 1981 to 1986 as opposed to
700 cm for the period 1968 to 1971 (Ministere de I’Agriculture, 1986). Because the land
is flat, the extent of the flooding has varied dramatically.

The Delta has an area of 35,889 square kilometers and a population of 606,000
inhabitants, or about 46% of the land area and 48% of the population of the Region of
Mopti (Henry de Frahan et al,, 1989, p. 38). The population is concentrated in the
active delta and the lacustrine zones, which are among the most densely populated
portions of Mali. The estimated density is 35 persons per square kilometer. The
availability of water, the relatively fertile soils, and the presence of pastures have made
these two zones attractive for human settlement. In contrast, the population density in

the inactive delta is less than 10 persons per square kilometer.
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~ The principal agricultural activities in the Delta are crop production (primarily rice
and millet), livestock and fishing. Rice cultivation, an ancient activity, is practiced under
either natural or controlled flooding conditions. The rainfed crops, i.e., millet, sorghum,
cowpeas and groundnuts, are cultivated on the elevated land of the Delta. Flood
recession agriculture is practiced in the northern, low-lying part of the Delta, which is
also an excellent pastoral zone because of its dry-season pastures. These pastures are
made up of an herbaceous forage plant, called the "bourgou™ (Echinochloa stagnina),
which is the root of the word "bourgoutieres” or the areas of dry-season pasture in the
Delta. Following the recession of the flood, herders migrate to the "bourgoutiéres”.
During the Niger and Bani floods the herders return to the non-flooded areas, which
provide wet-season pasture. Fishing is principally practiced in the middle and upper
parts of the Delta. The town of Mopti is an important commercial and administrative
center for this area, with a population of 74,000 inhabitants (Ministere de

PAdministration Territoriale et du Développement a la Base, 1987).

2.1.2.  The Seno Plain
The Seno is a vast plain ranging from 250m to 300m in altitude (Figure 2-3). To
the north, the plain is bordered by an area called South Gourma, characterized by rocky
outcrops ringed with dunes. The Bandiagara escarpment constitutes its northwestern
frontier and Burkina Faso is the Seno’s southeastern border. From north to south the

Seno plain appears as parallel successions of smooth sandy dunes followed by sandy-silt
plains.

4 Fulani word meaning flooded plain.
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The Seno plain and South Gourma cover over 33,695 square kilometers, or 43%
of the area of the Region of Mopti. These two areas are inhabited by 473,000 people.
The density is 14 persons per square kilometer, which is slightly lower than the regional
average of 16 persons per square kilometer. The population of the Seno plain and South
Gourma is 37% of the total population of the Region of Mopti (Henry de Frahan et al,,
1989, p. 38).

Within the Seno plain there are two sub-zones: the Seno-Mango® in the northeast
and the Seno-Gondo® in the southwest. The Seno-Mango zone is essentially
agropastoral, with annual rainfall between 200mm and 400mm. The rainfed crops
cultivated include millet, cowpeas, groundnuts, sesame, fonio and Bambara groundnuts.
During the dry season, the Seno-Mango also serves as a transhumance zone for the
animals from the Delta and the cultivated parts of the Seno plain. Like the Seno-
Mango, the Seno-Gondo is essentially a zone of mixed farming with the same rainfed
crops. However, the Seno-Gondo benefits from a higher level of rainfall, ranging from
400mm to 700mm. Despite its limitations in soil fertility and rainfall, the Seno-Gondo is
considered the millet granary of the northern part of the country and primarily supplies
the markets of Bandiagara, Mopti, Gao and Timbuktu. Sheep and goats are more

important than cattle in this area.

2.13. The Dogon or Bandiagara Plateau
The Bandiagara plateau essentially extends over the administrative "cercle" of

Bandiagara, with a general elevation between 300m and 600m. However, there are some

% Fulani word meaning large plain.

¢ Fulani word meaning plain of Gondo, a village in the plain.
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valleys at between 150m and 300m and some rocky peaks rising to as high as 800m. The

plateau covers an area of 8,219 square kilometers and has a population of 183,000. The
population density is 22 persons per square kilometer, which is the highest density in the
rainfed area of the Region of Mopti with the exception of that of the town of Mopti
(Table 1 of Appendix 2-A). The area of the plateau represents 11% of the region, and is
home to 15% of the region’s population (ibid., p. 39).

Only 22% of the total land available on the plateau can be cultivated (Chef de
Secteur de Développement Rural de Bandiagara, personal communication, 1987). The
land is cultivated with millet, cowpeas, groundnuts, fonio and Bambara groundnuts. The
Yamé river crosses the plateau from southeast to northwest. The tributaries of the
Yamé and flooded low-lying areas provide numerous opportunities for dry-season

vegetable gardens. Small ruminants are more important than cattle in this area.

22. Production, Markets, and Institutional Environment

First, this section shows the importance of the regional production in crops,
livestock and fish relative to the national production. Second, it presents the regional
institutions involved in technology generation and transfer. Third, the section concludes

with the major regional characteristics of the agricultural, livestock and fish product

marketing.

22.1. Primary Sector Production
a) Agricultural Production
Estimates for the period 1974-88 (OSCE, 1989) indicate that the Region of Mopti

produced on average 18% of millet and sorghum grown in Mali (Table 3 of Appendix 2-
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A). In the region, millet and sorghum were planted on an average of 280,000 hectares
(or 24% of total area cultivated to millet and sorghum in Mali) and yielded an average
of 178,000 tons annually for the period 1974-88. Thus the average yield was 650 kg/ha,
or 76% of the national average yield in millet and sorghum. While no significant trend is
observed in area and production of millet and sorghum at the regional level for the
period 1974-88, there are significant positive trends at the national level for both area
and production. From 1974 to 1988, the share of the region in millet and sorghum area
has decreased by 1.3% every year and the share of the region in millet and sorghum
production has decreased by 0.7% every year (Table 3 of Appendix 2-A). Regional
maize production contributes only one percent to national maize production (ibid.).

Of an average of 182,000 hectares of rice cultivated in Mali, about 74,000 hectares
(41%) were in this region for the period 1974-88 (Table 4 of Appendix 2-A). Regional
rice production was on average 60,000 tons (or 27% of national rice production). On
average yields remained low (about 770 kg/ha on average, or 64% of the national yield
in rice) despite efforts to improve flood control and transfer modern inputs. No
significant trend is observed for area and production of rice at the regional and national
levels from 1974 to 1988.

Legume production is important in the region. Cowpeas are generally
intercropped with millet. Groundnuts and Bambara groundnuts are generally cultivated
in pure stands on small plots. Sesame and Guinean sorrel are also cultivated. The
Bandiagara plateau is a major production area for vegetables. Onion production is
estimated at 20,000 tons a year (Traoré et al., 1988). Onions from this area can be

found in many markets in Mali and in surrounding countries.



of cat

count
mpor

Géne;

of cat

Durir
or 4
dropy
anny;

MOp{

ad g

Prags;




25
b) Livestock and Fisheries

Between 1977 and 1987, the Region of Mopti had an average of 1.21 million head
of cattle (23% of the Malian cattle herd of 5.4 million) and 2.16 million head of small
ruminants (20% of the Malian goat and sheep herd of 10.8 million). The drought of the
mid-seventies and, more dramatically, of 1982-84 severely reduced the livestock
population (Table 5 of Appendix 2-A).

The region is a major exporter of live cattle to Burkina Faso and the coastal
countries, principally Cote d’Ivoire. In the 1970s these exports were enough to cover
imports of both agricultural products and manufactured goods into the region (Direction
Générale du Plan et de la Statistique, 1977 and 1981). Since then, however, the number
of cattle and small ruminants exported has declined (Table 6 of Appendix 2-A).

The Delta is one of the most productive in-land fishing areas in West Africa.
During the 1970s the annual regional catch was approximately 90,000 tons of fresh fish,
or 90% of the national catch (Table 7 of Appendix 2-A). Since 1983, the fish catch has
dropped to 60,000 tons. Marketed production has fallen even more dramatically, at an
annual rate of 13% from 1977 (7,700 tons of smoked and dried fish from the port of

Mopti) to 1986 (3,700 tons) (Table 7 of Appendix 2-A).

222. Regional Organizations in Technology Generation and Transfer
a) The Regional Agricultural Research Stations
The Region of Mopti has two agronomic research stations that are under IER.
Based in Mopti, the rice research station works on the improvement of the deep-water
and floating rice varieties through varietal selection, hybridization, weed control, cultural

practice development, and on-farm testing. Since the West African Rice Development
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Agency (WARDA) transferred the station to IER in the mid-eighties, the research

program has slowed because of insufficient operating funds. One consequence of this
has been the loss of a germ plasm collection of the local Oryza glaberrima species.

Members of the agricultural research sub-station known as PAR ("Point d’Appui
de Recherche"), located in the rainfed Seno plain, conduct trials under the supervision of
the Cinzana regional research station. In the same area, the Semi-arid Food Grain
Research and Development (SAFGRAD) organization conducted on-farm tests of
technologies recommended by the IER Division of Agricultural Research (DRA)
between 1979 and 1988.

The National Institute for Zootechnical, Forestry and Hydrobiological Research
(INRZFH) manages a hydrobiological laboratory in Mopti, which conducts surveys on
fishing and fish consumption with the technical assistance of ORSTOM. INRZFH also
has a sub-station which conducts research on forage.

b) The Regional Development Organizations

In the early 1970s the government, on a national scale, expanded its support of
agricultural development from the irrigated rice and cotton sub-sectors to the rainfed
areas. Several regional development organizations (ODRs) were created. These ODRs
were responsible for input delivery and for providing marketing services (in collaboration
with public marketing boards) and extension advice. With the advent of market
liberalization in the early 1980s, the marketing boards for agricultural inputs and food
crops have been gradually eliminated or re-organized and private sector traders have
been encouraged to play a greater role in these markets. As a result, the role of the
ODRs has been modified to center more on technical advice and infrastructure

investment and maintenance.
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The government has located four regional development organizations in the Region
" of Mopti:

1) ORM (created in 1971), the Mopti Rice Organization, is responsible for rice
production systems in the Delta;

2) OMM (created in 1972 but no longer in existence), the Mopti Millet
Organization, was charged with millet development and extension activities
in the Seno and Bandiagara areas;

3) ODEM (created in 1975), the Mopti Livestock Development Organization,
is responsible for animal and pasture improvement throughout the region;

4) OPM (created in 1986), the Mopti Fish Organization, is responsible for the
development of fish production, processing and marketing.

Presently, two of the four ODRs are fully operational with external funding. ORM
and ODEM have funding from the French Economic Cooperation Fund (CCCE) and
the World Bank. OPM operated with some European Development Fund (EDF)
financing. OMM has been recently restructured into a Regional Direction of Agriculture
(DRA), but has had no external funding since USAID ceased its financial and technical
assistance in 1984 because of mismanagement at the organization’s headquarters.

ORM has expanded the water-control systems of dikes and sluice gates. These
systems do not, however, provide a guarantee against insufficient flooding. As a result of
the low rainfall and flooding levels of the last decade as well as inappropriate technical
packages, ORM has not been able to increase rice production. ORM has, however,
been successful in extending animal traction among rice growers using the water-cogtrol

system: 40% of the ORM rice growers adopted plows between 1975 and 1985 (ORM,
1987).
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Compared to the two other ODRs producing rice in Mali, ORM is probably the

least efficient in producing and processing rice as reflected in the subsidy it receives to
market its production. The subsidy received by ORM during the 1986-87 season to align
the price of locally produced rice with that of imported rice was 44 CFA F/kg. This
subsidy is greater than the 28 CFA F/kg subsidy at the Niger river irrigated agricultural
development agency (Office du Niger) and the 21 CFA F/kg subsidy at the Segou Rice
Organization (ORS) (Ministere de ’Agriculture, 1987, p. 99). Since the 1987-88 season
none of these ODRs has received subsidies.

Cast in the integrated rural development model between 1979 and 1983, OMM was
successful in distributing substantial quantities of seed fungicide, fertilizer and animal
traction equipment.” Yields on average rose by 15%, from 502 kg/ha in 1979 to 586
kg/ha in 1981 (USAID, 1985, A-29). OMM has also participated in the on-farm trials
carried out by SAFGRAD. Since 1984, when USAID withdrew funding, OMM has cut
back on both activities and staff. However, when OMM was integrated into the DRA of
Mopti in 1988, it still had 250 agents charged with providing extension services and
collecting agricultural statistics.

ODEM has primarily concentrated its activities on livestock production (veterinary
services, vaccination facilities, wells and water holes, slaughter houses, marketing centers,
pasture reseeding, and sales of feed concentrates and salt slabs). ODEM’s new program

includes research on the possibility of farm-level integration of livestock and cropping

activities.

7 In the late 1970s, OMM was the largest buyer of the fungicide Thioral (4.78 tons in
the 1979, the peak year). Between 1973 and 1982, OMM sold 6,183 plows of different
categories a<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>