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ABSTRACT

AN ECONOMIC ANALYSIS OF THE COMPETITIVENESS OF ALTERNATIVE
RICE PRODUCTION SYSTEMS: THE CASE OF BAS-FOND RICE
PRODUCTION IN MALI-SUD

by

Georges Dimithe

Facing increasing food shortage, Mali’s government needs to identify a cost-
effective strategy to boost domestic production of rice. Given the high costs of
expanding the existing government irrigated schemes, policy makers require information
to assess the potential of expanding bas-fond rice production and its competitiveness.
This study fills this gap using secondary and primary data. The primary data were
collected from a random sample of 334 production units selected from a purposive
sample of 12 bas-fond villages in Mali-Sud, during the cropping season 1996-97. Ineach
production unit, one rice farmer was monitored throughout the cropping season.

The study used logistic regression models to identified factors associated with the
adoption of "improved" varieties, herbicide and fertilizer. A quadratic regression model
was used to determined factors affecting rice yields. Standard budgeting techniques are
utilized to assess the profitability of bas-fond rice production systems, and economic
budgets and policy analysis matrices are used to analyze their competitiveness.

The study identifies the major socio-demographic and agronomic characteristics
of bas-fond rice production. In particular, farm-level data analysis indicates that 98

percent of the farmers manually plowed their rice fields and few farmers puddied their



fields. Most farmers broadcast their seeds on mud (86%) and weeded at least once
(91%). About 48 percent used herbicide and 42 percent used chemical fertilizer,
predominantly on "improved" varieties.

Logistic regression outputs indicate that the presence of a water control
infrastructure and the village experience in cotton production increase the likelihood that
farmers will plant "improved" varieties. However, female farmers, small plot size and
village distance to the closest market decrease this likelihood. Similarly, the presence
of a water control infrastructure, the village experience in cotton production, and planting
"improved" varieties increase the likelihood that farmers will adopt fertilizer application.

Bas-fond rice yields are low (1.2 mt/ha) and variable. Still, put together, all bas-
fonds rice production represents a significant contribution to domestic rice production.
A linearilized quadratic regression equation identifies the major determinants of yield.
Factors associated with higher yield included herbicide application, presence of water
control infrastructure, and seeding rate. Insect attacks, water stress, weeding date after
planting, and nitrogen x region interaction decreased yield.

The study identifies four most frequent bas-fond rice production systems and
shows that all these systems are not only financially profitable, but they are also more
profitable than the main upland crops (maize, cotton, and sorghum/millet) competing
with rice for farmers’ labor. In addition, economic analysis shows that Mali has a
comparative advantage in producing rice in these bas-fond rice production systems and
not in selected the intensive government irrigated schemes. Finally, the study

recommends future research directions.
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CHAPTER ONE
INTRODUCTION

1.1. Problem Statement and Importance

Up to 1972-74, Mali was almost self-sufficient in cereals (Diarra, 1994).
Following the major droughts in 1972-74, Mali became a large importer of food,
including rice, and recipient of food aid (Appendix 5). Although, the situation appears
to have improved since 1992 with respect to rice, the government is seriously considering
further investments to intensify rice farming in order to boost domestic production. This
interest has been reinforced by policy-makers’ concerns about the future of the rice sub-
sector as they anticipate that rice production and consumption will be affected by both
devaluation and current policy changes designed to increase efficiency. The most
significant of these policy changes is the deregulation of the input supply and marketing
systems which were previously controlled by a public monopoly. These changes
introduce new uncertainties, both to farmers’ and to government’s investments. For
example, the removal of guaranteed pan-territorial and pan-seasonal prices for cereals
could result in changes in farm-level technology and regional production patterns.

There are two basic interrelated ways to bring about the needed increase in
domestic rice production. One way is through macro policy reforms designed to

transform the rice subsector and the entire food system and stimulate broad-based
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economic growth. Such policies are expected to raise real incomes, and/or lower real
rice prices while maintaining incentives to the rice subsector’s participants (i.e., farmers,
processors, wholesalers, and retailers). The challenge for any government is to identify
such policies and to implement them successfully. Historically, government initiatives
designed to achieve these goals focused on policies that artificially raised food prices for
producers and lowered them for consumers through subsidies. However, because such
policies have now become fiscally unsustainable, food market reforms have been
launched in Mali and throughout Africa.

The other way to increase farm-level productivity is through agricultural research
and extension activities that take into account local resources and farmers’ specific
conditions. This dissertation focuses on this second alternative, while recognizing that
increased productivity at the farm-level alone is not enough to achieve a significant boost
in production. The study recognizes that, in order to significantly increase farm-level
productivity, complementary improvements are necessary. Such improvements include
changes in the tax code and better input and output markets, as well as investments to
strengthen marketing infrastructure (i.e., roads linking production and consumption areas,
market facilities, and market information systems).

Currently in Mali, rice is produced as a food and cash crop under various
production systems. Based on the level of water control, input use and production
management, these systems can be classified into three broad categories: (1) government-
managed irrigation schemes in large or small perimeters, with complete or partial water

control and intensive input use, which accounts for most of Mali’s domestic rice
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production, (2) the largely underdeveloped farmer-managed schemes in the bas-fond'
(sometimes referred to as inland valley swamp), and (3) the upland rainfed systems with
varying degree of water control and input use.

To date, the government has focused its efforts to increase rice production on both
expanding the intensive irrigated area and increasing productivity (yield) in these
schemes, primarily because they are seen as an insurance against recurrent droughts.
The government could continue to expand these areas, but the cost of expanding and
maintaining those irrigation systems is extremely high. In addition, in recent years,
issues of sustainability in production have been raised. Furthermore, economic analyses
of the fully-controlled rice production systems in five major rice producing countries in
West Africa including Mali (i.e., Cote d’Ivoire, Liberia, Sierra Leone, Senegal, and
Mali) have repeatedly called into question the emphasis on irrigated rice, based on its
high costs of production relative to imported rice (Leplaideur, 1991). However, this
concern may have changed with the devaluation.

Alternatively, as a complement to rice production from the irrigated systems, the
government could increase rice production by investing in improving the less intensive
systems, especially the untapped potential of the bas-fonds for which there has been a
growing interest among agricultural policy-makers and researchers. Unfortunately, very

little is known about bas-fond rice production. Most existing studies on rice in Mali have

! While the bas-fond is often referred to as a single system, there exists considerable variability of the
production systems within it, ranging from perimeters with little or no water control and no use of
improved technologies (i.e., seeds, fertilizer, herbicides) to perimeters with good water control with
farmers using improved technologies. The term water control refers to any attempt to deliver, retain or
drain water in the field. The type of water control infrastructures varies from simple concrete dikes to
simple dams (see Chapter Four for detailed description of these infrastructures).
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focused almost exclusively on irrigated rice, especially comparative cost analysis and
analysis of milling techniques.

The data required to assess the costs and benefits of these options (i.e., the fully-
irrigated and bas-fond production systems) are only partially available.  Thus, the
government needs information about the production potential and constraints to expanding
alternative systems, as well as their relative profitability and other production
incentives/disincentives associated with each system. With respect to bas-fond rice
production, scientists and government officials need answers to numerous questions,
including: (1) What is the current level of rice production in the bas-fonds? (2) Can bas-
fond farmers produce more rice? In addition, information is needed to assess the
financial and economic profitability of the major domestic rice production systems and
the impact of the policy environment --measured in terms of discrepancies between
private and social products, input costs, and profits-- on production incentives.

To evaluate the rice production potential of the bas-fond, one needs to provide
answers to the following key questions: (a) How does rice fit into bas-fond farmers’
production and consumption strategies? In other words, how important is rice production
and consumption in Mali-Sud bas-fond villages relative to other crops, in terms of area
cultivated and quantity consumed? Would farmers have to and are they likely to change
their crop mix to produce more rice? (b) What are the characteristics of major bas-fond
rice production systems in terms of technologies used, productivity level, and major
constraints faced by farmers (i.e., institutional, technological, natural and infrastructural,

social, and policy-induced)? (c) What determines the current level of intensification and
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what technical innovations, and public and private incentives are needed to relax the
existing constraints and thereby increase productivity?

With respect to the potential for technical innovations, the main questions are: (a)
Are there technologies that have been developed and are being promoted by the research
and extension institutions for bas-fond rice farming and what are their adoption levels?
(b) Are these technologies consistent with farm-level technology needs? (c) What is the
potential for greater intensification through technical innovation?

This study is designed to address these questions. Primary data collection focused
exclusively on the bas-fond rice production system. In addition, the interaction between
rice and other crops competing for the same resources (i.e., mainly labor and capital) are
assessed. Comparisons with the intensive irrigated system are based on data generated
by surveys carried out in a sample of representative bas-fonds, -and the available
extensive secondary data on the government-managed irrigated production systems.

This topic was selected in response to the interest of two primary clients, namely,
the Mali Institute of Rural Economics (IER) and WARDA. Interactions with these
clients revealed considerable interest in developing a better understanding of the
performance of the bas-fond rice sub-sector under the new policy environment, in order
to (1) determine factors limiting productivity, (2) assess the potential contribution of the
bas-fond sub-system for supplying Mali’s future rice needs, compared to alternative sub-
systems, and (3) identify potential public investments required to facilitate expansion of

the bas-fond rice production sub-system.
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In addition, the study directly benefits domestic rice producers, by providing
advice to the research system and policy-makers regarding investments needed to best
relax the constraints facing economic agents in the sub-sector. Finally, consumers
benefit from this research, given that the ultimate aim of the study is to drive down the

real cost of rice by increasing farm-level productivity for rice.

1.2. Research Objectives

The general objectives of this study are three-fold: (1) to provide a better
understanding of the Mali’s bas-fond rice production systems, including the
characteristics of bas-fond production sub-systems and factors that determine their level
of intensification, (2) to analyze and compare the current and prospective competitiveness
of various types of bas-fond rice production systems, and (3) to derive implications for
public and private investments as well as agricultural research in order to boost domestic
rice production. The specific analytical objectives are to:

(i) Provide a brief overview of the overall rice sub-sector, including the
major rice production systems, and the social, marketing and policy
environments within which bas-fond rice production is undertaken.

(ii)  Characterize the bas-fond farming households in terms of demographic
characteristics, equipment and livestock holdings, field type and size,
cropped area, farm-level production for rice and major competing crops;

(ili)  Identify the rice production technologies used for key farming operations,

and generate the corresponding input-output coefficients.
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(iv)  Develop a typology of the major bas-fond production sub-systems.

(v)  Assess the major constraints facing farmers in the bas-fond production
sub-systems, especially with respect to improving the level of water
control, increasing input use levels, and labor demand conflicts between
rice and three major competing crops (i.e., cotton, sorghum, and maize);

(vi)  Identify the major determinants of yield and the distinctive characteristics
of farmers with significantly different levels of input use.

(vii) Determine the input-output coefficients for cotton, sorghum, and maize.

(viii) Develop, analyze, and compare synthetic enterprise budgets for assessing
the financial returns to rice in the major bas-fond production sub-systems,
as well as the returns to cotton, sorghum, and maize;

(ix) Develop policy analysis matrices for major bas-fonds sub-systems and
selected intensive irrigated rice production systems, and discuss the
distortionary effects of policies on production incentives.

(x) Derive recommendations for the research system and policy-makers.

1.3. Conceptual Framework
Conceptually, this research is organized around the farming systems (FSR) and
the sub-sector frameworks. This section briefly presents these two approaches and

highlights how they guided the study’s design and the subsequent analyses.



8
1.3.1. Concepts Definition: The Farming System and the Sub-Sector Approaches

A simple but useful way for visualizing and analyzing a farming system and a

sub-sector is through the food system matrix (Figure 1.1).

Figure 1.1: A Simplified Representation of the Food System Matrix.

PRODUCTION/DISTRIBUTION COMMODITY SUB-SECTORS
FUNCTIONS

Sorghum Rice  Maize Millet Peanut Cotton ...

Input Distribution

Farm~Level Production -4 FSR APPROACH =

Processing
Storage
Assembling
Wholeselling
Retailing
Consumption

- D OHEOmEAN- WS e

Source: Adapted from Boughton and Témé (1992).

The sub-sector approach was originally conceptualized by Shaffer in a series of
papers on economic research (1968,, 1968,, 1968, 1970) and further developed by
Holtzman (1986). The food system matrix (Figure 1.1) graphically represents the food
system as "the entire set of actors and institutions involved in input supply, farming,
processing and distributions of agricultural production” (Staatz and Bernsten, 1992).
Each column in the matrix represents a commodity sub-sector, while each row represents

an individual stage or function in the production and transformation of commodities in
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the food system. These stages are linked by coordination mechanisms such as prices,
quality control, property rights, contracts, and other regulations. Furthermore, research
and extension activities are undertaken at each of the stages. A commodity sub-sector
can therefore be defined as the entire range of activities and services in the production
and distribution of this specific commodity or a group of related commodities (Shaffer,
1968). In contrast, the FSR framework focuses mostly on a specific stage of the food
system, most commonly farm-level production.

In studying any particular commodity sub-sector, one must first determine how
to delineate the system. This process is guided by three fundamental questions: (1) what
is the outer edge of the sub-sector boundary (i.e., what product types --including quality--
are involved and what is the geographical area under consideration), (2) how many of
the functions must be included, and (3) what is the appropriate separation between
different channels of production transformation? In general, these boundaries are drawn
pragmatically, depending of the question being investigated. For this particular study,
the product is bas-fond rice, which is equivalent in quality to broken rice. The

geographical area involved is Mali-Sud.

1.3.2. Fundamental Characteristic of the Sub-Sector Framework

Embedded in the sub-sector concept is a fundamental recognition that there is a
chain of dynamic relationships among the different stages of the food system, which
require coordination for the system to perform efficiently. As a result, focusing analyses

on only a single stage of this system is insufficient because the different stages mutually
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affect each other. A global assessment is therefore required to identify effectively the
weaknesses and strengths of each component of the sub-sector. In this respect, the sub-
sector analysis follows a system approach!. It has both horizontal and vertical
dimensions. The horizontal dimension refers to production units within each particular
stage of the sub-sector where a similar function is or set of functions are performed. The
vertical dimension refers to the vertical coordination of all stages of a single commodity,
or relatively homogeneous groups of commodities associated with the sub-sector. In
addition, the vertical dimension cuts across all stages of the system, where different

functions are performed.

1.3.3. Key Components of the Sub-Sector

The progression of a product from its raw material form to its final forms (i.e.,
consumption stage) in the economy can be differentiated into key structural components.
These components need to be specified in a way that will contribute to the overall
conceptual framework’s ability to facilitate the expected analyses. The key components
of the sub-sector include: the sub-sector functions, its coordination mechanisms, and its
participants.

The sub-sector functions are the sequential steps or transformation from
production through distribution. These functions are typically grouped into input supply,
raw and processed material production, wholesaling, and retailing functions.

Individually, their analysis provides an understanding of the horizontal dimension of the

! A system can be defined as any set of elements or components that are interrelated and interact among
themselves.
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sub-sector structure. Coordination mechanisms link the functions. These mechanisms
are either hierarchical or based on sales in spot markets or through contracts. Their
analysis provides an understanding of the vertical dimension of the sub-sector structure.
Participants in the sub-sector are the actors who perform one or more functions in the
sub-sector and use various mechanisms to coordinate their activities.

These sub-sector functions and coordination mechanisms are performed within
specific channels of product transformation and specific environments. A channel of
product transformation corresponds to any traceable path through the sub-sector’s
production-distribution-consumption sequence. Their aggregation defines the sub-sector
itself. The sub-sector environment is the context within which the functions,
coordination mechanisms, and the participants operate. It is composed of the various
rules, information flows (e.g., level and pattern of distribution), and service institutions
such as input suppliers and rules enforcement institutions. ‘Thus, it determines the type

of relations existing in the system (e.g., contractual, market, barter, or none).

1.3.4. Farming Systems as a Complement to the Sub-Sector

As was noted earlier when stating the research problem, the Mali rice sub-sector
has been fairly well studied, with the exception of its bas-fond component. The study
focuses on the particular cell at the intersection of the FSR and subsector arrows in the
matrix presented in Figure 1.1, and looks at bas-fond rice production within this cell.
However, this research recognizes that what happens at other stages of the rice subsector

affects production at the farm level. It is therefore important to assess how bas-fond rice
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production fits into the broader rice sub-sector, in terms of domestic rice supply sources,
for whom and when the supply is available, and with respect to what rice quality --as
well as how various steps affect farm-level production in the bas-fond.

Indeed, as the national economy goes through the structural transformation
process, the degree of exchange between different stages of the food system increases.
As a result, farmers increasingly demand technologies that reflect their clients’
constraints, opportunities, and preferences. For example, although productivity and
profitability are examined primarily at the farm level, they will depend not only on the
technology’s performance, but also on a wide range of institutions and policies outside
the technology system. Thus, for the rice sub-sector to be profitable at the farmer level,
it must be profitable in cher sub-sector stages (i.e., marketing, processing, and
consumption) as well. Yet, historically, research on rice in Mali has focused on a single
stage, often production or marketing (Staatz and Bernsten, 1992), overlooking
interactions with other stages in the commodity subsector.

Similarly, interactions with other commodities at the same stage are important,
especially because bas-fond fields are cultivated by small-scale farmers who also cultivate
upland fields. While these farmers are still largely subsistence oriented, there is a
pressure on them to become more integrated into the market system. Thus, because they
have diverse objectives and motivations, it is impossible to subsume these multiple
objectives under a single and simple goal such as "increased rice yield in the bas-fond".
Given that bas-fond fields cultivation interacts with upland farming activities, the study

therefore recognizes that the interrelationships which link upland and bas-fond activities
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are a particularly important dimension of the bas-fond agroecosystems. These
interactions are both complementary and competitive. For example, rice may be grown
as a food crop in the bas-fond, whereas crops grown in the upland fields are used for
household income generation. To be able to produce both upland and bas-fond crops,
farmers must deal with the competing demand between their upland and bas-fond fields,
mostly for scarce labor input. Given this context, the FSR framework provides an
effective way to conceptualize and integrate these interactions in the research.

In FSR, farmers are at the center of these interactions, with their needs and
resources of their families intimately linked. Households allocate certain quantities and
qualities of basic types of inputs (i.e., land, labor, capital and management) in a manner
which, given the knowledge they possess, maximizes attainment of the goals they are
striving for (Norman, 1976). The environment in which they operate can be divided into
two parts: the technical elements and the human element (Norman, 1976).

The technical elements determine the type and physical potential of livestock and
crop enterprises that the farmers can engage in. These elements have received most of
the research attention in Mali. Technical elements can be divided into physical and
biological factors. Examples of physical factors include water and soil. Water-related
constraints (i.e., too much or too little water) can be reduced through irrigation with
partial or complete water control. Alternatively, water control problems can be reduced
by breeding plants suitable to the existing water conditions, such as tall varieties that are
tolerant to submersion. Similarly, the soil deficiencies can be corrected through

fertilization to improve fertility, and/or better land preparation to improve its structure.
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Examples of biological factors include crop physiology, diseases, and insect attacks. A
breeding program can be designed to influence these biological factors such as shortening
crop maturity or increasing disease and insect resistance.

The human elements can be subdivided into exogenous and endogenous factors.
The exogenous factors include social norms and beliefs which affect farmers’ acceptance
to changes (e.g.; the view that rice growing is a women’s activity), political and
economic institutions outside the control of individual farmers (e.g.; markets and prices,
input supply systems and extension, credit and input distribution and related policies).
Endogenous factors are those over which individual farmers have some type of control,
such as the amount of land, labor, and capital devoted to a particular crop.

Similar to the commodity sub-sector approach, the farming systems framework
also stresses the need for a holistic approach. The objective here is to increase the
system’s productivity in the context of the entire range of private and societal goals,
given the constraints and potentials of the existing farming systems. Although the FSR
framework is holistic in its orientation and thus not limited solely to the farm-level
production stage, in practice the degree of comprehensiveness of FSR is tempered by
resource availability, including time (Gilbert er al., 1980). As a result, in practice, FSR
has been biased toward introducing bio-technical modifications in the farming systems,
although often there is some recognition that changes in non-technical factors such as
markets, pricing policy, and infrastructure are equally important (Gilbert et al., 1980).

Despite the conceptual differences between the FSR and the sub-sector

frameworks, both approaches emphasize the use of rapid reconnaissance methods as an
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essential step in identifying constraints and research priority (Boughton and Témé, 1992).

Also, both frameworks emphasize the importance of client participation in the design,

development and testing of technologies to relax constraints (Boughton and Témé, 1992).

1.4. Research Hypotheses

This study was guided by the following hypotheses:

(1)

2

3

4

©))

There exits a set of socio-economic characteristics associated with
individual farmers (e.g.: gender, age, education, access to capital,
awareness level, participation in decision making, etc..) that differentiates
between farmers who adopt/do not adopt improved technologies such as
improved seeds, fertilizer, and herbicide.

The existence of a water control infrastructure in the bas-fond is a
necessary but not sufficient condition for technology adoption.

Due to the ineffectiveness of water control, rice production in improved
bas-fonds is economically (i.e., socially) less profitable than in the
traditional bas-fonds (without water control and fertilizer input),
Although maize and cotton production are financially more profitable than
rice production, and sorghum production is financially less profitable than
rice, these crops complement each other in satisfying farmers’ socio-
economic goals.

The bas-fond and the intensive irrigated rice production systems are

complementary in terms of their contribution to the country’s rice supply.
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When transportation costs and tastes and preferences are considered, the
irrigated system has a comparative advantage in supplying urban areas
while the bas-fond system has a comparative advantage in satisfying the
rice requirements of rural areas in and around the bas-fonds.

(6)  The rice production systems (including the intensive irrigated systems) that
are most financially and economically profitable are those that have
benefitted from positive incentives at the farm level, such as subsidies and

technical support.

1.5. Dissertation Organization

This dissertation is organized into eight chapters. Chapter One states the research
problem and its importance, and the study’s objectives, hypotheses, and conceptual
framework. Chapter Two provides background information on Mali’s overall economy,
its agricultural sector, and the rice subsector. Chapter Three presents the research
approach and the data collection method used. Chapter Four identifies and critically
analyzes the major agronomic and hydrologic characteristics of bas-fond rice production.

Chapter Five analyzes the economics of bas-fond rice production from the point
of view of the farmers. In Chapter Six, the returns to rice production in the bas-fond
villages are compared to the returns to cotton, maize and sorghum production --the major
crops competing with rice. Chapter Seven presents a comparative analysis (using
economic enterprise budgets) of bas-fond rice production and a limited sample of

intensive irrigated rice production systems, as well as an analysis of the impact of
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discrepancies between private and social returns to production incentives. Chapter Eight
summarizes the major findings of this study and identifies policy implications for
technical research and policy-makers, notes the limitations of the study, and proposes

future research needed.



CHAPTER TWO
AN OVERVIEW OF THE MALIAN ECONOMY

2.1. The Macroeconomy
2.1.1. A Sluggish Economic Growth Led to Market Liberalization

With an average per capita GNP of $US 270 in 1993 (World Bank, 1995), Mali
ranks among the low-income economies. The country’s GNP has been fluctuating over
time, making it difficult to identify a trend. In the 1960s and 1970s, the Malian
economy experienced continued falling terms of trade worsened by inappropriate financial
and economic domestic policies, and unfavorable climatic conditions that translated into
a stagnating agricultural production, increased food deficit, and a distorted market
environment (World Bank, 1992).

In the 1980s, per capita income declined by 0.1 percent per annum. Total
external public debt as a percentage of GNP more than doubled between 1980 and 1991,
growing from 45.4 percent to 104.8 percent in these two years (World Bank, 1993).
However, the net present value of debt burden, which was equivalent to 227.3 percent
and 442.7 percent of the country’s exports of goods and services in 1980 and 1991,
respectively (World Bank, 1993), fell to 266.8 percent in 1993 (World Bank, 1995).

In an effort to reverse the country’s economic trend, in 1982, the Malian

government initiated a Structural Adjustment Program (SAP) in collaboration with the
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World Bank and the International Monetary Funds (IMF), with the objective to reduce

government involvement in production, transformation, and marketing activities to their
bare essentials. The most important policy changes which were halted in 1986/87 then
revamped in 1988 have included: (1) trade liberalization, (2) input and output markets
liberalization, and (3) the 1994 domestic currency devaluation.

The impact of the reforms undertaken until 1993 were encouraging (World
Bank/Mali, 1995). As evidence of this, government employees have been receiving their
salaries regularly and on time, public finances have improved, the private sector and
market forces have been playing a major role in the economy, and inflation has been
maintained below an average of 3 percent annually (from an annual average of 10% in
the 1970s and 1980s). Furthermore, the shift from a socialist to a democratic
government, seems to have contributed to more economic growth through a reduction of
capital flight. Following the 1994 devaluation, the country experiences a rapid growth
(+6%). However, despite the encouraging results, it is believed that the competitiveness
of Mali’s production has not been fully developed thereby limiting employment creation
and economic growth.

Data on unemployment do not exit (Ministére de I’ Agriculture, de I’Elévage et
de I’Environnement, 1992). However, there is strong evidence of increasing
unemployment since the launching of the SAP in the 1980s, especially among school
graduates. The growing unemployment reflects that the private sector has been slow to
take over from the government (Ministere de I’Agriculture, de I’Elévage et de

I’Environnement, 1992).
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2.1.2. Demographic Characteristics

With about 8.7 millions inhabitants growing at an annual rate of 2.5 percent, Mali
is one of the West African countries with the lowest population growth rate (with Guinea
and Burkina Fasso). With an average fertility rate of 7.0 births per female, population
is projected to triple by the year 2025 (World Bank, 1993). Because northern Mali is
a semi-desert, the bulk of the population is concentrated in the Niger Valley and in the
south-eastern region of the country. About 27.5 percent of the population lives in urban

areas (Appendix 2.6).

2.1.3. Social Indicators

Key social indicators as reported by the World Bank (1990, 1993, and 1995) are
as follows: primary school enrollment (25% in 1992), secondary school enrollment (7 %
in 1992), adult illiteracy (national, 68 % and female, 76 % in 1990), life expectancy (46
years in 1993), babies with low birth weight (10% in 1991), infant mortality (157/1,000
live births in 1993), and per capita daily caloric intake (2,253.81 kcal in 1988-89, which
represented 91.9% of the needs).

In general, both adult and infant mortality have been decreasing since the 1960s
(Ministére de 1’ Agriculture, de I’Elévage et de I’Environnement, 1992; and World Bank,
1995). However, health problems are still a major concern mainly due to the insufficient
infrastructure needed to satisfy a growing demand for health services based on population
growth rate. For example, in 1990, it was estimated that only 15 to 20 percent of the

population have access to a medical service (Ministére de I’ Agriculture, de I’Elévage et
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de I’Environnement, 1992), and that in 1993 there were 21,180 inhabitants for each

medical doctor --against 43,320 in 1970-- and 2,050 inhabitants for each nurse --against

2,670 in 1970-- (World Bank, 1995).

2.1.4. A Dominant Food-Based Expenditure Pattern and an Unequal Income
Distribution

Reducing poverty remains the major challenge for the Mali government. The
most recent household consumption expenditures survey (1988-89) shows that, on the
average, each Malian spends about cfa.F 134,945 ($US 281) annually, of which 54.5
percent is attributed to food consumption, 14.3 percent to clothing, and 2.7 percent to
health expenses.

The 1988-89 household consumption expenditures survey revealed an unequal
distribution income among the population when annual expenditure levels are used as
proxy (Appendix 2.1). Figure 2.1 shows that, when population is ordered by level of
consumption expenditures, the bottom 34.5 percent accounts for 15.4 percent of national
expenditures, spending between zero and 75,000 cfa.F individually each year, while the
top 23.4 percent accounts for 48.4 percent of national expenditures, with a spending level

above 150,000 cfa.F per capita annually.
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Figure 2.1: Cumulative Population Distribution by Proportion
of National Consumption Expenditures, Mali, 1988-89.
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2.2. The Agricultural Sector
2.2.1. The Physical Environment
2.2.1.1. Rainfall Pattern and Agro-Ecologies

Like most soudano-sahelian countries, Mali’s climatic situation is characterized
by irregular rainfall, ranging from 200 mm in the north to 1,400 mm in the south.
Based on rainfall distribution, the country has been divided into three agro-ecological
zones: (1) the semi-arid zone (500-900 mm of rainfall) in the north, (2) the sub-humid
zone (900-1,000 mm of rainfall) in the center, and (3) the humid zone (above 1,100 mm

of rainfall) in the south. There are two distinct seasons irregularly distributed over the
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years. The rainy season lasts 3 to 6 months (June to October). Average annual

temperatures range from 23°C in November-February to 31°C in March-May.

2.2.1.2. Irrigation

Extending over 1.24 million km? (477 sq. miles), Mali is one of the largest
countries in West Africa. Compared to other Sahelian countries, Mali possesses more
irrigable land area. It is estimated that about 500,000 to up to two million hectares of
land can potentially be developed for irrigation (World Bank, 1992). Yet, to date, only
about 200,000 hectares have been improved, 75 percent of which are currently being
used (World Bank, 1992). Developing the country’s irrigable land potential makes it
possible to dampen the unfavorable effects of irregular rainfall pattern. This has been
done through government-mamiged irrigation schemes in large or small perimeters along
the Niger (1,700 km) and Senegal rivers and other small rivers south of the country, and

in largely underdeveloped farmer-managed schemes in bas-fonds and flooded plains.

2.2.2. Trends in Crop Production

Mali’s agricultural production is characterized by its low level of diversity, and
a high degree of production variability that often leads to food deficits. The dominant
crops are cotton, cereals (sorghum, millet, rice and maize), and groundnut (Table 2.1

and Table 2.2).
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Table 2.1: Production (000 T) Statistics of Major Crops in Mali, 1960-93

YEAR Cotton Sorghum/ Maize Groundnut Rice
Millet (Paddy)

1970/71 57 715 58 176 137

1971/72 70 715 72 188 157
1972/73 72 625 20 109 116
1973/74 55 587 35 108 131
1974/75 71 911 51 138 179
1975/76 105 896 37 215 196
1976/77 133 831 68 129 298
1977/78 183 961 115 178 303
1978/79 133 910 103 164 158
1979/80 151 746 76 146 240
1980/81 110 708 45 135 122
1981/82 98 950 61 128 135
1982/83 129 1,097 89 94 153
1983/84 141 876 144 75 216
1984/85 145 1,348 101 54 109
1985/86 176 1,270 140 85 214
1986/87 201 1,207 213 107 225
1987/88 199 1,672 179 101 237
1988/89 249 1,573 215 172 288
1989/90 230 1,268 225 157 338
1990/91 276 1,660 197 180 282
1991/92 273 1,185 257 184 454
1992/93 320 1,485 193 127 410
1993/94 240 1,644 283 149 428
1994/95 294 1,460 322 215 469
CVisnm 0.481 0.319 0.651 0.303 0.460
CVoss.50 0.186 0.135 0.238 0.283 0.295

Source: DNA/DNSI (Enquéte Agricole de Conjoncture, 1994).
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Table 2.2: Area (ha) Statistics of Major Crops in Mali, 1970-94.

YEAR Cotton Sorghum/ Maize Groundnut Rice

1970/71 72 698 35 138 129

1971/72 82 574 35 151 114
1972/73 88 736 27 147 131
1973/74 73 667 44 127 145
1974/75 80 795 34 138 137
1975/76 91 873 34 186 233
1976/77 122 874 37 132 175
1977/78 103 1,152 60 175 244
1978/79 119 915 43 134 112
1979/80 123 924 46 164 243
1980/81 111 1,107 41 162 143
1981/82 85 1,172 69 171 116
1982/83 105 1,362 47 145 182
1983/84 111 1,395 126 120 188
1984/85 119 1,297 89 83 165
1985/86 146 1,266 109 89 185
1986/87 151 1,240 129 93 191
1987/88 149 1,273 118 125 163
1988/89 189 1,875 143 166 231
1989/90 188 1,857 175 147 231
1990/91 205 2,022 170 248 197
1991/92 215 1,685 186 169 200
1992/93 247 1,883 191 170 184
1993/94 201 2,286 257 189 202
1994/95 269 2,382 284 255 284
CViomse 0.410 0.400 0.736 0.267 0.256
CV 1ops.00 0.210 0.232 0.326 0.341 0.165

Source: DNA/DNSI (Enquéte Agricole de Conjoncture).
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Cotton is the main cash crop. It is grown mostly in the southern part of the

PP

country under CMDT (Compag nie  Malié de Dével, des Textiles')
management. Cotton provides greater financial security to the farmers, as the input
supply (seeds, fertilizer, pesticides, in-king loan for animal traction) is guaranteed by
CMDT, which also guarantees an output price set ahead of time and a market outlet, as
well as an active and effective technical support.

Millet/sorghum, and maize are the major rainfed staples. During the time period
1970-94, sorghum/millet accounts for about 75 percent of total area planted annually
(Figure 2.2) in millet/sorghum, rice and maize, and 80 percent of the resulting total grain

production (Figure 2.3).

Figure 2.2: Average Annual Cereals Figure 2.3: Average Annual Cereals
Area Planted in Mali, 1970-94. Production in Mali, 1970-94.|

Maize (9.0%;

Miket /Sorghum (74.6%) Millet /Sorghum (80.5%) —

The high variability in grain production is mainly attributed to fluctuating rainfall,

but also to the area planted (which may fluctuate in part because of rainfall). However,

! CMDT is a semi. industrial and i ise whose primary mission is to ensure
an integrated development of the cotton sub-sector, but also to provide public services for rural
development activities (see section 2.3 for details).
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the degree of production variability differs from one crop to another. For example,
during the period 1970 to 1994, the coefficient of variation (CV') of the annual domestic
production of rice (0.460) is higher than the one for millet/sorghum (0.319), and smaller
than the CV for maize (0.651), as reported in Table 2.1. In other words, the CVs for
the annual productions of sorghum/millet and maize grain (Table 2.1) are lower than the
corresponding CVs for area harvested (Table 2.2), whereas this situation is the reverse
for rice. Finally, for both production and area harvested, the CVs have been lower for
cotton, sorghum/millet, maize, and rice production and area harvested since the last
major drought in 1982-84.

An analysis of historical grain production patterns since the last major drought
indicates that, on the average, Mali produces 94 percent of domestic grain requirement
annually (Appendix 2.2). During this period (i.e., 1987-88 to 1990-91), grain production
felt short of the national requirement by about 22 percent on the average annually in the
very bad years, while in the best years of production, 99 percent domestic grain
requirement was met annually on the average (Appendix 2.2). The negative impact
exerted by the large and unpredictable variations in cereal production on the national food
security contribute in part to fluctuations in imports levels.

Compared to other main cereals, rice has important distinctive advantages. First,
it is the only cereal grown under irrigation in a drought-prone area, thereby serving as

an insurance against drought. Second, it is of paramount political importance in the

! The coefficient of variation (CV) of production for a particular crop is the ratio of the standard
deviation of its production levels for the period under consideration to the average production during the
same period.
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sense that it is the main staple for the politically powerful urban consumers (any supply
shortage has the potential to induce social turmoil and riots) in part because it requires
less time to cook (which makes it appropriate in a context of increased opportunity cost
of women’s time, especially in urban areas). Because of its political importance, the

government has made sure that rice is available at any time.

2.2.3. Agricultural Sector Contribution to the National Economy
2.2.3.1. The Domestic Supply Share of National Cereals Consumption

In 1993, Mali’s agricultural sector accounted for the major share of GDP (42%),
foreign exchange (75%), and employment (83%). As expected from an economy
undergoing structural transformation, Mali’s agricultural share of GDP declined by 19
percent between 1970 and 1993, while during the same period, industry’s share increased
by 4 percent, services by 14 percent, and manufacturing by 2 percent (World Bank,
1995). The contribution from Mali-Sud’s agricultural sector to the national economy is
fairly significant. For example, Mali-Sud produced 81.8 percent’ of the national cereal

consumption (Semega, 1991).

2.2.3.2. The Agricultural Share of Foreign Exchange Earnings
While the average growth rate of exports in general declined between 1970 and
1991 from 8.3 percent to 6.7 percent, the share of primary commodities in merchandise

exports increased from 89 percent in 1970 to 93 percent in 1991 (World Bank, 1993).

! This proportion includes millet (42.0%), sorghum (26.5%), and maize (13.3%).
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Cotton and livestock are the two most important earners of foreign exchange in
agriculture. The bulk of Mali’s cotton production is exported. The cotton share of the
value of total agricultural product exports averages approximately 43.3 percent for the
period 1970-93 (Appendix 2.3). In fact, this share has been increasing over time (28.3%
in the 1970s, 37.3% in the 1980s, and 61.6% in 1990-93). Similarly, the livestock share
of the value of total agricultural product exports averages approximately 29.2 percent for
the period 1970-93 (11.3% in the 1970s, 40.3% in the 1980s, and 25.8% in 1990-93).
Mali-Sud accounts 100 percent of the national cotton production. The region’s potential
in livestock is also appreciable. In the first half of the 90s, Mali-Sud accounted for 38
percent of the national production of cattle and 15 percent of sheep/goats (Mamadou,

1995).

2.2.4. Mali, Net Importer of Food and Recipient of Food Aid

In general, the diet of a Malian is not diversified and it is dominated by cereals,
which translate into a disproportionate amount of glucidic caloric supply (Appendix 2.4).
It is therefore not surprising that one of the country’s food security objective is to
diversify food supply (Ministeére de I’ Agriculture, de I’Elévage et de I’Environnement,
1992). While until the 1972-74 drought Mali was considered self-sufficient in cereals,
following the drought, per capita food production has failed to keep pace with the rapidly
expanding demand for food. For example, between 1979 and 1991, per capita food

production declined by an average of 0.7 percent per year (World Bank, 1993).
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As the gap between national food production and demand widened in the late

1980s, largely because of recurrent droughts, rural-urban migration, and low agricultural
productivity, Mali became increasingly dependant on commercial imports and food aid'.
Most of the cereal imports have been rice, with imports (not including aid) accounting
for approximately an average 25.6 percent of total rice consumption annually since the
1984 drought (Appendix 2.5). Historically, millet, maize, and sorghum imports have
been minimal, except in years of drought when maize and sorghum have also been
received as food aid (Staatz and Dembélé, 1989).

Although up to 1985, persistent drought contributed to major food deficit in Mali,
starting from the mid-1980s, millet, sorghum, maize and rice production have been

increasing (Figure 2.4, Table 2.1, and Table 2.2).

Figure 2.4: Annual Production of Major
Food Crops in Mali, 1970-94.
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! For example, the World Bank (1990, 1993) reports that cereal imports more than doubled between
1980 (87 thousand metric tons) and 1991 (226 thousand metric tons), while during the same period food
aid in cereals also increased by about two-thirds (from 22 thousand metric tons to 37 thousands of metric
tons).
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The World Bank Development Report (1993) indicates that while the average

growth rate of imports in general declined in the last two decades (5.2% in 1970-80, and
3.5% in 1980-91), the share of food in merchandise imports declined as well (29% in
1970 and 18% in 1991). While less than 90 percent of the country’s food demand was
satisfied by domestic production in the 1980s, about 99.4 percent was met in 1990
(Ministére de 1’ Agriculture, de I’Elévage et de I’Environnement, 1992). Indeed, some

areas were able to produce a marketable surplus, due to better climatic conditions.

2.3. The Rice Subsector
2.3.1. Trends in National Rice Production

Up to 1984, persistent drought contributed to major rice deficit in Mali. Even
though as shown in Figure 2.5 domestic production has been increasing (by more than

50 percent between 1986 and 1993), the country has not been able to satisfy demand.

Figure 2.5: Rice Production in Mali, 1970-94.
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However, the situation appears to be changing since the mid-1980s. Yet, it is not
clear what the contribution of bas-fond rice production has been because a complete
inventory of the bas-fonds has not been made yet. The recent increase in domestic
production has been attributed largely to: (1) consumer price increase in 1988 (30-50%),
brought abput by market liberalization policies and supply shortage due to delays in
imports, that made rice more profitable (2) productivity (yield) gains in the Office du
Niger (which represents on the average 43.4 percent of the annual national production
between 1970 and 1994, with a standard deviation of 10.3%)-- from an annual average
of 2.0 t/ha in the 1980s to about 4.2 t/ha in the 1990s, (3) yield increase and rice area
expansion in the irrigated perimeters in Sélingué and Baguinéda, (4) the proliferation of
small rice mills following the market reforms, and (5) the 1994 devaluation which
increased prices.

Prior to the market reforms, Office du Niger had the monopoly of rice milling in
Mali. The State milling capacity averages 80,000 tons per year. But since 1986, private
milling opportunities in the Office du Niger area have expanded (e.g., from few in 1986,
to 196 mills in 1990, and 383 in 1993), thereby changing the structure of the rice
subsector by helping to reduce concentration and changing the marketing options for both

farmers and retailers (Diarra, 1994).

2.3.2. Regional Distribution of Rice Production
A distinctive feature of rice production in Mali is its high concentration in the

Niger Valley and Delta, especially in Ségou and Mopti (Table 2.3). Both Ségou and
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Mopti account for about 76.4% of the national annual production since 1970 (with a
standard deviation of 5.6%). The distinctive features of the production systems is their
medium to large irrigated schemes with relatively large scale individual parcels (i.e., 2-
15 ha), and the relatively high level of input use. The second rice producing area is in
the southern part of the country, in the cotton producing area, where most of the bas-
fonds and flooded plains are located. In this area, individual parcels are small (less than
a quarter of a hectare), the level of input use is minimal, and rice production interacts

with farmers’ upland production system.
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Table 2.3: Regional Distribution of Rice Production (mt) in Mali, 1970-94.

Year Kayes Koulikoro Sikasso Ségou  Mopti Toumbouctou Gao™  National

1970-71 1,703 11,878 10,322 59,254 38,726 NA 15,512 137,395
1971-72 5,801 2,769 11,854 76,583 49,171 NA 10,952 157,130
1972-73 409 4,372 8,349 72,872 26,184 NA 3,714 115,900
1973-74 27 8,938 7,813 89,055 21,904 NA 2,973 130,710
1974-75 501 538 12,257 67,967 77,850 NA 19,530 178,643
1975-76 1,821 43 21,385 90,233 51,328 NA 31,226 196,036
1976-77 2,284 381 12,804 95,455 166,882 NA 20,333 298,229
1977-78 1,045 7,023 31,444 150,012 85,049 NA 28,630 303,203
1978-79 1,154 5,884 12,705 93,118 33,547 NA 11,883 158,291

1979-80 4,863 7,840 21,787 95,940 80,965 12,207 16,515 240,117
1980-81 4,192 0 12,621 69,290 23,988 4,878 6,584 121,553
1981-82 1,919 9,577 14,360 62,801 31,294 na 14,805 134,756
1982-83 1,208 409 20,849 76,613 29,107 4,588 19,859 152,633
1983-84 199 2,691 18,811 101,595 64,045 20,289 8,356 215,986
1984-85 1,101 1,403 10,599 87,682 4,654 1,687 2,228 109,354

1985-86 16 3,681 7,672 109,532 54,825 9,766 28,349 213,841
1986-87 96 1,455 25,275 114,311 53,812 21,504 8,685 225,138
1987-88 193 2,692 15,957 124,982 66,232 9,752 16,760 236,568
1988-89 na 46 8,639 155,072 70,578 27,852 25,610 287,797
1989-90 na 2,350 24,539 160,014 91,639 27,035 32,172 337,749

199091 531 8,301 13225 153,534 56,272 38,592 11,911 282,366
199192 8,535 22,472 54,102 219,966 81,953 51,568 15,753 454,349
1992-93 2,171 14,548 50,223 218,645 67,882 43,317 13232 410,018
199394 2,621 18,016 57,604 238,752 63,687 35925 11,004 427,609
1994-95 3437 17,431 61,324 234,390 102,706 42,159 7,679 469,126
CV,pes 1.061 1032 0738 0464  0.555 NA NA  0.460
CVisos 1265 0908 0667 0293  0.231 0.460 0.503  0.295

"na" stands for "not available".

"NA" stands for "Not Applicable”. The reason here is the fact that during the period 1970-
71/78-79, Tombouctou was part of Gao.

" The production statistics from 1970-71 to 1978-79 include data from Tombouctou which was
then part of a larger Gao Region.

Source: DNA/DNSI (Enquéte Agricole de Conjoncture).
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While only one administrative region (Ségou) produces a surplus over its rural

consumption needs in an average or good year, some regions are deficits in all years,
notably the northern and extremely drought-prone regions of Tombouctou and Gao, as
well as the central urban regions of Koulikoro. Year-to-year variability of rice
production varies across regions and the variability of production in any given
administrative region is greater than that for total national production (Table 2.3).
Because large populations are concentrated in the main producing regions (Appendix
2.6), changes in production conditions lead to large swings in the amount of rice flowing

into and out of these regions.

2.3.3. Major Rice Production Systems in Mali

Rice is produced under various production systems. Based on water source and
the level of water flow control, the various production systems can be classified into
three sub-systems: (1) The fully controlled irrigation systems, which are either in large
perimeters (Office du Niger, Baguinéda, Manantali, and Selingué) or in small perimeters
along the Niger and Senegal rivers, (2) The partially controlled irrigated production
system is found in smaller irrigated perimeters (Opération Riz Ségou, Opération Riz
Mopti, Opération Riz Sikasso) and smaller rivers south of Mali, and (3) The traditional
rainfed and bas-fond systems, which are found mostly in the south of Mali. An elaborate

description of these production systems is summarized by Table 2.4.
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As mentioned earlier, government has focused its efforts to increase rice
production on both expanding the intensive irrigated area and increasing productivity
(yield) in these schemes, primarily because they are seen as an insurance against drought.
Yet, the cost of expanding and maintaining those irrigation systems is extremely high
(e.g., the rehabilitation cost of the water control system of canals and diversion dam is
estimated to be around 2,600,000 cfa.F/ha). As a result, the untapped potential of the
bas-fonds has increasingly been explored as a complement to the large government
schemes. But, there currently exists insufficient evidence to assess this potential and the

constraints to expanding the bas-fond system.

2.3.4. National Rice Consumption

Rice represents about 16.7 percent of total per capita cereal consumption, and 6.4
percent of the total expenses of the Malian households (DNSI, 1994). While for
sorghum, the less the income, the higher the share of sorghum consumption among the
cereals (49% highest income group, 69% for the middle, and 72% for lowest), rice
consumption is the highest among the middle income group (61 %), followed by the high
(59%) and low (44%) income groups (DNSI, 1994). Approximately 78.7 percent
(1,769.71 kcal/year/individual) of glucidic energy supply, the main source of energy in
the Malian nutrition, come from cereals (Semega, 1991). While millet, maize, and
sorghum account for about 85 percent of cereal calories, rice provides the remaining 15

percent (Staatz ef al., 1989).
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The 1988-89 consumption expenditure survey revealed that the national average
rice consumption per capita is about 34 kg per annum, which in absolute terms is third
among the cereals after millet and sorghum (Appendix 2.7). This average is higher in
urban areas (58.0 kg) than in rural areas (24.3 kg). It appears that the major rice
producing areas in the country (Ségou and Mopti) do not necessarily have the highest per
capita rice consumption level. Rather, current trends in consumption indicates
Tombouctou and Gao have the highest per capita rice consumption levels in the country,
followed by Ségou and Mopti. These regions’ per capita rice consumption are above the
national average while per capita annual rice consumption in Koulikoro, Kayes and
Sikasso is below the national average.

The consumption of rice has increased both in urban and rural areas since the
1980s drought. In Mali’s strategic development plan (Ministére de I’ Agriculture, de
I’Elévage, et de I’Environnement, 1992), it is assumed that per capita rice consumption
will continue to increase (especially if the consumer price decline continues) at a 2.1
percent and 0.4 percent growth rate in urban and rural areas, respectively. The bulk of
the rice consumed comes from farmers own production (30.5 %) or purchases (65.3 %)--
Appendix 2.6. While in urban areas, most of the rice consumed is purchased in the
market, up to 41.4 percent is purchased in rural areas (Appendix 2.6). Virtually all the
rice consumed in administrative regions of Kayes and Koulikoro are purchased.
Although domestic rice production has been increasing (Figure 2.5), the country has not

been able to satisfy demand (Appendix 2.2).
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2.3.5. The Institutional Environment
2.3.5.1. Introduction

The behavior and performance of bas-fond rice farmers depend on a wide range
of factors, including the institutional environment that defines the set of opportunities
available to them. This environment consists of the national research institute (i.e.,
IER), the government agency responsible of promoting cotton production (CMDT), the
main rice development agency of the country (Office du Niger), the market information
system (i.e., SIM), as well as government policies. All these organizations have effects
beyond bas-fond rice farming and a complete discussion of them exceeds the scope of
this research. It is nevertheless important to recognize their importance in influencing
behavior in bas-fond rice production. This section provides a short description of these

institutions by emphasizing their relationships with bas-fond rice production.

2.3.5.2. The Bas-fond Rice Research

Bas-fond rice research in Mali was launched in the mid-1980s by the national
agricultural Research Institute --Institut d’Economie Rurale (IER)-- (Ahmadi et al.,
1995). It is undertaken primarily by the Farming Systems Research Program (ESPGRN)
and the Bas-Fond Rice projects (PRBF), both based in Sikasso, as well as the Subsector

Economics Program (ECOFIL) based in Bamako.
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2.3.5.2.1. The Farming Systems Research Program

Farming systems research (FSR) was officially initiated within IER in 1979 with
the creation of the FSR Research Division (DRSPR), now ESPGRN!' (since 1994).
Indeed, FSR began in Mali in 1977 in four villages around Fonsébougou in the Sikasso
Region (with three national researchers-- a sociologist, a zootechnician, and an
agronomist-- and two expatriates- a sociologist, and an agricultural economist) before its
institutionalization. This research unit focused on upland crops with special emphasis on
socioeconomic diagnoses. It is multidisciplinary in nature. It is currently supported by
a consulting mission (KIT?) from Amsterdam and works in collaboration with the
national thematic research programs and development agencies (mainly, CMDT). These
collaborators participate in the design and implementation of the research agenda.

It was not until 1987 that the FSR included research activities directly related to
rice and bas-fonds in its agenda. Based on a 1987 study of the potential and constraints
to rice production in Laminibougou and Doumanaba, the FSR focused on varieties,
planting methods, and herbicides trials, as well as demonstration plots between 1987 and

1989. These research trials were not only limited in number, but also site specific.

! DRSPR stands for Research Direction on Farming Systems and Natural Resources (Direction de la
Recherche sur les Systémes de Production Rurale), while ESPGRN stands for Farming Systems and Natural
Resources Management Team (Equipe de Systéme de Production et de Gestion des Ressources Naturelles).

2 KIT is the Netherlands Royal Tropical Institute. The KIT logistic and technical support in the
ESPGRN has been provided in sequential research phases (DRSPR/Sikasso, 1992). The first phase (1979-
83) continued the diagnostic studies initiated in 1977 and started the design of an extension methodology
with the collaboration of CMDT. The second phase (1983-86) focused on animal traction and soil erosion
while continuing the design of an extension methodology. In the third phase (1986-89), the project
extended the research area covered first in the northern (in 1987) and then in the southern (1988) parts of
the country. Concurrently, animal production, and women’s role and activities were added in the research
agenda. The fourth phase (1989-93) emphasized the concerned for sustainability by addressing issues
related to soil degradation and overgrazing. The current phase is the fifth phase (1993-96).
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Their research results showed a great deal of yield variability across trials (800 to 3800
kg of paddy/ha), depending on the type of bas-fond, plot topography, rice variety, soil
fertility level, and cropping calendar. Consequently, the current knowledge concerning
the bas-fond agroecosystem still has substantial gaps. For example, it is impossible to
ascertain how the results obtained fit into the relevant agroecosystems, nor to assess the

implications of these results for these systems.

2.3.5.2.2. Agronomic Activities

Two collaborative research programs have been initiated between IER and
CIRAD: the Projet Sol-Eau-Plante (1985-1992), and the Projet Amélioration de la
Riziculture Inondée (1988-1992). The Projet Sol-Eau-Plante was funded by the FAC,
and it focused on hydrology and agronomy, using a pluridisciplinary team of researchers.
The Projet Amélioration de la Riziculture Inondée, which was also funded by FAC,
continued the agronomic research initiated by the Projet Sol-Eau-Plante (IER, 1992).
These projects were technically supported by ORSTOM in hydrology, and IRAT in
pedology and agricultural economics.

The research activities conducted by both projects in five sites (Kléla,
Samogossoni, Bamadougou, Péniasso, and Kambo) included (1) monitoring and assessing
the impact of existing water control infrastructures on yield, production practices and
investments on other crops (mainly root crops), and (2) breeding and agronomic trials
(in 1990 and 1991 in three sites). The breeding and agronomic research activities

established that it was possible to increase rice yield from 1 t/ha (under traditional
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practices) to 3 t/ha at profitable levels using no water control with land preparation,
improved varieties, and fertilization. The yield could only be increased to up to 3.7 t/ha
under water control. This surprising result raised the crucial question of the effectiveness

of these infrastructures.

2.3.5.2.3. Breeding Activities

Up to 1994, rice breeding activities were limited to on-station variety screening
with minimal interaction with the FSR research program. The rice varieties tested
(Sativa spp.) were originally screened or developed for the northern part of the country,
which is much drier. Because southern Mali is more humid, these varieties were
exposed to diseases and insects and could not perform to their fullest potential.
Traditional varieties, which are generally Oryza glaberima species, tend to have stronger
drought resistance and better adaptability to different flood water levels than the Oryza
sativa species.

The current breeding program was initiated in 1994 with the objective to identify
or develop varieties (Sativa spp.) that are resistant to the hydrological stresses (mainly
drought and submersion) and diseases (mostly rice yellow mottel virus -- RYMV--, but
also sheaf blight and pyriculariosis). In addition, the quality characteristics are
considered, mainly, the protein content (varies very little in rice), the cooking quality
(duration, water absorption capacity--puffiness, overnight storing, etc..), the amylase

content (people like medium, non sticky), and the milling quality (recuperation rate).
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The breeding activities are designed to develop varieties adapted to three water
environments: (i) the shallow areas (about 10% of the research program target area), (ii)
the medium areas (more than 70% of the target area), and (iii) the deep areas (about 20%
of the target area). There are two problems with the deep water environment, namely,
(a) when the water level goes up and remains high, varieties with good elongation
potential (or capacity) are the most appropriate, but the yield tends to be lower because
of reduced tillering, and (b) when the water level fluctuates, varieties with good
submersion tolerance are preferable. Thus, the breeding program’s strategy is to screen
for submersion tolerance for the medium and deep water environment, and elongation
ability for the deep water environment.

The main breeding activities are: (a) varietal screening from introduced material,
(b) variety development, and (c) nursery maintenance for resistance to submersion, sheaf
blight, and RYMV. However, some agronomy trials (e.g., fertilization) have been
conducted to assess performance. The breeding program is organized around five major
stages: evaluating existing materials, initial assessment, preliminary varietal trials (on
station, 3 replications), advanced comparative variety trials (on station, 6 replications),
and on-farm trials (multi-locational, larger plots, 1-3 years of trial).

In general, traditional varieties’ plant types (mostly sativa species) are more than
one meter long (plant height), with 120-130 days to maturity, and they are all
photosensitive. A number of "improved" varieties (mostly glaberyma species) from the
initial breeding work have been extended. They are all introductions selected in the

screening process (e.g., BG 90-2, Gambiaka, and DM 16). A number of varieties
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developed locally have been proposed for extension (e.g., IRAT 216, BR 4, and Khao

Dawk Mali 105). Table 2.5 provides a summary of the major characteristics of these

improved varieties.

Table 2.5: Main Characteristics of the Rice Varieties Extended in the Bas-Fond, Mali.

Water Depth Days to Av. Plant First Year
(cm) Maturity Paddy Height of Extension

(days) Yield (cm) to Farmers Other Characteristics

(t/ha)
IRAT 216 hydromorphic 100-110 34  78-93 1994
BR 4 < 25 120 4-5 95-105 1994
BG 90-2 <25 140 4-5 8590 > 20  sensitive to RYMV®
Khao Dawk Mali 105 > 50 140-150 34 140-160 1994 Lodge after flood recedes
Gambiaka > 50 150 34 150-170 > 20  Lodge after flood recedes
DM 16 > 50 160 2 170-190 > 20  Lodge after flood recedes

@ RYMYV stand for Rice Yellow Mottel Virus.

2.3.5.2.4. Sub-Sector Economics Program (ECOFIL)

ECOFIL was created in 1994 within the context of IER restructuring. Its creation
grew out of the recognition that research on the input supply system, crop
commercialization, processing and consumption were largely occasional and limited in
scope (IER/DPAER, 1994). Furthermore, it became increasingly apparent that there was
a need to take into account constraints faced by and interactions between different
economic agents at different levels of the Mali’s food system in order to improve the
economic impact of agricultural research. The success of a maize subsector study
initiated by IER in 1992 with the collaboration of PRISAS, MSU and the PRMC set the

stage for the creation of ECOFIL.
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The program’s objectives are to: (1) improve the understanding of linkages and
inter-dependence between different economic agents in Mali’s food system, (2) contribute
to the identification of the potential for improving the productivity of various crops’
subsectors and the constraints to improving the performance of the overall food system,
(3) conduct research activities on the identified constraints in order to improve and/or
assess policy decisions, and (4) provide guidance to improve the effectiveness of other
research programs.

To launch this program, three priority research areas were identified, namely the
livestock subsectors, the rice subsector and the groundnut subsector. To date, five
research projects have been initiated, two on livestock' and three on rice. Research
activities on rice have focused on (1) the impact of the introduction of different types of
mills on the competitiveness of the rice subsector, (2) characterizing and assessing the
economic performance of different rice production systems in Mali (mainly the bas-fond
production system, and the irrigated production system with complete water control, and
the production systems with controlled submersion), and (3) production cost studies.
This research is part of the bas-fond rice project. The production costs study was
conducted in a limited number of sites. Concurrently, the program conducted a

socioeconomic surveys potatoes and has been involved on impact studies.

! The livestock research projects are (1) a study of veterinary products marketing channels, and (2) a
diagnostic analysis of production and distribution channels of agro-industrial by-products.
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2.3.5.3. Extension Information, Sources of Purchased Inputs, and Credit

2.3.5.3.1. Office du Niger

The Office du Niger was created in 1932 by the French with the objective to (1)
primarily produce cotton in order to secure its adequate supply for and revamp the
French textile industry after World War I, but also (2) to produce rice for cotton farmers
to ensure food security and possibly export. After independence, Office du Niger became
a semi-autonomous public agency which rents land to farmers for a fixed in-kind fee.
After payment of their fees, farmers were required to surrender all their production to
the Office at the official price, except an allowance for family consumption.

Due to technical (drainage) and phytosanitary problems, cotton production was
abandoned in 1970. Rice then become the major crop with 45,500 ha irrigated from a
dam on the Niger river (Makarla-- 1947).

Initially, Office du Niger’s activities included selling seeds, oxen and equipment
to farmers, providing extension services, marketing, procurement, threshing,
transporting, and milling paddy, designing agricultural equipment, and constructing and
maintaining the irrigation network. From 1984 on, threshing, land tenure and bagging
management, marketing, and procurement have been progressively transferred to village
associations (AVs). Currently, Office du Niger accounts for a major share of Mali’s

domestic rice production (Figure 2.6, and Appendix 2.8).
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Figure 2.6: Office du Niger and Domestic Rice Production in Mali, 1970-94.
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In the 1970s and 1980s, Office du Niger’s rice production level represented about
40-42 percent of the national production (Appendix 2.8). This share has increased to
around 47 percent in the 1990s, mainly due to a productivity gain that increased the yield

by about 50 percent (Appendix 2.8).

2.3.5.3.2. CMDT (Compagnie Maliénne de Développement des Textiles)

CMDT was originally CFDT (Compagnie Frangaise de Développement des
Textiles). As CFDT, the focus was exclusively on cotton production to support the
French cotton industry and to provide a source of cash income to indigenous farmers so
they could pay their taxes. In 1974, CFDT became CMDT, with 60 percent ownership
by the Malian government and 40 percent by CFDT. Cereals were then introduced in
rotation with cotton. Production was intensified (animal traction, fertilization, and

improved seeds) with revenues from cotton production. This promoted animal
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husbandry, viewed as a way to save income. Initially, CMDT ensured the collection and

purchase of cotton. But, starting from 1975, these activities were progressively
transferred to village associations (AVs) which buy cotton from member farmers and sell
it to CMDT. Now, this is 100 percent an AV activity.

The AVs were created with the objective to (1) increase farmers’ participation and
management control in production, (2) improve the credit system set up by CMDT, (3)
and guarantee and simplify exchanges (especially cash transactions) between CMDT and
farmers. The basic structure of AVs is based on traditional organizational units of the
village (i.e., the village council, the village council of household heads, and fons). AVs
have two sources of revenues: costs of the transactions initially supported by CMDT but
now transferred to the AVs and which are paid to the AVs by CMDT (initially cfa.F
2,000 and now 2,750), and the value of the output weight difference (if any) when
weighted by the AVs in the villages and by CMDT. These revenues are used to fund
building storage rooms; loans to farmers hurt by drought, illness, or other problems;
administrative dues; maintenance and management of primary health services (e.g.,
pharmacy, and maternal and child health), and loans for agricultural inputs/equipment.

In 1983, CMDT set up a special service to ensure the link between research and
extension. This linkage is materialized through (1) CMDT’s participation in the
specialized research technical committees, (2) annual meeting between research and
CMDT to discuss research projects, (3) joint on-farm trials involving research and
CMDT, (4) researchers’ participation in the design of extension methods and bulletins,

and in the training of extension agents.
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In 1988, CMDT'’s status changed from a state-run organization to a semi-
autonomous industrial and commercial enterprise to which the State assigned two
‘missions through a performance contract called Contrat Plan Etat - CMDT - Producteurs.
These missions are (1) integrated development of the cotton subsector, and (2) public
service provision of rural development activities. The integrated development mission
is achieved through two functions: (a) an industrial and commercial function involving
buying (from AVs, OHVN and farmers), collecting, shelling cotton seed, and selling
cotton fiber and seeds, and (b) developing all activities related to the cotton-based
production system. Such activities are research on cotton and cotton seed production,
providing advice related to maintaining the production potential, extension activities on
crop production/livestock integration and on women’s activities, maintaining rural roads,
and promoting functional literacy and farmers’ organizations. These activities are funded
by the cotton subsector. The public service provision of rural development activities
include village-level wells and mechanization. These latter activities are government-
funded.

Given its new status, CMDT freely chooses its partners and freely set prices no
higher than preset ceiling producer prices (cfa.F 125, 105, and 90 per kg for the 1st,
2nd, and 3rd grade cotton seeds, respectively, in 1995). The ceiling prices are supported
by a stabilization fund that is itself funded from CMDT cotton subsector’s gross margin.
If the net margin is positive, 35 percent of this fund is given back to producers as

rebates.
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Initially, rice production technical support was provided by the government’s
Projet Riz. CMDT took over from this project in the 1980s through specialized
extension agents. Under CMDT, rice production is financed by cotton in the sense that
extension agents and in-kind loans (inputs) are paid for from cotton revenues. In other
words, a farmer must be a cotton producer to have access to inputs through CMDT.
But, a farmer’s input loan amount depends on his credit limit (no more than 36% of
his/her cotton revenues). It is estimated that about 85 to 96 percent of rice producers in
CMDT regions are monitored by CMDT (26,100 production units). Farmers tend to
divert cotton inputs for rice or other crops.

CMDT extension activities on rice are performed by two offices: the Bureau
d’Etude and Projet Petits Bas-Fonds, and the Production Systems Monitoring and
Evaluation Office. The primary activity of Bureau d’Etude and Projet Petits Bas-Fonds
is to improve the traditional bas-fonds by (1) evaluating the technical and economic
feasibility of water control investments in interested villages, and (2) constructing and
maintaining water control infrastructure in those bas-fonds whose feasibility study
justifies the appropriateness of the investment. Various donors have provided the funding
necessary to make these investments for over 16,630 ha of bas-fond area-- over one-third
the are of the Office du Niger-- (Appendix 2.9).

The monitoring and evaluation of production systems was initiated by CMDT in
1981. It now has 41 enumerators in 41 villages (especially since 1988) for the survey
modules: village level, household level and parcel’s level. Data are collected on a

permanent basis and include: infrastructure, population, livestock holdings and
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equipment, and production practices. In addition, specific surveys are initiated to

improve understanding on a specific issue of interest.

2.3.5.3.3. Market Information System

In Mali, several organizations routinely collect data on food crops. The most
important of these organizations are the SIM (Market Information System) and the DNSI
(National Directorate of Statistics and Information). The SIM is a division of OPAM.
It was designed in the late 1988 as a coordinating unit that would collect, process,
analyze, and disseminate timely market information to serve private operators (farmers,
traders and consumers), decision-makers, and researchers (Aldridge, 1992). In each
market, SIM collects producer price, assembly price, and consumer prices, and make this
information available to the public through the national radio and press releases (weekly,
monthly and bi-annually bulletin) and the national television. By contrast, the DNSI,
which is within the Ministry of Plan, is responsible for macroeconomic and census data.
These data, which are published in a weekly, monthly or annual bulletins, are generally
medium to long-term in nature. The primary clients are decision-makers in the public
sector.

Most of the other data generating organizations use data collected by SIM and
DNSI. Their role is nonetheless important. For example, the SAP (Early Warning
System), monitors chronically food-deficit regions to inform government and donors
about the overall food security of the population in these areas. The Famine Early

Warning System (FEWS) is funded by USAID and has the responsibility to identify
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early, potential food-supply and access problems with data collected by national services.
Other data or information generating institutions are: Rural Development Organizations
(ODR) within the Ministry of Agriculture, the National Directorate of Economic Affairs
(DNAE) within the Ministry of Finance and Trade (which enforces government
regulations on commerce, including the grain trade), private traders’ information
systems, ad hoc projects, and IER.

The information generated by these organizations are made available to the public
through the national television and radio (RTM), rural radio stations, newspapers,
bulletins and annual reports. Through a process of learning by doing, these organizations
have the potential to play a leading role in the Malian economy by directing production
in response to the evolving consumer demand and changing production technology, and
generating the needed information to monitor market performance. Their aim is to create
an open, competitive, transparent and efficient market environment, and put the country
in a position to generate reliable time-series on farm-level prices and quantities produced
and marketed. These data will allow quantitative analyses on the degree to which
farmers have increased their production and sales in response to the liberalization
process, facilitate the private sector’s ability to respond to the new opportunities, and

provide the information necessary for policy design and assessment.

2.3.6. Government Policies
Important goals of the Malian rice policy have been to (1) reduce imports, (2)

stabilize urban prices and supply, (3) increase and stabilize rice farmers’ incomes, and
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(4) achieve nationwide food security in rice. The primary mean to achieving these goals
have been the exploitation of water control resources at the Office du Niger, which makes
Office du Niger the centerpiece of rice policy in Mali. Consequently, most of
government investment effort has been focused on the irrigated rice production systems.
Even though there seems to be increased production of rice outside the Office du Niger
system, much of government attention is still focused on the Office (Déme, 1993).
Prior to the 1980s, rice policy in Mali was characterized by an official public
monopoly manifested by (1) panterritorial and panseasonal prices set by the
government', (2) official state (OPAM) monopsony and monopoly in grain trade at all
levels, (3) public subsidies to producers (inputs) and consumers, and (4) a public
monopoly in foreign trade. The official state monopoly was never effective in the market
for coarse grains. State purchases ranged between 10 and 40 percent of the marketed
volume, and exceeded five percent of total estimated production in only two of the
twenty years between 1960 and 1980 (APAP, 1988). State control over the paddy
market was much more effective, however, as virtually all paddy was produced on state-
managed irrigation schemes where farmers were required to sell their production through
an official channel and had no other alternative given the lack of a market for paddy and
the absence of private mills (APAP, 1988). This policy resulted into (1) frequent rice
supply shortages, (2) speculative behavior in the product market, and (3) low and

unstable prices for basic grains.

! In principle, prices for each crop were set on the basis of the estimated cost of production, but in fact
the process was based on compromise among the interests of consumers, processors, and state budget, with
the result that official prices were maintained at low levels (APAP, 1988).
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The policy response to these problems involved numerous initiatives. In the
1980s, a newly designed food strategy (1978), a five-year collaborative effort in grain
market reform called PRMC (Programme de Restructuration du Marché Céréalier or
Cereals Market Restructuring Project)!, and the relaunching of adjustment programs
(PASEP in 1988 and PAS in 1991?) transformed the rice policy environment. Among
these major policy initiatives, the ones that stand out the most include the increase in
cereals producer prices®, cereals marketing liberalization under the PRMC (import tax
reduction from 32.7 percent to 10 percent in 1981 in order to deal with the growing food
deficit, dismantelling of OPAM monopsony in 1986, and the removal of legal prohibition
of private trade of paddy in 1989, which resulted in higher consumer prices and provided
strong incentives for illegal imports), and the removal of producer and consumer

subsidies in 1987 (except for paddy purchased by parastatals).

! The PRMC was initiated in 1981 and it proceeded in three phases: (1) a phased increase in official
grain prices aimed at bringing them in line with market prices and providing higher incentives to farmers,
(2) progressive liberalization of private grain trade, beginning with domestic trade in coarse grains and
extending gradually to domestic trade in rice and to export of local grain (APAP, 1988), and a third phase
in 1990-93. :

2 PASEP is the Sectoral Adjustment Programme for Public Enterprises, while PAS is the Structural
Adjustment Programme.

3 The increase in producer prices was brought about by a reassessment of minimum wage rates (cfa.F
250/day in 1977/78, 400 in 1980/81, and 600 in 1982-1988). The expected increase in production was
constrained by factors such as poor climatic conditions (e.g., 1972-1974 and 1883-84 droughts), food aid,
and world market prices.
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A lack of a good understanding of the domestic grain market compromised the
reform'. This was exacerbated by variations in rainfall, the uncertainty of distribution,
the vulnerability of crop production to drought, and the government lack of financial and
administrative power to guarantee the official price to consumers and producers. The
end result in this environment was the instability in the grain market. Nonetheless, the
government and many of the donors remain committed, in principle, to guaranteeing
prices to farmers as an incentive to increase production (APAP, 1988).

In the late 1980s, the improvement of climatic conditions coupled with increased
World and domestic producer price for rice helped boost domestic rice production. The
promotion of small mills, especially from the late 1980s onwards help changed the
structure of the subsector by reducing concentration, and changing marketing options of
farmers and retailers (Diarra, 1994). Three market price discovery mechanisms are used
by market agents in transactions: (1) private treaty (i.e., private negotiation of the terms
of the deal, usually using prices broadcast on radio), (2) administered pricing (only for
Office du Niger purchases from farmers), and (3) sealed bid (Office du Niger obligation

from the government --under a contract-- to sell by seal bid). In 1990 the World Bank

! For example, it was assumed that the market is made up of two groups of economic agents: on one
side farmers who are net sellers, and on the other side consumers who buy their grains (traditional
assumption in market analysis). An innovative producer survey research conducted by Dioné (1989) in
1985/86 under Michigan State University Food Security II Cooperative Agreement in four producing
regions of Mali (CMDT Nord and Sud, and OHV Nord and Sud) shed considerable light on this issue.
In particular, the study revealed that many farmers make cash purchases of food. In other words, a
significant portion of farmers join the ranks of consumers (they are net buyers of food), especially in bad
years, adding to market demand. In good years, many urban consumers who would buy grain in a bad
year, in fact obtain grain through non-cash exchanges with relatives in the rural areas. As a result, market
demand may be significantly lower in good years than in bad years. This dynamic in achieving self-
reliance has important implications for market reforms in terms of the grouping or typology of producers
and traders and their market behavior that have been discussed extensively by the APAP 1988 Staff Paper
No 23.
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recommended that paddy price be maintained at at least cfa.F 70 per kg, because at as

low as cfa.F 60 per kg of paddy, 70 percent of the farmers would not be able to cover
their costs of production.

In the 1990s, the rice policy environment has been characterized by greater
market liberalization, forecasts suggesting that real World prices of rice will continue to
rise in the next ten years, China becoming a deficit country, the launching of structural
adjustment programs in neighboring countries, price protection measures set up in the
two major countries exporting rice to Mali (Guinea and Mauritania), and more recently,

domestic currency devaluation.



CHAPTER THREE
RESEARCH APPROACH AND DATA COLLECTION

3.1. Scope of the Study

This research focuses primarily on bas-fond rice production. However, as argued
in the conceptual framework section in Chapter One, the study also analyzes how this
system fits into the broader bas-fond farming system, mostly in terms of competition for
labor with other crops. Because cotton, sorghum, and maize are major competitors of
rice for labor, and represent farmers’ main production options, a more detailed analysis
of the relative profitability of these enterprises and demand conflicts is necessary.
Although other options are available to farmers, only these crops are considered in order
for the research to remain manageable, both financially and timewise.

The study also analyzes how bas-fond rice production fits into the broader rice
sub-sector, in terms of domestic rice supply sources, for whom and when the supply is
available, and with respect to rice quality. The geographical area under consideration
is the administrative Region of Sikasso, which covers the CMDT regions of Sikasso and
Bougouni. This area, located in the southern part of Mali, is where most of the
country’s bas-fond rice is grown.

Finally, in order to understand the bas-fond rice production systems and to assess

potential for increasing their production level, it was necessary to collect a wide range
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of farm-level data, including detailed input/output data and socio-economic factors

affecting rice production in these villages, as described in section 3.2.

3.2. Contacts and Sources of Data

The data required for this research was collected in two phases. The first phase
(July 17 to September 30, 1995) involved reviewing available secondary data, and
carrying out an in-country orientation tour and rapid field appraisal. Based on the
understanding developed in the first phase, the second phase was undertaken (December
7, 1995 through April 12, 1996). This phase focused on designing and administering a
formal field survey and informal group discussions in selected villages of Mali-Sud. This

section presents the three data collection methods used during these two phases.

3.2.1. Review of Available Secondary Data

The review of available secondary data provided background data and information
on the physical and institutional environment, as well as historical data on crop
production, price, rainfall, demographics, and policy initiatives. These data were
collected during visits/meetings with officials at WARDA, the Mali’s national Institute
of Rural Economics (IER), the National Direction of Statistics and Computer Science
(DNSI), the National Direction of Agriculture (DNA), and CMDT. The data were used

to develop an overview of the rice sub-sector in Mali.
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3.2.2. Field Rapid Appraisal

The objective of the in-country orientation tour and the rapid field appraisal was
to develop a general understanding of the farming systems in Mali-Sud, especially its
bas-fond component. It was conducted by a research team, including the author and
three national researchers'. In an effort to promote inter-program collaboration between
Malian researchers called for by IER administration and donor institutions, the main IER
programs involved in bas-fond research (the Farming Systems and Bas-Fond Rice
research, all based in Sikasso) were contacted to collaborate in this research effort. In
each village, the team was joined by a local representative from CMDT, the Farming
systems research program, or Séné Yériwaso (a private consulting firm).

During the visits in the villages, discussions with key informants and group
interviews with researchers, extension agents, and farmers provided information on soil
types, land tenure, crop varieties, cropping patterns, animal traction, use of modern input
(fertilizer, seed treatments), water control management, access to credit, and availability
of extension support. Particular attention was paid to identifying issues associated with
the level of investment in bas-fonds, as reflected by water control infrastructure and the
use of purchased inputs. This effort built on a previous IER exploratory study on the

bas-fond rice production carried out in 1994 by ECOFIL (Coulibaly, 1995)

! These researchers are: Bakary S. Coulibaly (agricultural economist), Ousmane Sanogo (agricultural
economist), and Simpara Mamadou (agronomist and hydrologist).



3.2.3. Farm-Level Surveys
3.2.3.1. Brief Overview of the Questionnaires

Insights gained from the rapid appraisal phase of the study guided the design of
field questionnaires. The objective of these surveys was to gather additional and more
specific data about the bas-fond sub-systems, necessary to achieve the study’s objectives.
These data were collected through structured surveys with farmers and farm/field
observations. Three different types of survey modules were implemented, each designed
to collect a specific type of data. These include: (1) a village-level questionnaire, (2) a
production unit (PU) level questionnaire’, and (3) an individual parcel questionnaire
(split into two modules, one for recall and another for monitoring field activities?).

The village-level module focuses on the village,which was administered to the
village chief, and was designed to explore further the social organization, land tenure,
bas-fond history, land distribution guidelines, and conflict resolution issues that effect on
bas-fond rice production. The PU module solicited data on households’ demographic
characteristics (e.g., sex, age, and relationships to the head of the household, active labor
supply), land holdings and farm assets, household production objectives and priorities,
land distribution practices, and farm types and farm operations. The parcel-level

module, which was administered to one farmer (with a plot in the bas-fond) in each

' A PU is defined here to include individuals involved, on a medium to long-term basis, in the
household’s production activities (they form the production unit) and are fed from the household’s
production. It can be a single nuclear family or a group of nuclear families.

2 It was necessary to split the individual parcel questionnaire into two modules because the survey was
launched half way into the cropping season. Activities already completed at the time the survey started
were grouped into the recall module, while those expected to be undertaken during the survey were
grouped into the monitoring module.
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selected household, collected data on the farmers’ agricultural production objectives and
priorities, the institutional backstopping, cropping calendar, time spent on farm
operations by labor category, input use level, expenditures on hired labor and purchased

non-labor inputs, production constraints, and crop yields.

3.2.3.2. Questionnaire Administration

These three questionnaire modules were administered by 12 trained enumerators,
each based in a selected village. While the village-level and PU-level questionnaires
were administered during one or two visits, the farm-level questionnaire was
administered through multiple visits as a monitoring activity, according to the timing of
the activities. This approach to data collection, known as the cost route approach, has
been used by many researchers in Africa' (Spencer, 1972; Norman, 1973; Kamuanga,
1982; Fotzo, 1983; and Eponou, 1983).

Although the cost route approach has often been criticized on the grounds that it
is not cost-effective and farmers may not sustain their interest during repeated interviews,
it was used in this study in an effort to reduce recall errors, and farmers remained
cooperative despite frequent interviewing. In most applications of the cost-route
approach to data collection, the frequency with which the farmers are formally

interviewed depends on the researcher’s confidence in the ability of the farmers to

! Other methods for collecting micro-level data from farmers include model or case farm study, farm
account book, and farm business survey. These alternative approaches were not used either because the
farms studied are atypical and could therefore not be used as representing a given system of production (as
is the case for model farm study), or because farmers in this part of the world do not keep farm records
(case for model farm study).
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remember the required details on a past operation. In our case, farmers were
interviewed once for major activities that last no more than a few days. Multiple visits

with recording were used for activities lasting more than a week.

3.2.3.3. Enumerators Training and Supervision

Both enumerators and data entry agents were recruited in July 1996 from a set
of individuals who had previously served as enumerators in formal IER/ECOFIL’s
surveys. [Each enumerator participated in a two-day training course consisting of
instructions about the purpose of the study, definition of the terms used in the survey
(e.g., PU), and the research schedule, as well as making sure that the questions have the
same interpretation for all enumerators. At the end of the training, each enumerator was
assigned to a village, then the enumerator was taken to this village where he resided
throughout the survey after a formal introduction to the village chief and his assistants.
Actual data collection started in September 1995 and proceeded until March 1996.

The research team closely monitored survey implementation within the limits
imposed by the logistics and budget constraints. The main objectives of this supervision
was to ensure that the enumerators’ work was on schedule, to check completed
questionnaires for errors and completeness, to provide instructions, explanations and

guidance to the enumerators, as well as to carry out group interviews with farmers.
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3.2.4. Informal Group Discussions in the Villages

In addition to the formal surveys, focused informal group discussions were carried
out in each selected village to inform issues identified during farm-level data collection,
but for which the data collected was insufficient to adequately address. Such issues
included the village land tenure both in the bas-fond and in the uplands, the female
gender dominance as bas-fond farmers, and the strategic importance of rice production
for the households and the individual farmer. Each group interview lasted about two
hours and involved separate groups of male and female farmers in the villages. These

discussion groups were held during the monitoring tours in the villages.

3.3. Sample Selection Procedure and Methods

Given the diversity of bas-fond production environments in Mali-Sud, this
research was designed as a case study. Based on the available funding and concerns for
assembling a manageable data set, a purposive sample of twelve bas-fonds was selected
for the study. Village selection was done in Sikasso in collaboration with the local
Farming Systems (ESPGRN) and Bas-Fond Rice (PRBF) research teams. Researchers
proceeded in three phases.

First, relying on the level of knowledge available on the bas-fonds in Mali, the
research team drafted a list of variables assumed to influence agriculture in the bas-fond.
This list was then discussed with the researchers and narrowed down to five key
categorical variables to be used as a basis for identifying bas-fonds that will be included

in the sample. These variables are: (1) the existence or not of a water control
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infrastructure, (2) the village’s cotton production history (none, recent crop, "old" crop),
(3) the intensity use level of the bas-fond (one crop, two crops, more than two crops in
a year), (4) the distance to a major market (less than 15 km, more than 15 km), based
on walking distance, and (5) the gender of farmers cropping in the bas-fond (male
dominated, female dominated, male and female equally represented).

Second, a two-way table with a number of bas-fonds suggested during the meeting
and the key factors identified was then drafted and reviewed by the researchers in order
to graphically show the distribution of these five factors and identify biases. Also, the
concern to have a sample that took into account the spatial distribution of rainfall was
considered. At the end of this review process, six bas-fonds were selected for the
CMDT region of Sikasso--hereafter referred to as Sikasso villages-- (Kado, Kafuziéla,
Longorola, Niéna, Péniasso, and Sikasso), while six were identified in the CMDT region
of Bougouni--hereafter referred to as Bougouni villages-- (Banko, Diassola, Faradjélé,

Faradié, Sola, and Solo). Table 3.1 presents some characteristics of these villages.
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Table 3.1: Some Characteristics of the Sampled Bas-Fond Villages, Mali.

. Water
Area (ha) Arrondissement Control

Villages  Population Latitude Longitude

Kado 3,452 10.5568 -5.7676 108.18 Kadiolo yes

Kafuziéla 1,625 11.4381 -5.6103 69.32 Sikasso no
Longorola 540 11.4552 -5.6111 330.00 Sikasso yes
Niéna 3,457 11.4255 -6.3523 128.50 Niean yes
Péniasso 840 11.4710 -5.6279 125.00 Sikasso yes
Sikasso 73,000  11.3094 -5.6659 na® Sikasso no
Banko 806 11.1086 -7.4169 35.00 Garalo no
Diassola 221 11.9251 -7.0278 3.00 Sanso yes
Faradjélé 438 11.3509 -7.6254 30.32 Bougouni no
Faradié 398 11.9832 -7.4930 34.00 Dogo-Sikasso yes
Solo 1,400 11.7240 -7.6981 32.00 Keleya no
Sola 1,900 11.2841 -7.3148 300.00 Zantiebougou no

® "na" indicates that this statistic was not available and could not be measured.
Source: Survey data.

Third, researchers went into these villages, described the study objectives, the
random selection procedure and the entire research process and schedule to the village
chief and his collaborators, and asked for their verbal consent to include the village in
the sample. During this process, the researchers did not experience any refusal or drop
out.

After selecting the research sites, the first task was to select a sample of
households. This was left to the enumerators who were required to use the same

selection method and procedure. From the list households with at least one parcel in the
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bas-fond in each of selected villages, nine of the 12 enumerators selected a random
sample of 35 households in collaboration with the village chief and extension agents.
Only 30 were included in the sample while the remaining five were supposed to be used
to replace drop-outs or refusals, following the order of selection'. In two of the
remaining villages, all households were selected because the total number was less than
30. These villages are Diassola (19 households) and Faradjélé (27 households). Finally,
in the remaining bas-fond (Sikasso), only 20 of the selected 35 households were
interviewed due to difficulties to contact the farmers who are in a peri-urban area. In
total, 336 households were randomly selected in the 12 bas-fond sites.

In each selected household, one of the household’s bas-fond parcels was randomly
retained for monitoring. At the beginning of each new interview, each enumerator
described the study objectives to each individual respondent and asked for her/his verbal

consent to the interview before administering the questionnaire.

3.4. Data Preparation and Analysis

Data preparation involved data entry and cleaning. Data entry proceeded in three
phases. First, SPSS? data entry file were designed and created. This involved a
definition of the variables and their labels, variable types, value labels, and valid entry
specifications (i.e., variable value ranges). Second, the questionnaires were coded to

simplify data entry and analysis. This was necessary because the questionnaires were

! During the questionnaire administration, the enumerators did not experience any refusal or drop out.

2 Statistical Package for Social Sciences.
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only partially precoded. To do this, it was imperative to develop a code sheet. Each

respondent to the three questionnaire modules was given an identification number. All
data files used this identification number rather than the name of the respondent. One
administrative file linking the village, the households and the parcels was used as a
check. The coding was done by the data entry agents, using the code sheet.

Third, the researchers then cross-checked the coded questionnaire to minimize the
errors and ensure consistency. In general, individual performance for enumerators and
data entry agents was satisfactory. Actual data entry started on February 1, 1996 with
three agents and continued until April 11, 1996. While the data were entered as SPSS
files in Mali using MSU and IER/ECOFIL computer facilities, data cleaning and analysis
were done at the MSU campus in the United States. Data cleaning was done from April
through June 1996 using visual inspection and SPSS cleaning rules and ranges. Data
analysis then followed, starting with detailed examination of the data to identify mistakes
and extremes, using histograms, boxplot, and simple statistics (mean, mode, median,
variance). In addition, the statistical assumptions of normality and homogeneity of
variances were evaluated using the SPSS test of normality (and probability plots) and the

Levene test procedure, respectively.

3.5. Data Limitations
3.5.1. Representativeness of Bas-Fonds and Rice Production Systems
It should be noted that while the five factors used to select the sample villages

may describe diversity in bas-fonds in Mali-Sud, they may not be equally important.
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Therefore, it would have been necessary to determine their relative importance in terms
of factors such as area to assess (ex-post) the representativeness of the selected sample
and the extent to which the inferences that are drawn from this sample can be generalized
to the Mali-Sud area. Unfortunately, the information necessary to facilitate this
assessment was not readily available.

However, although the study was designed as a case study, emphasis was given
to selecting a sample that is widely dispersed across the bas-fond villages in order to be
able to make valid and reliable inferences about the various sub-systems and the overall
Mali-Sud bas-fond rice production. To address this concern, a stratified random sample
of bas-fonds could have been selected, using toposequence as a key stratification variable,
since it is likely to be a major determinant of farmers’ investment in improved
technologies' (especially variety and fertilizer), in addition to variables such as farm
household equipment. Three toposequence strata are often referred to in the literature,
namely, low, medium and high elevation fields. Although these concepts are
theoretically appealing, they are difficult to operationalized, since the meaning of each
stratum is defined relative to the particular bas-fond under consideration. Thus, it is
difficult to make inter-bas-fond comparisons. As a result, in order to use toposequence
as a meaningful stratification variable, one needs objective criteria to measure not the

toposequence but the service that it provides (e. g. , water depth, duration of standing water).

! A major characteristic of all bas-fonds is that there is a gradient of water availability and soil texture
and related physical and chemical properties along the toposequence. As a result, scientists use the
gradients along the bas-fond slopes to study crop response to stresses. These studies showed the value of
screening and understanding processes related to soil properties and water availability along the
toposequence (Carsky and Masajo, 1992). In addition, farmers often utilize the diversity of conditions
found along the toposequence to diversify their crops.
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Because of the difficulty involved in identifying and measuring objective
indicators of the service provided by the toposequence, the research team decided to use
a purposive sample of bas-fonds systems. The option of selecting a random sample of
bas-fonds systems was rejected because a random sample ensures representativeness only
if it is large enough. With a small sample, it is necessary to know the population
characteristics in order to ensure representativeness through stratification. While this
information was not readily available, a simple typology of bas-fonds systems was
developed through interviews with key informants. Using this typology as a guide,

systems were selected to represent each major bas-fond type.

3.5.2. Cross-Sectional Analysis Problems

Given the one-season nature of the data used in the analysis, the findings reported
in this dissertation are specific to the particular conditions that prevailed at the time the
data were collected, especially for rainfall. Time series would have enabled one to take
into account intertemporal considerations in the farmers’ environment. This pioneer
research could not possibly have been done with time series. Subsequent research would

have the possibility to integrate intertemporal variations.

3.5.3. Measurements and Estimation Errors
A good deal of the data collected for this study is recall data. This was especially
the case for labor use and input application rates. Typically, recall data are associated

with the concern for reliability of the answers provided by the respondants, especially
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when the information is requested for an operation a farmer performed way back in the
past. To minimize such errors, SPSS exploratory techniques (i.e., examine, rules and
ranges) were used to examine the data and eliminate outliers. These techniques also

helped identify and correct data entry errors and response inconsistencies.



CHAPTER FOUR
BAS-FOND FARMERS CHARACTERISTICS AND RICE PRODUCTION
PRACTICES

4.1. Introduction

Because government investment directed at increasing rice production has
previously focused primarily on irrigated systems, very little information is available as
to the importance of bas-fond rice production and its potential for greater intensification.
To fill this information gap, this chapter (1) summarizes the characteristics of bas-fond
farmers (i.e., education, gender, size of production unit and labor availability), (2)
describes farmers production practices and (3) discusses the need for effective water

control.

4.2. What Is a Bas-Fond

In Southern Mali (Mali-Sud), bas-fonds are narrow inland valley swamps that used
to be permanent rivers, but which have dried up with declining rainfall. During the rainy
season, the water table in these swamps rises due to overflow from small rivers, seepage
and slope surface runoffs from adjacent upland, generally supplying water throughout the
growing season (Figure 4.1). The standing water level in these bas-fonds ranges from

a shallow/medium depth (25-50 cm, 2-5 months) to deep water (50-100 cm). Their
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length may extend over 25 km and their width varies from around 10 m in the upper

levels to about 100 m in their lower stretches.

Hydromorphic fringe

Upland :

——————-

Rainy season ground water table

Dry season ground water table

Figure 4.1: Schematic Representation of a Bas-Fond Profile,
its Fringes, and Ground Water Table.

Because the rate of soil erosion is high in the valley slopes due to limited
vegetative coverage, finer particles of sediment accumulate in the bottom of the bas-fond.
Based on discussions with farmers, both soil erosion and sedimentation create a gradient
of soil structure and related physical and chemical properties along the toposequence in
the bas-fond, an observation which is also supported by the literature (Carsky and
Masajo, 1992). In bas-fonds without water control, the valley bottom tends to be sandier

than the fringe because the rapidly flowing water prevents sedimentation. Various
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studies have established a close relationship between the edaphic (i.e., soils) and
hydrologic (i.e., water) conditions along the bas-fond toposequence and variable rice crop
growth in the valley (Bertrand, 1973).

Despite their small size (Table 4.1), Mali-Sud’s well-watered bas-fonds offer
farmers an opportunity to produce rice during the rainy season and to cultivate various
upland crops in the valleys during the dry season. While this potential is important, it
has not been fully utilized. Mali-Sud possesses the largest potential for bas-fonds in
Mali, equal to about 3-5% of the total Mali-Sud land area. While an exhaustive
inventory of all bas-fonds in Mali has yet to be made, a partial inventory conducted by
CMDT in 1992 revealed a potential of 48,657 ha of bas-fond', with only five percent

hectares under some type of water control (CMDT, 1992).

4.3. Stylized Facts about the Sampled Villages

Although this research focuses on food production rather than social organization,
it was apparent to the researchers that the 12 villages sampled differ in terms of socio-
cultural characteristics. However, there exists broad social characteristics common to
these villages. First, in all villages, kinship relationships strongly influence access to
land. Second, with the exception of "urban villages" such as Kado and Sikasso, the
villages exhibited dispersed and non-nucleated settlement patterns that translate into

hamlets, each of which may represent a section of a dominant lineage, or separate

! This inventory recorded in 1,474 ha of bas-fond in the CMDT Region of Niéna, 7,642 ha in Niéna,
10,498 ha in Kléla, 22,549 ha in Kignan, and 6,494 ha in Kadiolo. In addition, about 173,000 ha of
flooded plains were recorded.
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lineages. In general, each village has a dominant founding lineage (clan) and one or
more affinal lineages created by matrilocal marriages or the relocation of migrant settlers
(e.g., the Dogon settlers). While the dominant lineage has had superior rights over land,
these rights tend to be weakening.

Despite the administrative boundaries, the villages do not have a distinct physical
identity because inter-hamlet ties often cut across official boundaries. Rather, each
village has a clear social identity which is defined by a single large male lineage and
kinship relations. The practice of endogamy (i.e., marriage inside the village) in a
Muslim society reflects the tacit view of the village as a large, unilineal descendent
group. The village is also a unit of customary rights over resources such as grazing
land, hunting bush, and fishing areas. However, these "tribal" villages are far from
being homogeneous units. As a result, researchers and extension agents need to
understand the existing social organization if they are to work effectively and promote
broad-based participation.

From farmers’ perspective, crop production and animal husbandry are the most
important activities in the 12 villages surveyed, both in terms of PUs’ labor allocation
and these activities contribution as sources of food and income. However, although
secondary in importance, trade, hunting, handicraft, and fishing are a significant source
if income in many PUs.

Six of the 12 bas-fonds have some type of water control infrastructure, all of
which were constructed by CMDT, except in Péniasso, where the funding was provided

by a local investment fund (Table 4.1).
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Table 4.1: Characteristics of the Sampled Bas-fonds, Mali, Rainy Season 1995-96.

N .

parcels (years)
Bougouni
Banko 35.00 92 no <3
Diassola 3.00 53 yes >5
Faradjélé 30.00 na no <3
Faradié 34.00 81 yes <3
Sola 300.00 172 no <3
Solo 32.00 187 no >5
Sikasso
Kado 108.18 111 yes >5
Kafuziéla 69.33 378 no > 5
Longorola 330.00@ 260 yes 0
Niéna 128.50 526 yes >5
Péniasso 125.00® 180 yes > 5

Sikasso na na no 0

@ Extends over more than one village (Longorola and Zanadougou) and only 57.96 ha
benefit from the water control infrastructure.

® QOnly 25 ha benefit from the water control infrastructure.

"na" indicates these data are not available.

Source: Village-Level Survey in 12 Bas-Fond Villages in Mali-Sud.

The bas-fond area under cultivation in the sampled villages ranges from
approximately three to 330 hectares, which are subdivided into 53-526 plots (Table 4.1).
However, some parts of these bas-fonds are not cultivated because of higher production

risks associated with either too much water or no water at all.
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Of the 12 villages, 10 have a history of cotton production, although villages in
the Sikasso region have generally been growing cotton for a longer period than those in
Bougouni (Table 4.1). Thus, one would expect that these villages will benefit from the
presence the cotton extension service (i.e., CMDT) which provides greater access to
inputs. This issue is discussed in Chapter Five, which focuses on technologies adoption.

In general, bas-fond lands ownership is communal. Plots are allocated to their
users (predominantly women) based on customary rules. In the rainy season, these
valleys are planted to rice and, to a lesser degree, to vegetables and potatoes.
Increasingly, potatoes are becoming important cash crops. In the dry season, however,
the majority of the bas-fonds are fallowed and used for grazing livestock. See section

4.5.1 for a discussion of the bas-fond land tenure and type of water control investments.

4.4. Demographic Characteristics of PUs in the Sampled Villages
4.4.1. Size and Demographic Composition
4.4.1.1. PUs are Large with at Least Two Households

In the 12 villages surveyed, the production units (PU) are generally large, both
in terms of the number of households and the number of individuals. On the average,
there are about two households per PU. However, this mean value is significantly
(P=0.007) higher and more variable in the sub-sample of villages located in the CMDT
region of Sikasso (mean=2.53 with a standard deviation of 2.19) than in villages in the
Bougouni region (mean=2.0 with a standard deviation of 1.42). When all PUs are

considered, 57.6 percent of them have more than one household (range = 35.0-83.3
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percent). The percent of PUs with more than one household is higher for the sub-sample

of Sikasso villages (63.9%) than for that of Bougouni (51.2%).

4.4.1.2. Large Households Averaging 15 People include 46-64% Females

Across the entire sample, each PU is composed of an average of 15 people
(including children) with a standard deviation of 10.9. However, the average number
of PU members is significantly (P=0.061) higher and more variable' in Sikasso villages
(17 people) than in Bougouni villages (14 people). In both regions, about one-half

(45.7% to 55.8%) of the PU members who are 15 years or older are female.

4.4.1.3. Farm Labor Availability

Although across the sample, PUs have an average of 15 people, only 66.5 percent
of these members significantly contribute? to farm production activities. However,
among males, the proportion who contributed agriculture labor is higher (85.9%) and less
variable® than that of female (64.4%) members. While PUs in Bougouni are smaller

than those in Sikasso, the percent of its members who contribute to agricultural activities

! The standard deviation for the size of PUs in the Bougouni and Sikasso villages are 8.34 and 12.77,
respectively. The number of people living in a PU in the Sikasso villages ranges from between three to
94, as opposed to two to 61 in Sikasso. Overall, only 8.7 percent of the PUs have less than six members
and 63.2 percent have more than 10. While both groups of villages have the same proportion of PUs with
more than 10 members (about 63.0%), Sikasso villages have more PUs with five to 10 people (30.4% vs
25.9%) and less PUs with less than 6 individuals (6.5% vs 10.8%) than Bougouni.

2 PU heads were asked to classify individuals’ contribution to agriculture labor as significant or not.
Non significant contributors among the PU members include small children and old people who perform
little or no farm work.

3 The standard deviation for the male farm labor across the sample is 26.1, compared to 40.6 for
females.
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is higher and less variable' regardless of gender (80.5% in Bougouni vs 51.8% in

Sikasso) as well as among male (91.6% in Bougouni vs 80.0% in Sikasso) and female
(86.8% in Bougouni vs 40.8% in Sikasso) members in the two groups of villages.

The number of hours of farm labor each PU member provides during a given
period of the cropping season depends on several factors, including the number of hours
other family members do farm work, the extent of off-farm commitments such as trading
or hunting, the task performed, and their attitude towards leisure. Thus, the labor a PU
actually has available for farm activities is less than its stock of labor (i.e., the potential
number of hours of work PU members could provide). Because differences in gender
and age affect individuals’ work ability, economists often estimate labor input in person-
days, where a person-day refers to a person working a certain number of hours per day.

In practice, it is difficult to accurately measure the differences in labor input
mentioned above. Various researchers have used weights based on criteria such as
average caloric intake for different labor categories (Haswell, 1953), age categories
(Spencer, 1972), and age/gender categories (Norman, 1973). However, given these

measurement difficulties, this study does not use any weighting scheme.

4.4.1.4. Gender and Age Distribution of PUs’ Heads
In both the Bougouni and Sikasso regions, virtually all PUs (99.4%) are headed

by relatively old males. For the entire sample, PU heads average 56 years of age.

! The standard deviation of the percent of PU members who contribute to farm labor regardless of
gender is 15.0 in Bougouni and 27.4 in Sikasso. While the percent of male PU members contributing to
agriculture labor is 18.0 in Bougouni and 31.5 in Sikasso with a standard deviation of 31.5, the percent
among female members is 21.6 in Bougouni and 42.3 in Sikasso.
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However, PU heads are slightly older in the Sikasso villages (58 years with a standard

deviation of 12.7) than in the Bougouni villages (55 years with a standard deviation of
14.2). While the youngest PU head is about 25 years old in Sikasso and 18 years in
Bougouni, only about 2.1 percent of all PUs’ heads are less than 30 years old, and 77.8

percent are more than 40.

4.4.1.5. Implications for Research and Extension

The large size of the PU in Mali-Sud bas-fond villages seems to suggest the
existence of a large pool of farm labor in these units and that labor-intensive technologies
may be appropriate. However, access to farm equipment, farm size, and the labor
requirements of technologies need to be considered in assessing the importance of the
‘ farm labor stock available in PUs. Later in this chapter, the correlation between the PU
labor size and total area the PU cultivates, and its implications for increased production

through labor-intensive technologies or area extensification are examined.

4.4.2. Education Level of the Members
4.4.2.1. The Formal Schooling Rate Is Low, Especially among Females

For the entire sample of PUs surveyed, only 10.6 percent of the members in each
PU (both genders combined) have formal schooling' (Table 4.2). In general, the formal

schooling rate is higher in the more urbanized villages such as Sikasso (46.4%), Niéna

! The term formal schooling refers to education in formal schools at the end of which a certificate of
achievement is awarded to graduates. In contrast, adult literacy training refers to any type of education
provided to farmers in rural areas (reading and writing), generally by extension staff, with the objective
to improve interactions, technology adoption and application.
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(18.6%), and Kado (15.7%). For the entire sample, the formal schooling rate is lower

among female members (4.1%) than among male members (9.7%). The only villages
with a female formal schooling rate > 10 percent are Sikasso (32.6%) and Kado
(10.0%), which can be explained by the urban nature of these villages. In contrast, the
low rates in the other villages can be attributed to the lack of schools, as well as the
dominant Muslim religion and the cultural bias against female education in the rural
milieu. In general, the schooling rate is significantly lower in Bougouni villages than in

Sikasso villages, both across genders, as well as within each gender group.

Table 4.2: Average Formal Schooling and Adult Literacy Training Rates Per Production
Unit, by Gender, Mali, 1996.

Education/Gender Entire Sample Bougouni Sikasso
Number of PU Sampled 334 166 168
Formal Schooling (%):
Male 9.7 5.9 13.4
Female 4.1 1.9 6.3
Both 10.6 49 16.0
Adult Literacy training (%):
Male 18.0 22.2 13.9
Female 3.5 6.0 1.1
Both 14 10.0 4.8

Source: Survey of 334 Production Units from 12 Bas-Fond Villages in Mali-Sud.
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4.4.2.2. Adult Literacy Training Rate Is Low, Especially among Females

Similarly, Table 4.2 shows that while adult literacy training is low across the
entire sample (7.4 %), it is higher for males than females, both across and within the two
regions, and it is higher in Bougouni than in Sikasso, with and without regard to gender
(Table 4.2). A comparison of the formal schooling and adult literacy training rates
across the entire sample shows that, the PUs’ average formal schooling rates are higher
than the adult literacy training rates (Table 4.2). However, for the entire sample, while
about the same percentage of females in a PU have formal schooling (4.1%) as have
adult literacy training (3.5%), twice as many of PU’s male members have adult literacy
training (18.0%), compared to those having formal schooling (9.7 %).

Overall, about 76.0 percent of the PU heads have no education at all, and only
13.1 percent have adult literacy training. However, as expected, the proportion of PU
head with no education (i.e., no formal education and no adult literacy training) is higher
in the villages with a low level of urbanization such as Kado (4.5%) and Sikasso

(65.0%).

4.4.2.3. Implications for Research and Extension

The low rates of formal schooling and/or adult literacy training suggest that to be
effective, researchers and extension agents must take it into account farmers’ limited
education background in their daily interactions with farmers. In particular, this implies
that (a) the technological packages that are developed and promoted should be simple in

their content and application, and (b) researchers and extension agents should rely on
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communication strategies that take into account farmers’ education (e. g., radio messages

in local languages, and visuals)!.

4.5. Agricultural Production in Sampled Production Units
4.5.1. Farm Equipment and Livestock Holdings

The data collected during this study show that animal traction is widely used in
Mali-Sud (Table 4.3). In all villages sampled except Sikasso and Longorola, more than
40 percent of the PU have at least one oxen and one plow. However, very few PUs own
a multi-purpose plow, harrow or a seeder. Interestingly, PUs in villages involved in
cotton production tend to own more equipment than those with no cotton experience?.
This is because the cotton extension service (CMDT) provides farm equipment credit for
cotton producers.

An analysis of the correlation between the total area cropped by a PU (upland and
bas-fond combined) and their farm equipment holding (i.e., plows, oxen, and donkeys)
revealed a significantly strong positive relationship (i.e., r=0.6) with (i) oxens in 10 of

the 12 sampled villages except Sola and Sikasso, (ii) donkeys in five villages, (iii) plow

! In a broader context, it would be important to promote greater interest to education, as this could
have a potentially significant impact on technology adoption, assuming the technologies are appropriate and
effective. As Schultz (1990) note, "the decisive factors of production in improving the welfare of the poor
people are not space, energy and cropland; the decisive factors are the improvement in population quality
and advances in knowledge." Generally, education, be it formal or adult literacy, accounts for much of
the improvement in the quality of human capital. However, because national education policies tend to
favor urban at the expense of rural people, research and extension should focus on developing technologies
that are relatively simple.

2 An analysis of the association between the level of each type of equipment owned by a PU and village
years of experience with cotton production (using Pearson chi-square --x*--, Phi, coefficient of contingency
and Cramer’s V) revealed a highly significant relationship (i.e., P < 0.001) between these two variables.
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in eight villages (Appendix 4.1 and 4.2). However, this equipment is primary used in

the cotton fields and other collective upland fields. Nonetheless, their use reduces
farmers’ (especially women) labor requirements in the upland, thereby increasing their

availability to work in the bas-fond fields.

Table 4.3: Proportion (%) of Production Units With at Least One Unit of Each Farm
Equipment Type, by Village, Mali, 1996.

Multi-

plow®

Banko 30 70 33 20 3 13 73 30
Diassola 19 68 10 21 0 5 53 10
Faradjélé 27 72 44 48 0 33 85 37
Faradié 30 43 23 27 0 3 40 23
Sola 30 77 27 33 0 27 60 23
Solo 30 47 33 7 7 3 47 23
Sikasso
Kado 30 50 43 37 23 37 57 33
Kafuziéla 30 100 100 80 0 30 93 87
Longorola 30 27 33 10 0 0 3 20
Niéna 28 86 54 32 14 29 79 57

@ Each PU has only one unit of each of these implements.
® Number of Production Units (PU) sampled.
Source: Survey of 334 Production Units in 12 Bas-Fond Villages in Mali-Sud.
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4.5.2. Number of Fields per Production Unit

During the 1995-96 rainy season, the 334 PUs surveyed planted 2,298 fields. Of
these, 42.6% were upland fields and 57.4% were bas-fond fields. When all upland and
bas-fond fields are combined, the average PU managed seven fields (with a standard
deviation of four). While this average number, which is equivalent to one field for every
two PU members, is = 10 in only three villages (Faradjélé, Faradié and Péniasso), it
tends to be higher in the Bougouni villages than in Sikasso.

In seven of the 12 sampled villages', there is a highly significant (P<0.01) and
strong positive correlation (i.e., r = 0.6) between the total number of PU members =
15 years old and the total number of fields planted (Appendix 4.4). These relationships
hold both within and across gender groups. In contrast, in the other five villages, no
significant relationship was found. While the absence of strong correlation between labor
stock and number of fields in Kado can be explained by the fact that Kado is an urban
center in which most of the sampled farmers work outside their homes, it is not clear

why this relationship was not significant in Niéna, Solo, Sola, and Diassola.

4.5.3. Field Sizes

Data from the sampled PUs show that upland fields are generally larger than the
bas-fond fields. Upland fields averaged 1.2 ha (with a standard deviation of 1.3)
compared to 0.3 ha (with a standard deviation of 0.5) for the bas-fond fields. In both

cases, these averages were higher in the Sikasso villages than in those in Bougouni. For

! These seven villages are: Banko, Faradjélé, Faradié, Kafuzi€la, Longorola, Péniasso, and Sikasso.
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the entire sample, 48.2 percent of the upland fields were < 1.0 ha, 29.4 percent were
< 0.5 ha, and 14.4 percent were < 0.25 ha. In contrast, 96.3 percent of the bas-fond
fields were < 1.0 ha, 84.3 percent were < 0.5 ha, and 47.1 percent were < 0.25 ha.

In eight! of the 12 sampled villages, there is a highly significant (P <0.01) and
strong positive correlation (i.e., r = 0.6) between the total number of PU members =
15 years old and the total area planted in the upland, both within and across gender
(Appendix 4.5). In contrast, there is no correlation between these two variables in Sola,
Solo, Niéna and Sikasso.

However, there is a highly significant (P <0.01) and strong positive correlation
(i.e., r = 0.6) between the total number of PU female members = 15 years old and the
total area planted in the bas-fond in only two of the 12 villages (Banko and Longorola)
and a significant (P <0.05) but weak relationship (r=0.4) in Faradjélé, Faradié, Sola,
and Niéna (Appendix 5). In contrast, there is no correlation between these two variables
in Diassola, Solo, Kado, Kafuziéla, and Sikasso.

The correlation results across gender in the uplands are fairly consistent with the
ones observed when the number of fields is used instead of area planted, except in the
urban centers (i.e., Sikasso and Kado). These results suggest that policies aimed at
promoting increased rice production through area expansion should be different for these
two groups of villages. A strong correlation between area planted and number of PU
members available for farm work suggests a potential labor constraint. Thus, increasing

the rice area planted may require reducing the area planted to other crops or the

! These villages are: Banko, Diassola, Faradjélé, Faradié, kado, Kafuziéla, Longorola, and Péniasso.



86

introduction of labor-saving technologies, if the labor stock remains unchanged. Whether
or not farmers would be likely to adopt such changes is an empirical question that needs
to be addressed before any such policy can be promoted.

Alternatively, area extensification has a better chance of being successful if labor-
saving technologies are made available and accessible in order to relax the labor
constraint and allow farmers to increase rice area without necessarily having to reduce
the size of their upland fields, assuming the rice enterprise is financially profitable
relative to other farm enterprises and farmers have access to input and output markets.
In villages where only a weak or no relationship exits between labor availability and farm
size, the success of rice extensification strategies may be more successful, even with
labor-intensive technology. However, in either case (i.e., where there is or there is no
relationship), the success of rice extensification strategies is constrained by the limited

bas-fond land, as is discussed in Chapter Five section 5.4.2.2.

4.5.4. Cropping Systems

Based on area and number of fields planted during the 1995-96 rainy season,
mixed cropping was less frequent than sole cropping, both across and within the two
CMDT regions (Appendix 4.6).

Based on the total number of farm enterprise fields planted, rice fields were by
far the most frequent (43 %) of all fields in the entire sample (Appendix 4.6), followed
by pure stands of maize (11%), peanut (9%), finger millet (8%), cotton (8%), and

sorghum/millet intercrop (8 %). However, in terms of area cropped, rice fields accounted
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for a smaller proportion (16 %) of the total area planted than maize (21 %), cotton (20%),

and sorghum/millet intercrop (17%).

While these results suggest that rice is an important crop in the bas-fond villages,
they also confirm that (1) based on total area planted, cotton is more important in the
CMDT region of Sikasso (25%) than in that of Bougouni (14%), and (2) the dominant
upland cropping system in these villages is the rotation cotton/cereal rotations. While
the main cereals fields in the much drier CMDT region of Bougouni is the millet/

sorghum intercrop, maize and rice fields are most frequent in the Sikasso region.

4.5.5. Field Types

In general, PUs plant three types of fields: collective fields, men’s individual
fields, and women’s individual fields. PUs give the highest priority to collective fields
in terms of their allocation of available labor and farm implements, and most production
decisions are made by the head of the PU. In contrast, individual fields are the
responsibility of their owners.

The analysis reveals that, contrary to a widely held perception, all three field
types are found in the upland as well as in the bas-fond. In terms of number of fields
planted during the 1995-96 planting season, in the upland, collective fields are the most
frequent (78.9%) of all fields types, and men’s individual fields represent less than five
percent (4.5%) of the area planted (Table 4.4 and Appendices 4.6). In contrast, in the
bas-fond, women’s individual fields are the most frequent (86.1%) of all fields types, and

men’s individual fields also represent less than five percent (3.1%) of the area planted.
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In terms of area planted, collective fields are larger (mean = 1.5 ha in the upland
and 0.8 ha in the bas-fond) than individual fields (mean < 0.8 ha in each locations). In
both the upland and the bas-fond, women’s individual fields are smaller than collective
and men’s individual fields, due partly to the continuous reapportioning of their plots.
These results, which are based on the entire sample, also hold at the regional level.

Although these results on the distribution and relative size of the main three field
types identified confirm that rice production is dominated by women’s individual fields,
it is important to note that a significant proportion of the rice area is under collective
(10.7%) and men’s individual (3.1%) fields. This is particularly true in the Sikasso
villages, both in terms of total rice area planted and number of rice fields (Table 4.5).
Subsequent discussions will argue that these two groups of farmers have gender-specific
concerns that influence their thinking, feeling, and ability to act. Thus, the composition
and distribution of bas-fond field types suggests that research and extension strategies
should be sensitive to gender-centered perspectives.

On a crop-by-crop basis; across the entire sample, upland crops are predominantly
sown in collective fields, except for finger millet (in pure stand or in association with
bambara nuts-- dah) and peanuts (to a lesser degree) for which the majority of the fields
are women’s individual parcels (Appendix 7). This is true both based on the number of

fields planted and the total area cropped.
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4.6. Characteristics of Bas-Fonds Production Systems

Bas-fonds are highly complex and heterogenous agroecosystems. First, bas-fond
fields are generally cultivated by small-scale farmers who also cultivate upland fields.
Because these farmers are still largely subsistence oriented, there is pressure on them to
become more integrated in the market system. Second, although different production
skills are required, there exists an interrelationship between rice and upland crops such
as cereals and potatoes. Finally, bas-fond rice production systems are influenced by the
water regime (deficit, excess or optimum) which is determined by the bas-fond
topography (flat or undulated) and water drainage quality (good or poor)-- factors that
influence input use level, crop preference, and labor gender.

This section discusses of rice farmers’ production resources and related issues,
farmers’ production practices and cropping calendar, as well as the adoption of
"improved" varieties, fertilizer and herbicide application, and the distinctive
characteristics of the adopters. The section ends with an analysis of rice yields and their
determinants and a discussion of the potential contribution of bas-fond production to

Mali’s domestic rice supply.

4.6.1. Farmers’ Production Resources: Water, Land, and Labor
4.6.1.1. Water Management Is of Central Importance

The level and spatial distribution of rice yield and growth is controlled primarily
by climatic and edaphic conditions (Reinhold, 1991). The most important climatic

factors are water availability during the growing season, relatively high air and soil
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temperature, adequate solar radiation, and relatively rain-free conditions during the
ripening period'. Important edaphic factors (i.e., soil related) include a relatively
leveled field and good internal drainage, and favorable chemical and physical properties
in the soil itself. However, water availability is the most critical of all these factors
(Reinhold, 1991).

The major benefits from flooded soil are that it enhances the availability of
nutrients (especially nitrogen, phosphorus, iron, and magnesium), reduces competition
from weeds, and provides a favorable micro-climatic environment (Reinhold, 1991).
Under rainfed conditions, the major determinants of the rice crop water requirements are
the plant’s stage of growth, surface runoff, percolation loses, evapotranspiration, the
nature of the water flow (stagnant or flowing), and the quality’ of water (Reinhold,
1991). Surface runoff and percolation loses depend upon the soil type, land preparation
practices, and the depth of the ground water table. The quality of irrigation is often
judged by its immediate effects on the rice crop, as well as its long-term effect on soil

productivity.

! The life cycle of a rice plant (85-210 days) is divided into three overlapping phases: (1) the vegetative
phase which includes seed germination (length depends on sowing method), tillering (production of tillers),
and leafing (production of leaves), (2) the reproductive phase, composed by panicle initiation, internode
elongation and heading (or anthesis or complete emergence of the panicle from the flag leaf sheath), and
(3) the ripening phase (heading to full maturity). The reproductive (35 days) and ripening (25-35 days)
phases are fairly constant. The difference in total growth duration is determined by the length of the
vegetative phase, which is affected by the cultivar’s photosensitivity and temperature, plant density, and
soil fertility (Reinhold, 1991).

2 Water quality refers to the clay particle and chemical content (silicate, calcium, carbonate, nitrogen,
magnesium, potassium) of water, as well as the resulting ph and acidity, all of which affect the inorganic
composition of the rice plants.
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Although all rice varieties are physiologically, morphologically, and anatomically

adapted to grow in wet or flooded soils conditions, Moorman et al. (1977) using
toposequence to quantify the soil moisture threshold beyond which rice plants suffer
moisture stress, found stress to be higher for bas-fond rice than for upland rice varieties
(Izaac et al., 1990). This finding and the above discussion on the importance and
determinants of water requirement for the rice plants suggest that careful management
(not just the control) of the water flowing into the river bed and into the individual plots
is essential in order to fully exploit the crop’s physical production potential. Especially
for modern rice farming, water management is very important as it stimulates better and
more stable growth which is required for high grain production.

Water management involves controlling the water so that sufficient water is
available at various stages of the plant growth, or removing it when there is excess
water. This is particularly relevant in Mali-Sud, given the erratic rainfall across location
and over the cropping season, as is noted in section 4.6.1.1.1 below. Also, research in
Asia has shown that water management is more critical for broadcast seeding -- the most
common sowing method used in Mali-Sud Bas-fond-- than for transplanted rice because

of its effect on germination and weed control (Mabbayad and Obordo, 1970,).

4.6.1.1.1. Rainfall and Rice Production
Rainfall patterns in Mali and throughout West Africa are largely determined by

the annual fluctuations of the intertropical convergence front (ITCF), which develops as
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the monsoon and harmattan collide'. At the zone of convergence, a line of atmospheric
perturbations is created, generating rains as the ITCF begins its seasonal ascent towards
the north. Thereafter, the harmattan repels the monsoon. As this repulsion takes places,
the ITCF begins its seasonal descent southward, leaving behind a dry season. Figure 4.2
and Figure 4.3 depict the distribution of precipitation across the Bougouni, Kadiolo and

Sikasso meteorological stations in Mali, averaged over the last fourteen years (1980-93):
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Figure 4.2: Average Monthly Rainfall. | Fjgure 4.3: Average Annual Rainfall.

Figure 4.2 shows a unimodal rainfall pattern, with the rainy season occurring
between May and October. While rainfall is highest around August, during September-
October precipitation becomes increasingly erratic and ceases altogether after November.
An analysis of the variability of precipitation data from the Bougouni, Kadiolo and
Sikasso meteorological stations over time indicates that, since the last major drought in

1987, while monthly rainfall has been erratic (Appendix 4.9), the amount of precipitation

! The monsoon is a moist wind blowing from the south to the west off the Atlantic Ocean, while the
harmattan is a dry wind blowing from the north to the east off the Sahara desert.
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has been increasing, following a decline in the late 1970s to early 1980s (Figure 4.3).

Discussions with farmers revealed that this irregular pattern of precipitation has
historically contributed to discourage rice farming because the amount of moisture
available to the rice plant is often insufficient to ensure acceptable yield levels. Thus,
in many bas-fonds, water control is a necessary condition for rice production.
Previous research in Asia and Africa has shown that, rice production requires: (i)
abundant precipitation (or irrigation water supplied by dams) at the beginning of the
season to allow for timely land preparation and planting, (ii) less frequent rainfall during
the vegetative phase of the growing plant, but sufficient to replace losses due to
evaporation, transpiration, percolation, and runoff, and (iii) high solar radiation during
the reproductive and ripening phases to favor photosynthesis and grain formation
(Reinhold, 1991). During the reproductive and ripening phases, water stress is

particularly damaging to grain production.

4.6.1.1.2. Benefits of Water Control

Investing in water control is important to improving bas-fond rice production, not
only because it lessens weed competition and increases the presence of critical growth
and productivity factors (i.e., water and nutrients), particularly in drought prone areas,

but also because it:
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(i) leads to an expansion of the command area as the ground water table goes
up, thereby allowing farmers to plant a significantly larger proportion of
the bas-fond area that otherwise could not be cropped‘;

(ii) allows farmers to maintain the desired level of water in the bas-fond for
a longer period of time than would otherwise be possible, which allows
the rice crop to escape late season drought;

(iii)  reduces drought-induced risks, thereby increasing the rate of adoption of
new technologies, and thus the returns to research and extension;

(iv)  releases labor for other activities through the reduction in non-aquatic
weed pressure, especially when land preparation is done properly;

(v)  offers farmers the opportunity to increase their land use intensity by
allowing them to first plant crops such as maize, followed by transplanted
rice;

(vi)  reduces the conflicts on farm labor demand between upland and bas-fond
farm through a better control of water flow in the bas-fond,

(vii) contributes to ensure a sustainable rice production environment by
reducing soil erosion when infrastructure such as contour ridges are used.

(viii) encourages farming families (mostly men) who had previously abandoned
rice production because of declining rainfall to return to the bas-fond and

to intensify rice production.

! Attempts were unsuccessful to estimate how much the command area has increased in each sampled
bas-fond after water control was introduced.
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However, in practice, the extent to which these benefits are captured depends on
the effectiveness of the water control. In the particular case of the bas-fonds studied,
there currently exists no effective plot-level water control because fields do not have
internal dikes. In this context, the empirical question about the effectiveness of the

existing infrastructure in increasing yields is an issue, which is discussed in section 4.5.9.

4.6.1.1.3. Types of Water Control Infrastructure
Classification Criterion

Bas-fonds can be grouped into two broad categories, based on the types of water
control infrastructure in the valley: bas-fonds with no water control investment at all and
those with some water control infrastructure. While six of the 12 bas-fonds sampled
have some type of water control infrastructure, the level of investment varies from a
system of simple dikings with floodgates (e.g., Sikasso) to small dams with primary
canals (e.g., Kado). However, this classification is rather simple. A more complete and
useful categorization of the bas-fond would take into account critical hydrological
variables such as maximum sustained water depth, rate of increase in water depth, and
length of flooding period. Unfortunately, such information is not available in Mali.

Although of central importance, this study recognizes that flooding depth and
other surface hydrological variables are not the only determinants of a rice-growing
environment. A range of other physical (e.g., soil quality), biological (e.g., pathogens
and predators), and socioeconomic factors interact with hydrology to define a given rice

environment (Carsky and Masajo, 1992).
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The observed tremendous spatial variability of the physical, hydrological, and

socioeconomic factors was a major constraint to improving the simple classification of
bas-fonds into bas-fonds with or without water control. While hydrologists in Sikasso
have been collecting important hydrological data, this effort has been limited to only a

few bas-fonds.

Types of Investments
The types of water control infrastructure built in the villages differ in complexity
and cost. However, based on the nature of the infrastructure constructed in Mali-Sud,

it is possible to distinguish four types of investments:

(i) Terraces only (e.g., Niéna village)

Terraces are built according to the contours in the valley to collect rainfall runoff.
When this infrastructure is built without levelling the field, yield still depends on the
amount of rainfall. However, if the field is levelled, yield would depend on both rainfall

and on the effectiveness of the infrastructure in allowing farmers to control water levels.

(ii) Terraces on a Layer of Compacted Clay (e.g., Diassola village).

Financed by the AFVP (Association Frangaise des Volontaires du Progreés), this
infrastructure is characterized by a small dam (one meter height) cutting across the bas-
Jond (perpendicular to the stream) to limit surface water runoff. To raise the water table,

the dam is reinforced at its bottom by a layer of compacted clay, thereby reducing water
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loss through infiltration. The water level in the bas-fond is controlled by one or more
floodgates. Key informants in CMDT claim that the main advantage of this type of
investment is its low cost (110,000 to 300,000 cfa.F/ha). While yields under this
infrastructure range from 2.5 to 3 t/ha, the main disadvantages are that the command
area extends over only a few hundred meters and water management is difficult,

especially when the bas-fond is not levelled as is the case in all sampled villages.

(iii) Terraces with drainage canals (e.g., Péniasso village)

Found mostly in the alluvial plains, this infrastructure consists of a simple dike
on the valley’s banks, a water catchment infrastructure, a drainage infrastructure (which
could also be the catchment infrastructure), a canal channeling water into the bas-fond,
a drainage canal, and secondary canals. Generally, with this type of infrastructure, the
bas-fond is subdivided in four production fringes: the bas-fond fringe, a fringe for
floating rice able to grow in up to three meters of water, a fringe for erect rice (up to

60 cm water depth), and the security fringe (about 15 cm water depth').

(iv) Terraces with drainage canals and internal dikes (e.g., left bank of Kléla village)
This type of infrastructure represents the most advanced system with internal

dikes constructed on the contours. As a result, it provides a better internal water control.

In such bas-fonds, the water depth is generally around 50 cm, which makes them

appropriate for erect rice plant types. The main problem with these systems is that to

! Most "improved" rice varieties are short (less than 1.00 m) erect plant types.
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be most effective, the polders should be small to avoid uneven water level within the

polders. However, this increases investment costs.

The Process of Building Water Control Investments

In general, water control infrastructure in Mali-Sud bas-fonds has been built by
the cotton parastatal CMDT and, to a lesser degree, by NGOs. CMDT follows three
phases in establishing bas-fond water control infrastructure. The first phase is the
identification stage, carried out either directly by CMDT agents or indirectly in response
to an application from the village. The second phase (implementation stage) involves
technical and economic feasibility studies. During this phase, the decision regarding
where the infrastructure will be built is made. During the final phase, farmers participate
in the planning, implementation and management of the infrastructure. Generally, men
are recruited as unpaid labor to construct the infrastructure while women provide food.
The main source of funds for these investments has been the Economic Development

Fund --FED (Appendix 2.9).

4.6.1.1.4. Problems Associated with Water Control
Although water control infrastructure is built to improve water availability and
management, its construction often creates several technical and socioeconomic problems.

The most significant of these problems in Mali-Sud include:
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(i) The weed pressure tends to be higher

In all sampled bas-fonds, farmers argued that after water control infrastructure is
set up, weeds are a greater problem, requiring more labor or herbicide to control the
weeds. While experience from Asia suggests the contrary, this observation suggests that
the quality of water control provided by these systems does not effectively control weeds
in many bas-fonds in Mali-Sud.

Farmers have addressed the heavy weed pressure problem in various ways. The
most commonly tried solutions are to carry out land preparation at the end of season
and/or hire labor to weed. Alternative, a very small number of farmers apply post-
emergence herbicides or plant in rows to make weeding easier. See section 4.5.7 for a

detailed discussion of herbicide availability and adoption rates.

(ii) The opening and closing time of the flood-gate is problematic

Because of variable topography, the level of water in the bas-fond is rarely even.
This creates major water management conflicts, especially in fields without plot-level
water control'. In all sampled bas-fonds, including those with some type of water
control infrastructure, it is common to find plots that are about to be flooded (deep plots)
while others still need more water (shallow plots). As a result, while farmers in deep
plots want the flood-gate to be opened, those in shallow plots want it to be kept closed
for a longer period of time. Therefore, research is needed to assess the appropriate

strategies to improve the management of the flood-gate and how to get farmers to agree

! None of the sites studied had plot-level water control.
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on a common strategy. Probably the best strategy would be promote effective plot-level
water control technologies.

While one way to solve this problem is to level the bas-fond, CMDT bas-fond
project administration argues that the level of investment required is beyond farmers’ or
CMDT financial capacity. To date, CMDT has only encouraged farmers to discuss the
issue and agree on a strategy. While this approach is not fully satisfactory, farmers often
cope with the problem by adjusting planting time and selecting rice varieties based on the
expected flood level. As a result, farmers with deep plots plant early or transplant taller
varieties with good submersion tolerance. In contrast, farmers with shallow plots plant
late or transplant shorter varieties with good tolerance to water stress. However, the
erratic nature of rainfall makes it difficult to predict how much precipitation will fall in
a particular year, and the limited choice of varieties available to farmers reduces farmers’
ability to manage this water problem. See section 4.5.6.1 for a discussion of available

rice varieties.

(iii) Choosing the Site of the Infrastructure Poses a Problem

In general, to the extent that water control investments are effective, the command
area is limited to a section of the bas-fond. If the bas-fond extends beyond one village,
then the decision as to where to build the infrastructure is potentially a problem because

the investment will tend to favor one village over another.
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(iv) Gender-Based Conflicts Develop

Sometimes following infrastructure improvements, men have taken the bas-fond
back from women to produce rice as a cash crop. In an effort to solve this problem, as
a pre-condition to invest in water control, CMDT adopted a policy requiring villages to
agree that fields will not be taken back from the women. However, one can reasonably
argue that this CMDT policy is also aimed at ensuring that men continue to give priority
to cultivating their cotton fields.

In addition, the literature and CMDT informants argue that male and female
farmers favor water control infrastructure investments for conflicting reasons. In most
cases, men are mainly interested in water control investment to ensure a permanent
source of water for their animal and to provide water for vegetable production and/or
fishing. In contrast, women desire better water control so they can produce rice. These
conflicting objectives have sometimes created problems. For example, in some cases,
men refused to open up the flood-gate when the rice was mature because they wanted to
retain as much water as possible in the bas-fond. As a result, women had to harvest in
deep water. Also, there are reported cases where animals have invaded the rice fields

to drink water.

(v) Ensuring an Equitable Redistribution of Parcels Is Hard to Achieve
In most bas-fonds, after the infrastructure was constructed, the land was
redistributed to farmers. However, because an equitable redistribution is almost

impossible to achieve, farmers with more social power (based on factors such as ethnic
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group, relationships) have tended to benefit the most from water control investments,

given that quality of plots is determined by their location, relative to the water source.

4.6.1.2. Land Tenure

In rural areas throughout Mali-Sud, land tenure is based on customary law which
is heavily patriarchal. Land is communally owned and community members hold
usufruct rights (i.e., they have a use right without the possibility to sell). Generally, the
valley belongs to the first settlers in the village, who often constitute the dominant
lineage. While these first settlers have superior rights over land, individual plots are
assigned to each household at its request, for as long as the plot is continually cultivated.
There is no land market in the village, nor do farmers rent land for cash or in-kind
payments. Generally, the usufruct rights in both the bas-fond and the upland applies only
during the rainy season. During the dry season, random grazing is rampant, except in
the plots with vegetables.

While this strong gender-based tenure system makes it extremely difficult for
women to own land, they have access to land through their husband or their household
head. Previously, land distribution took place at two levels: the village-level and the
household-level. At the village-level, the "chief of the lands" (dougou kolo tigui) who
in some cases also the village chief (dougou tigui), allocated land parcels to the head of
the household, both in the bas-fond and in the upland. In return, each household head

paid a symbolic price of 10 cola nuts.
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After bas-fond land has been allocated to a household, the household head

partitions the household’s share among the wives who wish to have a plpt. Each time
a newly-married wife joins the family, the household reapportions its land to
accommodate the newcomer. Over time, as more and more women became interested
in rice farming, a third level of bas-fond land allocation developed as, today, the newly-
married women in the households get rice plots from their aging mother-in-laws. This
practice of reapportioning household land has resulted into multiple small, but extremely

valuable parcels.

4.6.1.3. Labor, Gender and Rice Production
4.6.1.3.1. The Changing Demographics of Rice Farmers
The Changing Gender Composition

Currently, bas-fond rice production is a female-dominated activity, especially in
rural areas. When the entire sample is considered, 88 percent of the 120 farmers
monitored' were women. While there is a widely held perception that rice is solely a
women’s crop, this was only the case in seven of the 12 villages (i.e., Banko, Diassola,
Sola, Solo, Kafuziéla, Longorola, and Niéna) where all of the bas-fond farmers
monitored were women. In contrast, in Faradjélé, Faradié, Péniasso, and Sikasso 8, 3,
13, and 30 percent of the rice farmers monitored were men, respectively. Surprisingly,

in Kado, 98 percent of the rice farmers are men. Interestingly, the large proportion of

! As mentioned in Chapter Three, only 120 of the 334 sampled farmers were monitored throughout the
cropping season.
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male rice farmers were observed in villages with a relatively greater degree of
urbanization (i.e., Sikasso and Kado).

For most key informants and according to the literature, bas-fond rice production
used to be a male-dominated activity. However, over time, as rice production became
less profitable due to declining rainfall and soil fertility, men tended to abandon this
activity to women. Although there seems to be some truth to this argument, it became
clear to the research team that the rationale for this changing trend is more complex.

During organized group discussions, men argued that the key factors explaining
female dominance in rice production is the limited space in the bas-fonds, which makes
it impossible for everybody to have a parcel in the bas-fond. As a result, men
"gentlemanly" turned over their plots to women. However, during these discussions, it
also seemed apparent that additional important factors include the relatively heavy weed
pressure and difficulty of land preparation in the bas-fond, compared to in the uplands,
as well as competition for labor from men’s cotton and maize enterprises. Indeed,
previous research has shown that bas-fond fields are significantly more labor intensive
(workdays per ha) than upland fields (Izaac ef al., 1990). Due to the heavy weed
pressure, more time and effort are required to weed these fields than men cannot afford
to provide at the time when labor demand for cotton and other cereals is greatest.

In addition, cotton is more attractive to male farmers because its cultivation
guaranteed access to inputs and credit, and growers were offered a guaranteed and stable
price by CMDT. With the remaining of their time, male farmers chose to plant maize

because it is a major staple during the hunger period.
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Finally, key informants report that men abandoned the bas-fond as rainfall became

unreliable, soil fertility began to declined dramatically, and rice became less profitable
compared to crops such as cotton. The issue of relative profitability of major competing
crops is revisited with more details and budget analyses in Chapter Six.

One significance of the observed gender composition of rice farming is its impact
on the likelihood of adopting' "improved" technologies (i.e., seeds, fertilizer and
herbicide) and its implication for research and extension. While the study found no
correlation between farmers’ gender and the adoption of "improved" varieties or
herbicide, there is a significant (P=0.01) but weak positive correlation (r=0.2281)
between gender and the use of fertilizer, with men (78%) more likely to use fertilizer
than women (36%).

While the observed male propensity to use fertilizer may be explained by the fact
that men tend to control household income, these results should be interpreted with
caution because the sample of 120 farmers monitored included only 15 males, compared
to 105 females. However, it is highly likely that the 15 males represent a larger

proportion of the male rice farmers sub-population, compared to the females.

Changing Structure of Rice Farmers’ Age
About 90 percent of the sampled female farmers are 60 years old or more. At
the village-level, this statistic is greater than 80 percent in each of the villages, except

in Sikasso where only 43 percent of the women are at least 60 years of age and 36

! In this study, an adopter of an improved technology is defined as a farmer who planted an
"improved" variety, and apply fertilizer and/or herbicide during the 1995-96 cropping season.
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percent are in their 50s. This age structure of female rice farmers contrasts with that of
males. It appears that male rice farmers tend to be younger than their female
counterparts, with about 60 percent of them 60 years old or more and 33 percent in their
50s.

These results seem to confirm the general perception that rice farmers tend to be
older members of the society, with more than 80 percent of both men and women rice
farmers being more than 50 years of age. In fact, key informants reported that in the
past rice farmers were older women whose labor was considered negligible for upland
crop production. Overtime, this labor composition has been changing, with more and
more young women becoming involved in rice production in the bas-fond.

The reasons for this changing age pattern of bas-fond farmers are not clear.
Possible determining factors are (1) the spread of mechanization (mainly animal traction)
which has reduced labor demand in the upland fields, and (2) the attractiveness of the
discretionary power that rice farmers enjoy over the use of crop harvest. Generally, men
decide on how crop production from the uplands is to be used. Upland crop harvests are
stored in the household granary because they are considered essential for the household’s
food security, and this allows men to better control the household income.

In contrast, women who crop rice have a discretionary power over the use of their
rice harvest. Although this harvest is often used as a complement to the upland harvests
in securing the family food consumption needs, it symbolizes a gender-based social
freedom for women by increasing their ability to satisfy their needs and social obligations

(e.g., welcoming visitors). As a result, generally, the rice harvest is stored in the
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woman’s personal granary. Discussions with women’s groups revealed the importance
they placed on this freedom and their strong feeling about their rice plots and production.

Of particular interest is how age relates to the likelihood of adopting "improved"
technologies (i.e., seeds, fertilizer and herbicide). While many studies have found a
significant correlation between age and adoption, correlation analysis in this case failed
to indicaté any relationship, both within and across gender groups. However, the failure
to show any relationship could be attributed to the fact that only few young farmers are

included in the sample, since almost every rice farmer is of the older group.

4.6.1.3.2. Labor Categories in Rice Farming

Labor used in rice farming can be grouped into three categories: (1) collective
family labor (or exchange labor), (2) individual family labor, and (3) hired labor’.
Collective family labor refers to cases where PU A helps PU B in exchange for in-kind
payments (rice harvest) or labor time in A’s fields. Individual family labor refers to any
PU member working in the PU’s fields. Labor can be hired on an individual basis or
as a group (fons).

Table 4.6 below shows the relative importance of each type of labor in the bas-
fond. Overall, individual family labor is the dominant form of labor used in bas-fond
rice production, and it is the only important source of labor for cleaning and fertilizer

application. It is interesting to note that, for the total sample, group hired labor (ton and

! The diversity in labor type poses most of the classical valuation problems. These problems are
addressed in Chapter Six in an effort to properly estimate production and opportunity costs.
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village associations) represents less that four percent of the total work time in any
particular bas-fond parcel. However, it is far more important in Niéna at harvest
(45.9%) and threshing (32.7%), and less so at weeding in Longorola (16.1%) and
Péniasso (18.3%). In contrast, exchange labor is most important in those activities (i.e.,
threshing and transport) where timeliness is not a big constraint, so farmers do not have

to devote all their efforts to their own crop at the same time.

Table 4.6: Distribution (%) of Bas-Fond Rice Production Work Time, by Labor
Category and Farming Activity, Mali-Sud, Rainy Season 1995-96.

Labor Categories
Farming Activity  Exchange  Individual  Individual Ton and Village
Labor Family Labor Hired Labor Association

Cleaning 4.2 91.3 4.5 0.0

Plowing 12.8 66.0 20.9 0.3
Planting 18.1 45.9 35.3 0.6
Weeding 10.5 68.1 17.6 3.9
Fertilizer appl. 0.4 99.5 0.1 0.0
Harvest 28.0 40.0 28.5 3.5
Transport 30.1 45.1 24.2 0.6

Source: Survey of 120 Rice Parcels Monitored in 12 Bas-Fond Villages in Mali-Sud.

4.6.2. Spatial Organization of Production
The spatial organization of bas-fond crop production depends on the land

topography, which determines in part the amount of water available (Figure 4.1). In all
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bas-fonds, water availability, soil texture and related physical and chemical properties
vary along the toposequence. Farmers often utilize this hydrological diversity to
diversify their crops.

Various studies have shown the value of screening and understanding processes
- related to soil properties and water availability along the toposequence (Izaac et al.,
1990). For example, farmers select varieties according to water needs and resistance to
flooding (i. e.; submersion capacity). Farmers cultivating plots with deeper water plant
longer cycle, generally floating varieties, and sow earlier to ensure that the seeds
germinate and grow sufficiently tall to survive the earlier entry of water in the parcels.
In contrast, farmers cultivating higher (shallow) plots plant shorter cycle, generally erect
varieties, because of the danger of desiccation of immature plants after flood recedes.
They must also avoid planting too early because of the possibility of fields drying out
between the first rain and the arrival of flood.

The bas-fond toposequence is frequently divided in three fringes: the upper-third,
the middle-third, and the lower-third (Figure 4.1). In the upper slope where drought is
most likely and soil erosion risk is high if vegetative cover is removed, farmers typically
grow sorghum, maize, groundnut, and tubers. The valley middle-third of the valley
(phreatic or hydromorphic fringe) where shallow groundwater saturates the soil is
considered best for rice production during the rainy season since it does not flood too
much. During the dry season, farmers plant sweet potatoes and potatoes after harvesting
the rice. Alternatively, some farmers first plant early maize, followed by transplanted

rice, especially when good water control has expended the command area laterally.
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However, double cropping was observed only in the village Sikasso, a major urban
consumption area where upland fields are far from the center.

In the lower-third of the bas-fond (valley bottom), soils are strongly hydromorphic
due to shallow groundwater or flooding throughout most of the year. As a result, this

portion of the bas-fond is not generally used, especially when there is no water control.

4.6.3. Farming Activities

Traditionally dominated by shifting cultivation systems with 15-20 years fallow
periods, upland agricultural production in Mali has been based on permanent cultivation
systems since the introduction of cotton and animal traction. In contrast, by its nature,
bas-fond rice production has always been practiced as a permanent cultivation system.
The main rice production operations are land preparation, seeding, weeding, fertilization,
harvesting, and threshing. Weeding takes place after seeding and before flood arrival.
There is little field work between weeding and harvesting. Once harvested, the paddy
is piled in the field to dry and threshed on the ground. All these activities occur at
different points in time during the cropping season.

In general, most farming operations are done manually. The time at which a
farmer undertakes these activities depends on the timing and amount of water supply,
upland crop production activities, the type of rice varieties (late or early maturing) used,
and farm equipment availability. For example, soil preparation, whether accomplished
manually or with animal traction, is possible only when there has been enough rains to

break the hardpan which form on the soil during the preceding dry season.
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4.6.4. Land Preparation

Land Preparation Methods

Land preparation involves land clearing and conventional tillage. However, while
the majority (98%) of the 120 farmers monitored actually plowed their field', only 17
percent cleared the field’ before plowing. The remaining 83 percent of the farmers
plowed directly without clearing the field, thereby incorporating the vegetative cover into
the soil to serve as green manure.

Whether or not a farmer incorporates the vegetative cover depends on the amount
of vegetation on the field. If she/he considers the coverage to be too much, she/he will
try to clear the field before plowing. The yield impact of incorporating the vegetative
cover could not be assessed in this study, given the limited number of farmers involved,
and factors such as differences in variety planted and relative water stress for the rice
plants in different fields. However, studies show that this practice has a positive effect
on yield, as the incorporated organic material is converted into plant nutrients after it has

decayed (Mabbayad and Obordo, 1970,).

! The rest of the farmers sow without plowing (i.e., 18% of the farmers in Kafuziéla and 4% in
Longorola).

2 On a village-by-village basis, while 90 percent of the farmers in Diassola cleared their fields before
plowing, everybody in Faradié, Faradjélé, Longorola, Niéna, and Péniasso plowed the field without
clearing. In the other five villages, no more than 30.0 percent cleared their fields. These villages are:
Banko (30%), Sola (10%), Solo (18%), Kado (10%) and Kafuziéla (30%).
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The Need for Research on the Timeliness and Quality of Land Preparation

In the villages surveyed, while land preparation is generally done when the land
is sufficiently wet (wet-land preparation method), the common Asian practice of puddling
is rare. Yet, research has established that puddling minimizes water loss and increases
nutrient availability (particularly phosphorous) by increasing the contact between the clay
and the root system of the rice plant (Mabbayad and Obordo, 1970,).

An analysis of the time lag between tillage and planting revealed that about 82
percent of the farmers planted less than two weeks after plowing started. Yet, research
from Asia have established that land preparation should be done at least two weeks
before planting to (i) save the seedlings from the effect of high concentration of harmful
substances' generated during the decomposition of the organic material incorporated in
the wet soil, and (ii) to allow the plant to utilize the ammonium released by decayed
organic matter (Mabbayad and Obordo, 1970,). To prevent loss of nitrogen through
denitrification?, the field must be flooded from the first plowing to planting.

While research results from Asia may not be directly applicable in Mali, the time
lag between tillage and planting, reinforced by farmers’ complaint about the heavy weed
pressure, suggest that late and poor quality of land preparation reduces yield. Thus,
research on the timeliness and quality land of preparation could identify yield-increasing

crop management recommendations.

! Such harmful substances which include carbon dioxide (CO,), organic acids and other products of
anaerobic decomposition of the organic material reaches their highest concentration in the soil after two
to three weeks and then decline (Mabbayad and Obordo, 1970,).

2 Denitrification is a process whereby nitrates (NO,) are decomposed into nitrites (NO,), then into
elemental nitrogen by the action of bacteria which take up oxygen.
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A Difficult Predominant Manual Tillage Provides an Opportunity for Herbicide Use

While most farmers prepare their land manually with family labor!, in very rare
cases farmers use animal traction. Typically, the head of the PU will make the animals
available for the bas-fond fields when they are no longer needed in the PU’s collective
fields. However, even though draft animals are rarely used in the bas-fonds fields, their
use in the uplands reduces labor demand per hectare, thereby relaxing the labor
constraint at a time when rice competes with other crops for labor.

Because tillage is done manually with a hoe on predominantly heavy clay soils,
farmers have argued that it is probably the most difficult task in rice farming, and one
of the reasons why men have abandoned rice production to women. The literature points
that the objective of tillage is to (i) control weeds effectively and thereby prevent them
from competing with rice seedlings, (ii) to mix the organic materials with the soil so they
can be used as nutrients by the plants after they decay, (iii) to reduce water and leaching
losses during the subsequent flooding stages, and (iv) to turn the soil into "soft puddle”
for ease in transplanting (Mabbayad and Obordo, 1970,).

While research in Mali to reduce the burden of manual tillage has been very
limited, studies in Asia indicate that in rice fields which have been kept flooded and
generally soft, initial plowing is not essential so long as the weeds are controlled by a

pre-emergence herbicide (Mabbayad and Obordo, 1970,). Thus, given that farmers

' In all 12 villages surveyed, the only source of labor for clearing is family labor, except in Sikasso
(100% hired labor) and Kafuziéla (22% family labor and 78% exchange labor). In contrast, tillage labor
is much more diverse even though family labor is still the dominant source (75-100% of total tillage labor
used). The additional labor needed are exchange labor, except in Niéna, Sikasso, Kado and Longorola
where as much as 85%, 59%, 36% and 35% of the total tillage labor used was hired, respectively.
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consider weed control a major problem, research directed at assessing the possibility of
no tillage with pre-emergence herbicide application could be useful to the farmers. In
the Malian context, it is apparent that one of the major considerations in this assessment
will be the hydrological condition of the farming environment, as well as the cost and

availability of herbicides.

4.6.5. Seeding and Yield Increase Opportunities
Broadcasting on Mud Is the Dominant Rice Planting Method Used by Farmers

Direct seeding and transplanting are the two rice planting methods practiced in
the sampled villages. With transplanting, seedlings are first raised in the seedbed and
then uprooted and replanted in the main field; whereas with direct seeding, the seeds are
sown directly in the main field either by broadcasting or row planting on mud. In
locations such as in the Office du Niger where irrigation water is adequate and well
controlled, direct seeding tends to be extensively used with profitable results. In
contrast, 86 percent of the 120 farmers monitored broadcasted their rice seeds and then

hoe, five percent plant directly with a hoe, and only nine percent transplant.

Advantages and Disadvantages of Broadcasting on Mud
Farmers justify the prevalence of broadcasting over the other planting methods

is primarily by (i) poor water control’, (ii) the suitability and the quality of the rice seed

! The availability of adequate water is necessary because water helps suppress the growth of weeds.
However, during seeding, excess water needs to be drained from the field to ensure good seedling
establishment; otherwise seedlings may be covered by mud if the water is muddy, or there may not be
sufficient oxygen in the water to enhance plant growth.
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used', (iii) lower labor requirements which may substantially reduce production costs
and are suited to the high labor demand farmers face, (iv) the easiness and quickness of
the operation, and (v) a relatively better plant density compared to direct sowing in rows,
given the poor quality of seeds.

However, the main disadvantages of broadcasting are that (i) the young directly
seeded plants are susceptible to attacks by rats, snails and other predators, (ii) the seeds
may be carried away during heavy rains (particularly when there is poor water control),
resulting in poor plant density, (iii) weeding tends to be difficult, and (iv) the amount of
seeds farmers use is relatively high, compared to transplanted rice. Seed losses to
predators can be reduced by broadcasting the seeds in water. However, this practice
tends to slow seedling emergence and establishment, and is only appropriate if farmers
use suitable varieties. The difficulty of weeding can be reduced by planting in rows.
Yet, only three percent of the 120 farmers monitored planted in rows.

Transplanting is often used as a strategy to increase land use intensity (through
a reduction of the duration of the rice crop in the field), especially in peri-urban bas-
Jfonds like Sikasso where farmers’ other fields are far away from the city. Surprisingly,

farmers who transplanted their rice used late maturing varieties (150-180 days).

! Farmers have argued that not all rice varieties are suited to direct seeding. In support to this
argument, a statistical analysis of the data collected revealed a highly significant (P < 0.001) and positive
but weak correlation (r=0.355) between the planting method and the rice variety farmers use. Indeed,
research in Asia has shown that varieties suited to direct seeding are those with agronomic characteristics
such as a high seedling vigor, short height, resistance to lodging, and low to moderate tillering capacity
(Mabbayad and Obordo, 1970,). Most of the "traditional” varieties farmers use are tall and lodging-
susceptible varieties.
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Plant Spacing and Yield Impact

While uniform plant spacing is considered critical to high yields, there exists a
tremendous variability in spacing in the fields monitored, mostly because the seeds are
broadcast and germination is low. Yet, evidence in Asia on varietal response to spacing
indicates that there is an opportunity for yield increase in Mali-Sud through better

spacing. Farmers can achieve better spacing through transplanting.

4.6.6. Rice Varieties Used by Farmers
4.6.6.1. Varieties Planted and Adoption Rates
4.6.6.1.1. A Production System Marked by Multiple Varieties

Bas-fond rice farmers plant many different varieties. For example, the 120
farmers monitored during the 1995-96 rainy season reported planting 60 rice varieties,
based on the names of the varieties they provided. However, because each variety is
named after the person who introduced it in the village, some varieties with different
names in different villages may actually be the same variety. Also, it is not certain that
all varieties farmers identified as "traditional” are truly "traditional” varieties. Samples
of these varieties were collected and efforts to identify and compare them were
unsuccessful.

Of the 60 varieties named in the 12 villages surveyed, only nine had "improved"
varieties’ names. They are: Gambiaka, BR 4, BG 90-92, IRAT, SNA, IER 148,
Niger/Zaire, C 74, and Bouaké (see Table 2.5 for their characteristics). On the average,

about seven different varieties were planted in each village, with a standard deviation of
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three varieties. While only two percent of the 334 farmers surveyed planted three

different varieties, 18 percent planted two and 80 percent one. Surprisingly, the same
data showed that while 63 percent of these farmers planted "traditional” varieties only,
as many as 32 percent planted "improved" varieties only, and six percent used both
varieties. Interestingly, while a larger proportion of the "improved" varieties (75%) are
found in the bas-fonds with water control infrastructure, a larger proportion of the
"traditional” varieties (62%) are found in the bas-fonds with no water control
infrastructure!. In fact, statistical analysis showed a highly significant association

between water control and the type of varieties farmers planted.

4.6.6.1.2. Life Cycle and Plant Type of the Rice Varieties Farmers Used

Similar to the type of rice varieties planted, there is a great deal of variability in
the number of days from germination to maturity among the varieties farmers used
during the 1995-96 cropping season. The majority of farmers (53 %) used late-maturing
varieties (130 days or more), while 32 percent sowed intermediate-maturing varieties (95-
130 days), and 15 percent planted early-maturing varieties (less than 95 days). However,
a larger proportion of farmers using "traditional” varieties had late (66 %) or intermediate
(29%) maturing varieties, but a larger proportion of those who planted "improved"

varietiés used intermediate (38%) or early (33%) maturing varieties.

! Possible reasons for this include: "traditional® varieties have plant heights suitable to the water
condition in bas-fonds with no water control infrastructure, compared to the "improved” varieties, and/or
limited availability of or farmers’ exposure to "improved” varieties.
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Farmers claimed they tend to plant early-maturing varieties where they expect the
water level will be high so the crop can be harvested before the field floods, and plant
the late-maturing varieties in areas with less water. However, this claim is not supported
by findings from the ESPGRN’s agronomist in Sikasso, who reported that farmers
commonly plant both variety types in all parts of the field-- possibly because of limited
seed availability or uncertainty about what water levels will be.

In general, most "improved" varieties tend to be short, while most "traditional”
varieties tend to be tall. It is recognized that short plant types are not the best because
of weed competition, drought stress, and flooding common to bas-fond with minimum

or partial water control (Masajo and Carsky, 1989).

4.6.6.1.3. Farmers’ Preferences on Quality Characteristics

Strong preferences for particular rice varieties are based primarily on cooking and
taste characteristics, but also on their adaptation to the farmer’s field toposequence. In
this respect, the main advantage of the so called "traditional" varieties over the
"improved" ones is that not only they tend to elongate into long, fluffy, and easily
separable kernels when cooked, but also they cook faster. Because of these
characteristics, farmers claim they are more economical (time and money) than the
"improved" varieties.

In contrast, market quality preferences, which are typically measured in terms of
percentage of broken rice, are a function of income level, as rice with low breakage

commands a premium price. Other distinguishing characteristics that increase price
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include whether the rice has been parboiled and whether its bran layer (brown rice) is

removed.

4.6.7. Weeding and the Rate of Herbicide Use
4.6.7.1. Importance of Weed Control

Weeds are one of the major causes of low yields in the surveyed villages. They
directly reduce yield by competing with the rice plants for nutrients, sunlight, and space.
Indirectly, weeds reduce yield by serving as alternate hosts for diseases and insects such
as leafhoppers and stem borers. While this research did not inventory the weed species
encountered in the fields monitored, studies at the International Rice Research Institute
(IRRI) have shown that emergence of weeds and the kind of weeds that emerge are

closely related to soil moisture content and depth of the submergence.

4.6.7.2. Scope of Herbicides Application on the Rice Fields Monitored

Farmers are perfectly aware of the depressive effect of weeds on yield. While
91 percent of the farmers weeded their rice field at least once during the cropping
season, only 18 percent weeded twice!. Surprisingly, of those who weeded at least

once, as much as 48 percent used herbicide, while the remaining 52 percent weeded

! While in Banko (89%), Faradié (90%), Solo (90%), Péniasso (90%), and Sikasso (40%) not every
farmer monitored weeded at all, in the other villages, every farmer weeded at least once. Furthermore,
it is only in seven of the twelve villages that farmers weeded twice (i.e., Banko, Faradié, Sola, Kafuziéla,
Longorola, Niéna, and Péniasso).
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manually'. Similarly, while 72 percent of the farmers monitored weeded only once, 49
percent of them used herbicide.

Interestingly, four of the seven villages in which farmers weeded twice have water
control infrastructure, and 90 percent of the farmers who did not weed at all planted
"improved" varieties. Furthermore, while the proportion of farmers who weeded twice
is smaller among those who planted "improved" varieties (3%) than those with
"traditional” varieties (24 %), the proportion of farmers who applied herbicides is larger
among those who planted "improved" varieties (62%) than those with "traditional"
varieties (33%). Although the study did not look into whether those farmers who did not
weed twice did so because it was not necessary or because they could not afford the time
to weed, the effectiveness of water control in suppressing weeds in these bas-fond is
questionable. Furthermore, these results suggest that (i) the "improved" varieties used
by farmers tend to suppress weeds (probably because of their semi-drooping plant
architecture), and (ii) farmers using "improved" varieties tend to have a higher
propensity to resort to chemical weed control. These inferences are further discussed in

Chapter Five.

4.6.7.3. Types of Herbicides Used by Farmers and Reasons for not Using Herbicides
The most often used herbicides are Round up (65% of the farmers who used

herbicide) and Ronstar (29%), both of which are pre-emergence herbicide. Other

! In each of the 12 villages, more than 80 percent of the total labor time used for weeding is family
labor, except in Longorola, Faradjélé, Kafuziéla and Sikasso where 46, 43, three, and 15 percent of the
labor comes from the PU, respectively.
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herbicides farmers used are Gramoxone (4% of the farmers) and Primagram 50 (2% of
the farmers). The most frequent of the reasons cited by farmers for not using herbicides
are financial constraint (58 %) and the lack of knowledge about their existence (18%) or
their use (3%). Other reasons include non-availability of herbicide (6%), excess water
in the field (4%), the small size of plots (2%), or simply that herbicide application was
not necessary (6%). Overwhelmingly, farmers argued that herbicide application could
be economically justified. In fact, during group discussions, farmers consistently said
they would rather buy herbicide than to buy fertilizer.

Although herbicide application is probably the most effective way to control
weeds, they are expensive and can damage crop (if over applied) and cause other second
generation problems when factors such as timeliness of application, right dosage and
right chemical are not taken into account to ensure their effectiveness. However,
thorough land preparation before planting and effective water management reduce weed
pressure and make weeding cheaper and easier, especially when the rice is planted in
rows. In Chapter Five, the distinguishing characteristics of farmers who used herbicides
are identified while in Chapter Six an assessment of the financial impact of herbicide

application on the returns to production.factors is estimated.

4.6.8. Water Control and the Rate of Fertilizer Use

4.6.8.1. Importance of Fertilizers

Although nature provides most of the nutrients rice plants or any other crop

requires for growth, a few of these nutrients are not available in adequate amounts or in



124

a readily-available form. In general, grains require large amounts of nitrogen,
phosphorus, and potassium. While there tends to be a general need for nitrogen in most
rice growing areas, rice like many other cereals requires a considerable quantity of
phosphorus’ and, less so, sodium? (De Datta, 1970). Supplying these nutrients through
chemical or organic fertilizer is one of the most effective way to increase rice yield.
Rice plants require as much nitrogen at the early and mid tillering stage (to
maximize the number of panicles) as at the ripening stage. Phosphorous favors vigorous
growth by stimulating (i) root development and making plants more resistant to drought,
(ii) early‘ﬂowering and ripening, and (iii) tillering. Studies in Asia show that the
effectiveness of fertilizer application depends on plant density, application time and
method, soil texture and its chemical content (especially its iron content) and organic

matter, and water management® (De Datta, 1970).

4.6.8.2. Scope of Fertilizer Application in Rice Fields

Cotton is the only crop on which farmers routinely use chemical fertilizer and
herbicide because these inputs are provided by CMDT when needed and their value is
deducted later when CMDT purchases the output. While farmers have argued that

fertilizers are somewhat expensive, as many as 42% of the 120 monitored farmers used

! But, plant response to phosphorous application may be low.
2 Rice soils are said to contain sufficient potassium to meet the crop requirement.

3 During fertilizer application, temporary drainage is necessary for top dressing of fertilizer because
it increases nutrient absorption and minimizes losses.
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chemical fertilizer'. As was the case for herbicide, the proportion of farmers who used
fertilizer is larger among those who planted "improved" varieties (76%) than among
those with "traditional" varieties (22%). Family labor is the single labor source for
fertilizer application, except in Sikasso, where 28 percent of the labor used was hired
labor.

Farmers who did not use fertilizers gave five different explanations. The most
frequent reason is that farmers consider fertilizers expensive (41%). However, organic
manure have been used and still may be useful, particularly in subsistence farming areas
like the one surveyed. Interestingly, 27% of the farmers said fertilizer was not
necessary, while 10 percent think they are not available. Finally, the rest of the farmers
did not use fertilizer, either because of excess water in their plot and lack of water

management (10%), or because they have been exposed to fertilizers only since last year.

4.6.8.3. Types of Fertilizer Used by Rice Farmers and Average Application Rates
The most frequently used fertilizer is urea, which is sometimes applied in
combination with diammonium phosphate (DAP) and a compound 15-15-15 cereal
fertilizer. On the average, when used alone, farmers applied about 63 kg of urea (with
a standard deviation of 41 kg). Surprisingly, those who applied urea in combination with
a source of phosphorous used higher rates: 102 kg of urea (with a standard deviation of

98 kg) in combination with 95 kg of DAP (with a standard deviation of 98 kg), or 83 kg

! On a village by village basis, while no farmer used chemical fertilizer in Banko, Faradjélé and Solo,
20 percent used it in Sola, 30 percent in Faradié, Kafuziéla, Longorola and Sikasso, 60 percent in
Péniasso, and 100 percent in Diassola, Kado, and Niéna.
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of urea (with a standard deviation of 44 kg) in combination with 65 kg of the NPK cereal

complex 15-15-15 (with a standard deviation of 35 kg). These application rates, which
do not take into account differences in rice farming production systems, are below the
recommended rate of 150 kg of urea and 150 kg of DAP per ha. System specific rates

are reported in Chapter Six.

4.7. Summary

The objective of this chapter was to identify the socio-economic characteristics
of bas-fond farmers, and to describe the rice production practices. The study observed
that despite the small size of Mali-Sud bas-fonds, they offer farmers an opportunity to
produce rice if well-watered during the rainy season. While this potential is important,
it has not been fully utilized. The study found that bas-fonds are highly complex and
heterogenous agroecosystems because bas-fond fields are generally cultivated by small-
scale farmers who also cultivate upland fields.

The study notes that PUs are large with at least two households. Similarly, the
households are large and average about 15 people, 46-64 percent of whom are females.
Only 66.5 percent of these members significantly contribute to farm production activities.

The study also found that the formal schooling rate in bas-fond villages is low
(10.6% of the members in each PU), especially among females (4.1%, compared to
9.7% for males). Similarly, adult literacy training is low (7.4% across the entire
sample), especially among females (3.5%, compared to 18.0% for males). This low

level of education suggests that to be effective, researchers and extension agents must
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take farmers’ education background into account during technology developmeﬁt and
extension.

Crop production and animal husbandry are the most important activities in the 12
villages surveyed. With regard to agricultural production, the study found that, when
all upland and bas-fond fields are combined, the average PU managed seven fields. In
seven of the 12 sampled villages, there is a highly significant (P<0.01) and strong
positive correlation (i.e., r = 0.6) between the total number of PU members = 15 years
old and the total number of fields planted. Upland fields averaged 1.2 ha (with a
standard deviation of 1.3) compared to 0.3 ha (with a standard deviation of 0.5) for the
bas-fond fields.

Based on the total number of farm enterprise fields planted, rice fields were by
far the most frequent (43 %) of all fields in the entire sample, followed by pure stands
of maize (11%), peanut (9%), finger millet (8%), cotton (8%), and sorghum/millet
intercrop (8%). However, in terms of area cropped, rice fields accounted for a smaller
proportion (16%) of the total area planted than maize (21%), cotton (20%), and
sorghum/millet intercrop (17 %).

With regard to rice production, the study observed that bas-fond rice production
systems are influenced by the water regime (deficit, excess or optimum). Because the
erratic rainfall has historically contributed to discourage rice farming, a careful
management of the water flowing into the Mali-Sud bas-fond bed and into the individual

plots is essential in order to fully exploit the crop’s physical production potential.
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This study also reveals that the demographic pattern of rice farmers has been
changing, both in terms of age and gender distribution, with (i) more and more young
women getting involved in rice production (although the average age is still high), and
(ii) rice farming becoming a female-dominated activity. While the study found no
correlation between farmers’ gender and the adoption of "improved" varieties or
herbicide, there is a significant (P=0.01) but weak positive correlation (r=0.2281)
between gender and the use of fertilizer, with men (78%) more likely to use fertilizer
than women (36%), due to the fact that men tend to control household income.

With regards to production practices, the study observe that animal traction is
widely used. However, this equipment are primary used in the cotton fields and other
collective upland fields, thereby increasing farmers’ availability to work in the bas-fond
fields. Not surprisingly, PUs in villages involved in cotton production tend to own more
equipment than those with no cotton experience. The majority (98 %) of the 120 farmers
monitored actually plowed their field, only 17 percent cleared the field before plowing.
Puddling is rare. About 82 percent of the farmers planted less than two weeks after
plowing started. This practice has the effect to (i) expose the seedlings to high
concentration of harmful substances generated during the decomposition of the organic
material incorporated in the wet soil, and (ii) to limit the plant utilization of the
ammonium released by decayed organic matter. As a result, there is a need for research
on the timeliness and quality of land preparation.

Similarly, a difficult predominant manual tillage provides an opportunity for

herbicide use. Broadcasting on mud is the dominant rice planting method used by
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farmers (86%). Bas-fond rice farmers plant many varieties (60) whose differentiation is
not certain. On the average, about seven different varieties were planted in each village.
A statistical analysis showed a highly significant association between water control and
the type of varieties farmers planted, with a larger proportion of the "improved" varieties
(75 %) found in the bas-fonds with water control infrastructure, while a larger proportion
of the "traditional" varieties (62%) found in the bas-fonds with no water control
infrastructure.

Finally, the study notes that farmers are perfectly aware of the depressive effect
of weeds on yield. About 91 percent of the farmers weeded their rice field at least once
during the cropping season, only 18 percent weeded twice. Surprisingly, of those who
weeded at least once, as much as 48 percent used herbicide. About 90% of the farmers
who did not weed at all planted "improved" varieties. The proportion of farmers who
applied herbicides is larger among those who planted "improved" varieties (62%) that
those with "traditional" varieties (33%). Overwhelmingly, farmers argued that herbicide
application could be economically justified, and farmers consistently said they would
rather buy herbicide than to buy fertilizer. While farmers have argued that fertilizers are
somewhat expensive, as much as 42% of the 120 monitored used chemical fertilizer.
The proportion of farmers who used fertilizer is larger among those who planted

"improved" varieties (76 %) than among those with "traditional" varieties (22%).



CHAPTER FIVE
FACTORS DETERMINING THE ADOPTION OF MODERN INPUTS, AND
YIELD LEVELS IN BAS-FOND RICE PRODUCTION SYSTEMS

5.1. Introduction

This chapter focuses on the research question: what determines the current level
of production and intensification in bas-fond rice production? First, the chapter reviews
the theoretical basis for using a logistic model to @lyn factors associated with farmers’
decisions to adopt modern inputs (i.e., "improved" rice varieties, chemical fertilizer and
herbicide), describes the variables used to specify these models, and discusses the
estimation results in terms of insights that would help researchers and extension agents
prioritize their strategies for achieving wider adoption. Second, it describes the
distribution of farmers’ rice yields and identifies their determinants, based on
econometric estimation. Finally, it discusses the potential contribution of bas-fond
production systems to the Malian domestic rice supply and reviews constraints to greater

production.

5.2. Logistic Models and Adoption Characteristics
A logistic model is used to identify factors associated with varying levels of input

(i.e., fertilizer, and herbicide) bas-fond rice farmers used during the 1995-96 cropping
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season, and to predict the likelihood of a farmer using "improved" rice seeds, fertilizer

and herbicide, given selected observable attributes.

5.2.1. Justifications for the Use of the Logistic Model

The adoption of an "improved" technology is assumed to be an economic decision
based on farmers’ expected utility (or expected profitability) of using this new
technology, given a set of individual, agroeconomic, institutional, and environmental
characteristics. Characteristics hypothesized to be associated with technology adoption
in the bas-fond include socio-demographic factors (i.e,. age, gender, and education),
agronomic factors (i.e., management practices and hydrologic features of the field--
maximum sustained water depth, rate of increase in the water depth, and length of the
flooding period), economic factors (i.e., household and farm sizes, profitability'),
institutional factors (seed availability and accessibility), and climatic factors (length of
the rainy season and intensity of rains).

Identifying the distinctive characteristics of farmers using different technologies
and predicting the likelihood of a particular farmer to use a technology is a classification
or discrimination problem. Given farmers’ observable characteristics, the goal is to
classify each of them into one of two categories -- an "adopter" or a "non-adopter" of
the "improved" technology-- by identifying factors associated with adoption behavior.

Regression analysis is often used to identify factors (known as regressors or

independent variables) that can explain data variability of a particular variable (known

! Note that although agronomic factors and profitability are mentioned separately, the study recognizes
that the later is a function of the former.
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as regressand or dependent variable). In regression analysis, however, the regressand
is a continuous variable. But, in this case, the dependent variable being modelled is a
dichotomous qualitative variable.

In modeling a qualitative dependent variable, the standard linear regression
technique is not appropriate because the limited range of the values of the dependent
variable (e.g., between zero and one for binary cases) may result in a misestimation of
the magnitude of the effects of the independent variables, especially if the ordinary least
square (OLS) procedure is used. In addition, because the disturbances are inherently not
normally distributed, no method of estimation that is linear in the dependent variable’s
observations (Y;s) will be fully efficient' (Cox and Snell, 1989). Furthermore, the
parameters in the regression model with a dichotomous regressand have limited
interpretation, and the condition of constant variance of the disturbances
(homoskedasticity) required for the OLS estimation does not hold>. Thus, all the
standard statistical inferences such as hypothesis testing and construction of the
confidence intervals are invalid, even for very large samples. Although Goldberger

proposed a two-step, weighted estimator to correct the heteroskedasticity problem

! An estimator is said to be an efficient estimator of B if it is unbiased (i.e., the mean value of its
sampling distribution or expected value of that estimator is 8), and it has the smallest possible sampling
variance among all unbiased estimators of 8.

2 For example, in the case of binary variable where the regressor Y; takes the value "1" with a
probability P, or "0" with a probability (1-P,), it follows that:
Y? =Y, and
E(Y)) = E(Y,>) = 1*P, + 0%(1-P,) = P,. Thus,
Var(Y,) = E(Y?) - [E(Y))? =P, -P?2 =P,(1-P)

This result shows that the variance is heteroskedastic, since its value depends systematically on the
probability P,, except in the rather uninteresting cases where the P;s are the same for all farmers.
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(Aldrich and Nelson, 1984), the other problems mentioned earlier remain unsolved
because the function is still unbounded.

For these reasons, scientists typically use qualitative response models to model
the relationship between a discrete dependent variable and a set of continuous and/or
discrete independent variables. The qualitative response models ensure that the
regressand P; is kept within the unit interval. The general form of the qualitative
response models is formulated mathematically by relating the probability of an event "Y"
(i.e., "using improved technology") occurring conditional on a vector "X" of explanatory

variables, to the vector "X", through a cumulative density function F as follows:

E[Y,] = P; = P(Y;=]) = F(X;,B) (1
with 1i=1,2,...,n j=1,2,...J

8 is a vector of unknown parameters, i is a sampled individual, and j is the
event’s outcome (here, yes or no). For response data, F can be a linear discriminant
function, a probit function, or a logit function. The discriminant function is appropriate
and justifiable only under (a) multivariate normality of the independent variables, and (b)
complete equality of all the underlying covariance matrices (Press and Wilson, 1978).
Unfortunately, in practice, the assumption of joint normality of the regressors is difficult
to satisfy, and transformations often used to achieve multivariate normality will not

typically guarantee equality of covariance matrices (Press and Wilson, 1978).
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The probit and logit functions are the most familiar, and in many ways' the most
useful, analogue to a linear function for normally distributed data (Ameminya, 1981;
Aldrich and Nelson, 1984). Both of these models are defined based on the assumption
on the distribution of the disturbances over the set of outcomes. The qualitative response
models for which F is a logistic distribution function are called logistic regression
models, while those for which F is a cumulative normal distribution function are called
probit regression models. Although the probit model was the first of the two models to
be developed, the choice between these two models is usually made on the basis of
practical concerns such as personal preference, experience, and availability and flexibility
of computer software (Aldrich and Nelson, 1984; Judge et al., 1988). For this particular

study, the logit model was retained based on these considerations.

5.2.2. Mathematical Formulation of the Logistic Model
There are many types of logit models. The more general ones for which there
are multiple outcomes for the regressand are known as multinominal logistic models. In

cases where there are J+1 possible unordered outcomes, their general form is:

! For example, it can be proven that these functions are continuous, bounded between O and 1,
monotonically increasing with 8°X, and they approximate the normal distribution (Ameminya, 1981; Judge
et al., 1988). In addition, they are easy to use.

Other qualitative response models are models of "count’ data which describe discrete outcomes
for which the data, which are enumeration of occurrences of certain events, have some natural ordering
and/or their magnitude is meaningful. An example in which only the ordering matters would be cases
where preferences (e.g., taste test) are ranked among a set of alternatives. In these cases, the ordered
probability models are most appropriate. An example of cases where both the ordering and magnitude
matter would be modelling a variable which is an enumeration of the number of occurrences of a certain
event such a car accident per year. For such cases, models for count data are the most appropriate.
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P(Y;=7) = with i=1,2,...,n

exp (B,'X;)
J

Y exp (B,'X;)

Jj=0

(2)

In other words, for each individual i, the probability of an event’s outcome j to

occur depends on a single regressor vector of individual or grouped data!, "X", which

describes the individual, and a set of J parameters B,.

Other types of the multinominal logit models include the nested logit and discrete
choice models?. In this study, the data used are non-nested individual data. Because,
the regressor is binomial and it takes the value "1" if the farmer used the "improved"
technology and "0" if he/she did not, this study uses a binomial logit regression model.
While there are many specifications of the binomial logistic model, choosing one
particular specification is arbitrary (Aldrich and Nelson, 1984). For this study, this
choice is imposed by the computer software, LIMDEP and SPSS, available. The
LIMDEP and SPSS specifications, which are a model proposed by Chamberlain in 1982,

are as follows:

! Individual data are defined as data for which measurements on dependent variable consist of
individual responses, while with the grouped data, the regressor consists of proportions.

2 The discrete choice models are a variant of the multinominal logit models in which the J alternatives
(not J+1) are each characterized by a set of K attributes X;. Respondent i chooses among J such choices.
There is a single parameter vector, 8, such that the probability that individual i chooses alternative j is
P(Y;=j), with:

P(Y;=j) = exp(B’X;)/Lexp(B8’X;) i=1,...,I and j=1,2,...,J.

The nested logit models are models in which the probability are nested at two or more levels. So, instead
of:

P(Y;=j) = exp(8’X)/Liexp(8’ X))

In the case of two levels nesting, we have: P(Y;=j) = exp(8°X;)/LL; exp(8’X,).
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P, = P(Y,=1) = —8¥p(P'X) (3)
AL E 1 + exp(p’X)

The parameters [3;s are estimated using the maximum likelihood method (MLE).

Unlike the OLS procedure, which chooses those values of the unknown parameters which
result in the smallest sum of squared distances between the observed and predicted values
of the dependent variable, the MLE chooses those values that make the observed results
most "likely". In other words, the MLE method maximizes the probability of obtaining
the sample actually observed. For specific values of the independent variables, the
corresponding estimated value of P, is the probability for the event "adopting the
technology" to occur. Therefore, alternative meaningful values of the regressors can be
used in the estimated model to predict the likelihood of the event under those conditions.

Each estimated coefficient reflects the effect of a one-unit change in the
corresponding independent variable on the logarithm of the odds' of the event to occur,
ceteris paribus. These coefficients are difficult to interpret because the magnitude of the
increase in probability depends on the original probability, which is determined by the
individual values of all independent variables and their coefficients. However, the effect
of individual characteristics can be assessed by estimating the marginal effects §, of the
regressors in the logistic model as follows:

where: P, = Probly;=1],
X is a vector of the regressors in the logistic function,

! The odds of an event to occur is the ratio of the probability that the event will occur over the
probability that it will not occur. This can be expressed mathematically as follows:

- Prob(event) =
log of the odds of an event = log( problno event) ) =By + ByX, +..+ B X,
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3P,
3xX

3, = = F(X,B)B (4)

B is a vector of the estimated parameters of the logistic function.

These marginal effects 6, correspond to changes in the probability of adopting the
"improved" technology, given a "unit change" in the characteristics vector X. The
computer software used for this analysis (LIMDEP) includes a routine to perform all the
algebraic computations necessary to estimatc_&,. It is important to note that neither the
sign nor the magnitude of §, necessarily have to be similar to those of B (Greene, 1992).
Furthermore, B and §, do not necessarily have the same statistical significance since the

standard error of 6, depends on the standard error of 8 and F.

5.2.3. Distinctive Characteristics of Adopters of "Improved"” Varieties
5.2.3.1. Model Specification

As mentioned earlier, farmers’ adoption of "improved" varieties is affected by
several socio-demographic, economic, agronomic and institutional factors. Table 5.1
presents the variables used in this study, and the hypothesized direction of the
relationship between the identified variables and the probability of farmers’ adoption

behavior.
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Because the meaning of the identified variables and their hypothesized signs are
fairly straightforward, they are not discussed in detail. However, variable STRESS1
warrants further explanation. This variable is used to capture the effect of plots’
hydrologic characteristics on farmers’ decision to adopt "improved" rice varieties.
Theoretically, these characteristics include factors such as the maximum sustained water
depth, the rate of increase in water depth, and the length of the flooding period. Because
such data do not exit and it was practically impossible to generate them, this analysis
uses farmers’ perception of the water stress suffered by the rice plant during the critical
periods of the crop cycle (i.e., germination, tillering, flowering, and grain filling) as a
proxy.

For each farmer, the variable STRESSI1 is coded "1" if, from her/his own point
of view, she/he observed evidence of significant water stress on the rice plants during
any of these periods, and "0" if she/he did not. During the analysis, alternative stress
variables were evaluated, which represented combinations of the water stress proxies.
However, these results are not reported because none of these combinations was
statistically significant. As a result, only the more general proxy was retained.

The hypothesized negative sign for the variable GENDER indicates that it is
expected that men are more likely to adopt "improved" varieties than women. The
education variable is included as a proxy for farmers’ capacity to fully understand the
complexity of the technology.

While this study focuses on the variables identified in Table 5.1, it recognizes that

other variables can be used in modeling farmers’ technology adoption decisions. For
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example, the extent to which the technology can be tested on a small scale (i.e.,
trialability and divisibility) and the extent to which it is possible to visualize the change
in the resulting outcome (i.e., observability) are potentially important determinants of
adoption. Similarly, taste and the processed grain color, as well as the difference in nét
returns between the "traditional" and "improved" varieties, and the availability of and
access to credit are often important determinants.

However, the trialability, divisibility, and observability of the technology being
studied (i.e., variety) are not included in the analysis because this technology satisfies
these conditions. Varieties taste and color, as well as the access to credit are not
considered due to funding and time constraints. Finally, net}retum differential are not
included in this analysis because these farmers are predominantly subsistence farmers'.

Since, as mentioned earlier, only a fraction of the 334 farmers surveyed were
monitored to collect detailed input-output data including yields, the logistics model is
estimated with data from this sub-sample. Table 5.2 presents a summary of the
descriptive statistics computed from this sub-sample for the variables used in the
estimation process. The sub-sample is composed by 221 farmers, 84 percent of which
are female, 61 percent from a bas-fond with a water control infrastructure, and 48

percent planted "improved" rice varieties.

! However, net returns of selected rice production systems are estimated in subsequent chapters.
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Table 5.2: Descriptive Statistics of the Variables Hypothesized to Affect Farmers’
Adoption of "Improved” Rice Varieties for the Bas-Fond Production Systems.

Mean Standard ,. . . Sample

Variables Unit Value deviation size

Socio—Deographic

GENDER dummy 0.84 0.37 0 1 221
AGEXPL years 43.92 12.86 20 81 221
PCTSCOL % 10.71 17.01 0 100 221
PCTALP % 7.40 10.62 0 73 221
FPCTSCO % 3.90 14.88 0 100 221
FPCTALP % 2.91 11.58 0 100 221
Economic:
SURFACE ha 0.42 0.93 0.02 12 221
UPASIZE persons 16.13 12.42 2 94 221
Agronomic:
STRESS1 dummy 0.48 0.50 0 1 221
WTCONT dummy 0.61 0.49 0 1 221
VARIETY dummy 0.48 0.50 0 1 221
Institutional:
STECHELP dummy 0.27 0.45 0 1 221
HISTCOT dummy 0.52 0.50 0 1 221
COTFIELD dummy 0.52 0.50 0 1 221
WMKTD km 3.27 2.61 0 7 221
URBMKTD km 34.78 26.05 0 80 221

Source: Survey Data.

5.2.3.2. Results, Interpretation, and Implications for Research and Extension
Using the variables identified in Table 5.1 and data for the entire sub-sample of

monitored farmers!, various specifications of the binomial logit model were estimated.

! An attempt to evaluate these models at the village-level to determine if there existed some variability
in the behavior of the variables from one village to another was abandoned because of limited degrees of
freedom within adoption groups in each village.
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To take guard against the undesirable! effects of correlations between these variables
(i.e., multicollinearity), a stepwise regression procedure was used for selecting variables
to be included in the model. Variables were excluded or included in the model based on
the probability associated with their F-statistics whose cutoff point was set to 0.05 for
the inclusion and 0.10 for the exclusion rules. This procedure ensured that when two
variables were (statistically) significantly correlated, only one of them was used in a
specification.

The estimated model specifications were evaluated based on (i) theoretical
consideration, (ii) the significance? of the regressors’ coefficients and the direction of
their effect on the probability of adopting "improved" varieties, (iii) how well the models
classify the sampled farmers into their observed adoption category, and (iv) how likely
the sample results are, given the parameter estimates. The LIMDEDP classification table
was used to assess how well each model classifies the observed data. This table
compares the model’s prediction to the observed outcomes by giving the number of
observations that are correctly and incorrectly classified as adopters versus non-adopters.

For each farmer, this comparison is based on whether or not the estimated probability

! Appendix 5.1 provides a summary of the two dimensional correlation coefficients between variables
considered in estimating the binomial logistic model for farmers’ decision to adopt "improved” rice
varieties. While there exist many significant correlations between variables in Appendix 5.1, this is not
unusual, particularly when many dummy variables are used. Under such circumstances, the analyst is most
concerned by perfect or strong correlations. If the model includes variables that are perfectly correlated
(i.e., r=+1 or -1), it is mechanically impossible to compute the parameters’ estimates since the hessian
involved would be singular and thus not invertible (i.e., the iterations would not converge). If the model
includes variables that are strongly correlated (i.e., r is high), the estimation procedure may produce large
standard errors of the coefficients, leading to less precise estimates and making it difficult to reject
hypotheses that would otherwise be rejected (i.e., leads to type II error).

2 The significance of each regressor’s estimated coefficient is determined using student test (t-test) to
test the null hypothesis that the estimated coefficients are individually equal to zero.
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that the farmer used "improved" rice varieties is greater or less than one-half. If for a
particular farmer this estimated probability is more than one-half, that farmer is classified
as an "adopter” of the "improved" rice variety. Alternatively, if this probability is less
than one-half, the farmer is classified as a "non-adopter” of the "improved" rice variety.

To assess how likely the sample results are, the null hypothesis that the
explanatory variables other than the intercept have no impact on the choice probability
(i.e., the B;s are jointly equal to zero) was tested using the model’s chi-square (x?)
statistics!.

The results generated by the estimation process showed that three of the
specifications are fairly similar, in the sense that the coefficients are fairly similar in
magnitude, statistical significance, and the direction of the effects of each regressor on
the probability P, to adopt "improved" varieties. These three models differ in terms of
the education variable used (i.e., literacy rate or schooling rate) and the inclusion or
exclusion of the variable "STRESS1" used in an attempt to capture the effect of the
hydrological characteristics of each plot on adoption. Ultimately, the model with the
literacy rate was retained because of CMDT and ONGs involvement in literacy

campaign, and the estimation results are reported in Table 5.3.

! The model’s chi-square statistics (x°) is computed as the difference between the values of -2LL (i.e.,
-2 times the value of the log-likelihood function) of the model with only the constant term and the current
model. The degrees of freedom for the test is computed as the difference in degrees of freedom between
the two models. For each model, the degrees of freedom is the total number of cases (i.e., farmers),
minus the number of parameters being estimated. The null hypothesis is rejected if the model’s chi-square
value is too large.
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Table 5.3: Farmers’ Adoption of "Improved" Rice Varieties-- Estimated Coefficients (8),
Marginal Effects (4,), and Percent Successful Classification for Logit Models in
Bas-Fond Production Systems, Mali, Cropping Season 1995-96.

Significance Correlation Effect

Coefficient

_ O

Variables in the Equation

WTCONT 2.0277 0.4468 0.0000 0.2465 0.5069
GENDER -2.1526 0.9133 0.0184 -0.1078 -0.5385™
WMKTD -0.2167 0.0871 0.0128 -0.1170 -0.0542°
SURFACE -0.3803 0.2655 0.1521 -0.0130 -0.0951°
HISTCOT 0.7544  0.3903 0.0533 0.0753  0.1886
Constant 1.0840 0.9148 0.2360 0.2713

Variables not in the Equation

Residual x* 7.188 0.3038
UPASIZE 1.4784 0.2240 0.0000
AGEXPL 1.0000 0.3173 0.0000
URBMKTD 4.5336 0.0332 0.0910
STECHELP 0.0048 0.9445 0.0000
FPCTALP 0.1380 0.7103 0.0000
STRESSI 0.1073 0.7432 0.0000

Model’s X 92.8730™

% Correct Prediction:

non-adopters (n=115) 84.35%
adopters (n=106) 74.53%
both (N=221) 79.64%

@ "% js used when P < 0.02 while "**" indicates that P < 0.01 (2-tailed significance).
The coefficients with no asterisk are not significantly different from zero for o
< 0.05.
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It is important to note that there is a fairly good balance between the size of the
sub-sample of adopters (106 farmers) and non-adopters (115 farmers) for the dependent
variable!. While all variables used in the models were expected to be statistically
significant, the estimation results show that only the presence of a water control
infrastructure (i.e., WTCONT), farmers’ gender (i.e., GENDER), the village distance
to the closest market (i.e., both urban and weekly markets, but mostly weekly markets),
and the village experience in cotton production (i.e., HISTCOT) are significant.

As hypothesized, the positive signs of the significant estimated coefficients for the
presence of water control in the bas-fond and the village years of experience in cotton
production indicate that each of these two variables increase the probability of adopting
"improved" varieties. While the positive effect of water control may be attributed to
farmers’ perception that "improved" varieties are better suited to the resulting water
conditions than "traditional" varieties, the effect of the village cotton production
experience is due to the fact that CMDT, a parastatal promoting cotton, makes inputs
(including seeds) available on credit to cotton producers.

The negative sign of estimated coefficient of the significant gender and market
distance variables indicate that (1) men are more likely than women to adopt "improved”
varieties, and (2) the longer the village distance to the closest market, the higher the
decrease in probability to adopt the variety, respectively. As argued earlier, the

difference in gender behavior with respect to variety adoption can be explained by the

! Note that only 221 of the 334 sampled farmers are included in this analysis because they are cases
for which there was no missing data for each variable in the model. The statistical package used to
estimate the marginal effects (LIMDEP) could not run the entire data set of 334 cases because some of the
variables in the model had missing data. This explanation is also valid for subsequent logistic models.
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fact that men are the ones who control the household’s income and they tend to be more
exposed to extension agents and researchers than women.

Table 5.3 also substantiates the point made earlier that a significant estimated
coefficient does not necessarily implies a significant marginal effect! of the variable on
the regressand because the standard error of marginal effects depends on the standard
error of the estimated coefficients and F (see Equation 4). The village experience in
cotton production and the presence of water control infrastructure, which have
statistically significant estimated coefficients, have non-significant marginal effects. In
contrast, farmers’ rice plot size which has a non-significant estimated coefficient has a
significant marginal effect.

From the estimated values, it appears that farmer’s gender has the highest
statistically significant marginal effect (absolute value) among the five variables selected
in the final equation, followed by farmers’ rice plot size, and the village distance to the
closest market. These results indicate that moving from male to female farmers tends
to decrease the probability for farmers to adopt "improved" varieties by about 54
percent, while the village distance to the closest market and plot size tend to decrease this
probability by about five and 10 percent per unit, respectively. While the five percent
increase in probability for farmers to adopt the "improved" variety due to the village
distance to the closest market may appear to be negligible, it could indeed be important

when one keeps in mind that it is estimated on a per kilometer basis.

! The marginal effect of any variable is the change in the probability of adopting the "improved"
technology, given a "unit change” in that variable.
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The inability of these models to show statistical significance for variables such as
plot size (i.e., SURFACE) and farmer’s age (i.e., AGEXPL) can be explained by their
low variability among the sample of farmers. Almost all rice plots in each of the 12 bas-
fonds have fairly equal in size and most rice farmers are older members of the PUs.
Although the models failed to indicate an expected statistical significance for these other
regressors, its goodness of fit is fairly acceptable, based on the (statistically) highly
significant chi-square values and the high percent of correct prediction. The models
correctly classified 75 percent of the farmers who actually used "improved" varieties, and
as much as 84 percent of those who used "traditional” varieties. Overall, 80 percent of
the farmers were correctly classified into their actual variety adoption category.

A higher predictive power for adopters of "improved" varieties would have been
desirable because the primary goal for this estimation was to identify factors that can be
used to promote greater adoption of the "improved" varieties. However, these models
do reveal that improving water control, and expanding female farmers’ access to credit
and seeds could significantly increased the adoption of "improved" varieties.

While not explicitly included as a variable in the estimated models, key
informants reported that one of the constraints to a wider adoption of "improved" rice
varieties is the absence of a reliable supply of seeds. Currently, CMDT is the only
formal source of "improved" seeds, mostly through loans that are later repaid for from
cotton sales. However, the role of CMDT as a seed credit source is constrained by the
fact that farmers have a credit limit, which is determined by their respective cotton

production levels and is limited to no more than 30 percent of their cotton revenues.
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Even if CMDT could revise its credit policy on seeds to enable more farmers (including
non-cotton farmers) to buy seeds from them, it is likely that CMDT would not be able
to meet the potential demand for rice seeds, given that cotton is its main thrust.

Of course, speculation about the need to expand seed availability is contingent to
the higher performance of the "improved" varieties, relative to the "traditional” ones.
The issue of the performance of the rice varieties is addressed in Section 5.5 of this
chapter and in Chapter Six. The important question regarding the extent to which the
policy reforms lunched in 1990s would be able to enhance the development of reliable -
sources of seeds is not addressed in this study'. However, we hypothesize that the
success of these policies would likely have a some significant effects on bas-fond rice

production, assuming farmers have the purchasing power or have access to cash.

5.2.4. Distinctive Characteristics of Adopters of Herbicide and Fertilizer
5.2.4.1. Model Specification

As with the use of "improved" varieties, farmers’ decision to use herbicides
and/or fertilizer in their rice fields is affected by several socio-economic, agronomic and
institutional factors. Table 5.4 presents the specific variables used in this study to model

herbicide and fertilizer adoption.

! Previous experiences have shown that, to a large extent, the successful development of a seed industry
has depended upon governments leadership and investment in launching the seed industry, an effective
partnership between the public and private sectors, the development and enforcement of official seed
certification labels, and effective rules and regulations dealing with trial of new varieties, variety
registration, seed import, intellectual property rights, and access to publicly-developed germplasms, as well
as the private sector capability and incentive to commercialize and disseminate high-quality seeds (Rusike,
1995).
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These variables are similar to those used in the variety adoption model, with one
exception that the rice variety planted is assumed to be a determinant of herbicide and/or
fertilizer use, based on farmers’ belief that "improved" varieties require using these
inputs. Furthermore, a variable measuring the number of PU labor per hectare of bas-
fond land cultivated by the PU (i.e., LABOR) is included in the herbicide model as an
attempt to improve the value of the variables SURFACE and UPASIZE.

The hypothesized signs on the variables LABOR and UPASIZE indicate that the
larger the household or the size of the household per area planted, the less likely are
farmers to use herbicide, and the more likely they are to apply fertilizer because they
expect to increase their production (yields) to feed their larger household. Farmers age
and water stress are expected to have a negative effect on the probability to adopt
herbicide or fertilizer. For GENDER, the hypothesized signs indicate that men are more
likely to adopt herbicide or fertilizer than women because they control the household’s
income. In contrast, farmer’s education and bas-fond area planted are expected to have
a positive effect on the probability to adopt herbicide or fertilizer. For VARIETY, the
hypothesized signs indicate that farmers who plant "improved" varieties are more likely
to adopt herbicide or fertilizer than those who plant "traditional" varieties.

As was the case for variety adoption model, the logistics analysis on herbicide and
chemical fertilizer adoption utilizes data from a sub-sample of 334 monitored farmers.
The sub-saxﬁple includes 115 farmers, 88 percent of whom are female, 50 percent farm
in a bas-fond with a water control infrastructure, 40 percent planted "improved" rice

varieties, 43 percent applied herbicide, and 42 percent applied fertilizer (Table 5.5).
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Table 5.5: Descriptive Statistics of the Variables Hypothesized to Affect Farmers’
Adoption of Herbicide and Fertilizer for the Bas-Fond Rice Production Systems.

— _  Mean Standard .,.. _ Maximu Sample
Value deviation m size

Socio—Demograghic

GENDER dummy 0.88 0.33 0 1 115
AGEXPL years 43.26 13.61 20 79 115
PCTSCOL % 12.85 17.63 0 77 114
PCTALP % 8.86 10.02 0 40 114
FPCTSCO % 541 16.75 0 100 115
FPCTALP % 2.85 9.85 0 50 115
Economic:
SURFACE ha 0.37 1.13 0.2 12 115
UPASIZE persons 16.52 10.14 3 60 115
Agronomic:
STRESS1 dummy 0.48 0.50 0 1 115
WTCONT dummy 0.50 0.50 0 1 115
VARIETY dummy 0.40 0.49 0 1 115
FERT dummy 0.42 0.50 0 1 115
HERB dummy 0.43 0.50 0 1 115
Institutional:
STECHELP dummy 0.32 0.47 0 1 115
HISTCOT dummy 0.50 0.50 0 1 115
COTFIELD dummy 0.50 0.50 0 1 115
0 80

115

Source: Survey data.

5.2.4.2. Results, Interpretation, and Implications for Research and Extension

Using the variables identified in Table 5.4 and data for the entire sub-sample of
monitored farmers, various specifications of the binpmial logit model for farmers’
decision to adopt herbicide and fertilizer application were estimated, using the stepwise

procedure to take into account possible correlations between these variables (Appendix
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5.2). The estimated model specifications were evaluated using the same tools and
standards discussed earlier for the model on the adoption of rice varieties. From the
estimation process, one specification was retained for each input. These results are

reported in Table 5.6 for herbicide adoption and Table 5.7 for fertilizer adoption.
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Table 5.6: Farmers’ Adoption of Herbicide Application-- Estimated Coefficients (8),
Marginal Effects (6,), and Percent Successful Classification for Logit Models in
Farmers’ for Bas-Fond Production Systems, Mali, Cropping Season 1995-96.

Significance Correlation Effect

® F

Coefficient

Variables in the Equation

VARIETY 1.1008 0.4108 0.0074 0.1814 0.2699™
URBMKTD 0.0207 0.0085 0.0151 0.1576  0.0051%
Constant -1.3683 0.3705 0.0002 -0.3356™

Variables not in the Equation

Residual x* 9.236 0.3228
WTCONT 1.3933 0.2379 0.0000
LABOR 0.1349 0.7134 0.0000
AGEXPL 0.5098 0.4752 0.0000
GENDER 0.1577 0.6913 0.0000
STECHELP 0.0052 0.9427 0.0000
FPCTALP 1.7668 0.1838 0.0000
HISTCOT 0.4047 0.5247 <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>