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ABSTRACT
A SYSTENS ANALYSIS
OF THE STATUS AND POTENTIAL

OF ACACIA ALBIDA (DEL.)
IN THE WORTH CENTRAL PEANUT BASIN OF SENEGAL

By

James R. Seyler

One of the oldest traditional agroforestry systems in the Sahel
is the intercropping of the leguminous tree species Acacia albida with
millet or sorghum, often associated with a livestock component. In the
past, this system constituted a form of ecological equilibrium for
much of Sahelian agriculture. The system is under stress and breaking
down in many areas in spite of government and donor interest in
maintaining and expanding it.

The primary purpose of this research was to investigate internal
and external biophysical and socio-economic factors related to the
decline, maintenance and replication of the A. albida system in
Senegal’s North Central Peanut Basin. A systems model of human
ecology was used and implemented through: rapid rural appraisal;
formal farm-level socio-economic survey; a farm-level biophysical
inventory of on-farm tree and soil resources; and focus group
interviews. Regression analysis was used to test the majority of
hypotheses. Principal components analysis was employed to identify
composite variables and their interactions. A benefit-cost analysis
examined the financial returns of the system under different input
scenarios.

The research found that the economic incentives are the primary
determinant in on-farm natural resource management. Maintenance and
wider use of the system and improved natural resource management are
influenced more by general agricultural and economic policies than by
policies and projects which focus on the system itself. Changes in

agricultural policy through structural adjustment had the greatest



positive impact on the system. Internally, a combination of drought,
water table depth and cutting for forage had the greatest negative
impact. Contrary to conventional wisdom, it was also found that
population pressure bears positively on the system through
agricultural intensification. The research also found great
similarity between Wolof and Serer A. albida systems.

This study concludes that increased support for actions that
farmers are currently undertaking to better protect and manage their
natural resources, is preferable to narrow technical interventions
that focus on new methods and technologies. There is a great need for
agricultural and forestry/natural resources training to better equip
farmers with the skills necessary for improved natural resource
management and decision making. Similarly, extension should support
existing management systems rather than promote externally conceived
systems which seldom conform to local realities. Finally, system-
specific and other natural resource policies such as the Forest Code
require modification to be brought in line with and supportive of

current farmer actions.
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CHAPTER 1
THE ACACIA ALBIDA HUMAN ECOLOGICAL SYSTEM
"If one mutilates the branch of an Acacia albida without

reason, his arm will be cut off, and if one cuts down an
Acacla albida without authorization, his head will be cut

off."

Dina Djenne, Sultan of Zinder,
Niger. Ca. 1880, from Giffard (1964)

1.1 Introduction

Many countries in sub-Saharan Africa are now experiencing some
of the world’s highest population growth rates. As a result, the rise
in demand for food and forest products has increased pressure on the
natural resource base to the extent that many traditional farming
systems are no longer adequate to meet basic family needs (ICRAF
1985). As Africa’'s human and livestock populations increase, greater
and conflicting demands are being placed on a finite land base, thus
jeopardizing increased or even sustained agricultural production.

Some rural development experts attribute sub-Saharan Africa’s declines
in agriculture productivity (World Bank 1985) to the widespread
deforestation, overgrazing and subsequent increases in soil erosion
now present on the continent (Hekstra 1981, Timberlake 1985).
Inappropriate agricultural and natural resource policy frameworks have
also been implicated in Africa’s declining agricultural productivity,
Not only from a macro-economic perspective, but from their potential
Negative impacts on natural resources (Berry et al. 1980, Timberlake
198s5),

Whatever the reasons for these declines, it is increasingly
®vident that pressures on the natural resource base in Africa will
'v°ntu1a11y dictate that food, wood, fodder and other goods be produced
by farmers on their own land. This "on-farm" approach maintains that
the farm family is a social nucleus around which reforestation

Programs are planned (Cernea 1985). Thus, soil and water
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conservation, achievable through "on-farm®" or family forestry and tree
planting can play an important role in halting the degradation
associated with inadequate land use choices such as uncontrolled
shifting cultivation and fuelwood and charcoal harvesting, and
overgrazing. This on-farm tree planting is referred to as
agroforestry.

Agroforestry has been defined by Bene (1977) and King and
Chandler (1978) as a "holistic approach to sustainable land management
systems which increases the yield of the land, combines the production
of crops (including tree crops) and forest lands and/or animals
simultaneocusly and/or sequentially on the same unit of land, and
applies management practices that are compatible with the cultural
practices of the local population.” In simpler terms, agroforestry is
the "culturally appropriate” association of trees and/or shrubs with
crops and/or animals either in space or in time.

Agroforestry is an old practice but a new science whose
potential for sustaining or increasing crop yields while maintaining
ecological stability in farming systems has only recently been
recognized by the scientific community!. One of oldest "traditional"”
agroforestry systems is the intercropping of the lequminous tree
species Acacia albida with millet or sorghum, often associated with a
livestock component. While the tree species extends across Africa’s
Sudano-Sahelian zone from Senegal to Israel (Aloni 1972), and south to
Namibia, the actual agro-silvo-pastoral system is generally only
practiced in the sahel (including the Sudan) and parts of Ethiopia and
Malawi.

The A. albida system has many ecological and economic
advantages. The trees lose their leaves during the rainy (growing)

season so there is no light or nutrient competition with crops (LeBrun

lThe International Center for Research in Agroforestry (ICRAF)--
the primary organization responsible for agroforestry research and
development-- is only 16 years old.
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1975). A. albida’'s abundant litterfall, its ability to fix
atmospheric nitrogen and recycle nutrients via its deep tap root
provides many Sahelian farming systems with their major source of
nutrients while helping to maintain or increase soil organic matter
content (Jung 1966, Wickens 1969, Charreau 1974). During the dry
season, the mosaic of trees makes an effective windbreak thus reducing
soil erosion (McGahuey et al. 1977). Economically, it has been
determined that this system can increase millet yields by 30-50% while
providing an important source of on-farm fuelwood, poles and fodder
(Arnold 1985, Miehe 1986, Poschen 1986).

The above combination of factors has, in the past, constituted a
form of ecological equilibrium? for much of Sahelian agriculture.
Swift (1977) provides a concise review of ecological equilibrium or
"steady state” in Serer agriculture in Senegal in 1977:

The Serer are peasant farmers inhabiting Western Senegal
in the region between Thiés, Diourbel, Kaolack and the
coast. The Serer country has soils of mediocre quality,
and irregular rainfall with an annual mean of around 760
mm. The high human density (80-100 people per square
kilometer) is the result of successful maintenance of soil
fertility by systematic use of cattle manure, by
conserving useful trees and by crop rotation with reqular
fallow.

The Serer carefully select useful trees, particularly
Acacia albida, which returns organic matter to the soil
and thus increases the yield and protein composition of
millet. Each tree improves 100-300 square meters, and 10-
15 per cent of the land is thus fertilized. Acacia albida
seed pods are valuable forage for livestock and enabled
the Serer to keep large herds close to the village.
Traditional Serer agriculture concentrated on millet and
domestic animals. The fertility of short-cycle millet
fields close to the houses was maintained by spreading
domestic refuse and by letting cattle pass through and
manure them during the dry season; the fertility of the
.large fields of late millet beyond was maintained by
fallows every second year, when they were grazed and
manured by village herds.

2gowever, as Swift (1977) points out, while many African peasant
or pastoral cultures show relatively stable forms of ecological
adaptation to particular sets of environmental conditions, there is no
such thing as a "climax" human society or culture. The subject of
ecosystems and social systems as "steady state” or as dynamic systems
will be discussed in a later section.
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Poncet (1977) describes use of the system in Niger. More
recently, Miehe (1986) describes the A. albida system as practiced by
the sedentary Fur people on the lower slopes and highlands of the
Jebel Marra massif in Sudan. He reports that:

The basic agrosilvopastoral system consists of terraced

village fields, where semipermanent rainfed cropping of

staple millet and other subsistence crops takes place

under stands of multi-purpose trees dominated by Acacia

albida, Cordia abyssinica and fiziphus spina-christi.

Trees have been retained primarily for food, wood and

fodder.....The system has been able to sustain self-

sufficiency of a densely settled population over

centuries.

Similarly, Poschen (1986) describes the traditional growing of
A. albida as a permanent tree crop with cereal and vegetable crops and
coffee on farmlands in the Hararghe highlands of Ethiopia. He argues
that "A. albida keeps the promise of the agroforestry concept in the
Hararghe highlands of Ethiopia as much as it does in West Africa where
it is more popular and extensive”.

In spite of A. albida’'s potential, and in spite of many
advocates for an expanded use of the system in the Sahel and other
arid and semi-arid areas (Dancette 1968, Catinot 1974, IDRC 1979,
Fleury 1982, Wentling 1983), some preliminary studies have indicated
that the use of the Acacia albida in Sahelian farming systems is
declining. Limited research indicates that farmers in some areas of
the Sahel are no longer protecting natural regeneration due to
increased demographic pressure and the more widespread use of animal
traction and cash crops (Wentling 1983, Salle 1988, ISRA 1988, Ndiaye
1989). However, some preliminary studies in Senegal have shown that
some farmers are actively protecting A. albida natural regeneration
(and transplanting wildlings) implying that farmer perception,
agronomic practices, national or local incentives or other factors may
be playing an important role in the maintenance/expansion of the
system (Ndiaye 1989). In short, many questions regarding the A.
albida-millet system need to be answered particularly as regards

constraints to its maintenance and extension. Research conducted
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under this study is intended to answer, in part, some of these
questions for Senegal’'s North Central Peanut Basin3 (NCPB).
1.1.1 The research site and its importance in the Senegalese economy

Senegal'’s Peanut Basin (Bassin Arachidier) was named as a result
of the dominant importance of peanuts as a cash crop. Introduced by
the French in the late 1880's peanuts quickly gained importance in
terms of both area cultivated and economic value in the sandy plains
east of Dakar. Extending out from Dakar, the main center for peanut
processing and export, the Peanut Basin (PB) soon became a focus for
population and economic development and agriculture became settled on
a peanut-millet rotation. Today, the Peanut Basin is Senegal'’s
largest and most important agricultural region. It encompasses 64% of
the country’s arable land, 50% of the total population and 62% of the
rural population (Abt Associates 1985). Between 1960 and 1980, the
peanut basin produced 82% of Senegal’'s peanuts and 67% of its millet
and sorghum (SODEVA 1983).

Peanuts and millet and sorghum are also the main sources of farm
income. From 1983 to 1989, peanuts represented about 43% of farm
income and millet and sorghum around 30% of farm income (Rodale 1989).
Peanuts are also the main agricultural export! and represent a
significant share of foreign exchange earnings. Due to fluctuations
in rainfall and international prices, peanuts’ contribution to foreign
exchange earnings varied between 10% and 25% during the last decade
(op. cit.). However, since the removal of agricultural subsidies
(particularly for fertilizer) in 1984 with Senegal’s "Nouvelle
Politique Agricole” (New Agricultural Policy or NPA), peanut
production has declined both in terms of yields and area planted
(S8idibé 1989). However, the relative decline of farm income derived

31t is also expected that findings from this study will have some
applicability to other areas of the Sahel where the system is
practiced.

‘senegal is the main exporter of peanut oil in Africa.
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from peanuts appears to have been offset somewhat by crop
diversification (cowpeas and cassava), vegetable gardening, animal
fattening/small livestock, petty trade and more opportunities for off-
season wage employment (Abt Associates 1985).

While the Peanut Basin (and peanut production) has, over time,
spread gradually east and south, traditionally, the "original®” Peanut
Basin (i.e., the older areas of peanut production) was comprised of
four of Senegal’'s eight administrative regions - Diourbel, Louga,
Thids and Sine Saloum. The area chosen for the actual study lies more
or less in the center of the old Peanut Basin and was delineated by
identifying the ecological zones where A. albida is the predominant
component of the vegetation®. While the old Peanut Basin has an area
of approximately 64,000 square kilometers (Rodale 1989), the study
area covers only about 2000 square kilometers and includes parts of
the administrative districts of Thiés, Diourbel, Fatick and Kaolack.
1.2 Theoretical and conceptual base for the study

The practice of agroforestry and the use of the A. albida system
respond to Odum’s (1984) call for agricultural systems which reverse
undesirable trends in agricultural production. However, an underlying
factor in the success (or failure) of many agroforestry research and
development initiatives is an understanding of both the
biological/ecological and socio-economic processes and constraints in
a particular ecosystem. Until recently, however, agroforestry and
natural resource management in general have been viewed by many
Sahelian governments (including the GOS) and donor agencies as an
applied natural science primarily concerned with technical and
biological aspects. There has been a tendency to ignore human

behavior/socio-economic conditions and/or to emphasize society'’s

5prawing on the vegetation analysis for Senegal conducted by
South Dakota State University (Stancioff et al. 1986) the study area
was delineated by identifying the geographical/ecological zones where
A. albida is the predominant component of the vegetation (i.e., either
one, two or three in terms of physical presence/numbers). Additional
information on site and informant selection is provided in Chapter 2.
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impact on the environment®. This is particularly true for the A.
albida system as the vast majority of research and literature on the
system have focussed primarily on biophysical or ecosystem
components’.

" Production systems (including those which incorporate A. albida)
in the NCPB are undergoing continuous social and ecological change.
Decision makers and resource managers must adjust to these changes and
guide them, where possible, to meet the needs of society. In order to
understand these changes and the impact they have on the A. albida

system, a conceptual framework is needed to organize relationships and

€1t should be noted that the reverse situation is occasionally
true as well; when social scientists are involved the tendency is to
ignore the biophysical environment and/or emphasize society’s
dependence on the environment.

There is a considerable wealth of information on A. albida’s:
(i) taxonomy (Aubreville 1950, Wickens 1969, Ross 1973, Nongonierma
1977, El1 Tinay et al. 1979, Ross 1980a, Ross 1980b), phenology
(Trochain 1969, Delwaulle et al. 1974, LeBrun 1975, Werger 1983),
morphology (Karschon 1967, Guinet et al. 1976, Evans et al. 1977,
Brian 1987, DuBoux et al. 1985, Brian 1987, Farooqui 1987, Favre et
al. 1987), range (Aloni 1972, Boulous et al. 1976), and ecology
(Charney 1975, Kowal et al. 1978, Ward 1983, Miehe 1986, Madsen 1986)
of the species; (ii) its effect on crop yields (Sarlin 1963, Charreau
and vidal 1965, IHRO 1966, Dancette and Poulain 1969, Felker 1978),
soils (Bughes 1957, Giffard 1964, Schoch 1966, Jung 1966, Jung 1967,
Radwanski and wWickens 1967, Jung 1969, Jung 1970, Charreau 1974,
Felker et al. 1980), ability to nodulate and fix nitrogen (Habish
1968, Habish and Khairi 1970, Habish 1970, Corby 1974, Athar and
Mamood 1985) and pesticidal properties (Hussein and Yankov 1987);
(iii) its role and importance as a forage crop (Currason 1958,
Harvard-Duclos 1967, Boudet and Riviere 1968, Bartha 1970, McCleod
1974, Boudet 1975, Gohl 1975, Van Soest and Robertson 1976, Gallais
1977, Poncet 1977, LeHouerou 1979, LeHouerou 1980a, LeHouerou 1980b,
Cisse 1980, Toulain and Piot 1980, Gwynne 1969, Penning and Djiteye
1982, Van Soest 1982, Sherman 1987); (iv) its silvicultural aspects
(Giffard 1964, CTFT 1966, Mariaux 1966, Anon. 1968, CTFT 1971, Wickens
1971, FAO 1974, Elamin 1975, Goor and Berney 1976, FAO 1977, Ferlin
1977, McGahuey and Kirmse 1977, Bebawi and Mohamed 1982, Bebawi and
Mohamed 1985, Ismail 1986, Ahmed 1987, Babu et al. 1987, Bahuguna et
al. 1987); and (v), its role and importance in combatting
decertification (Dancette 1968, Lericollais 1970, Brunck 1972, Catinot
1974, Pelissier 1977, von Maydell 1978a, von Maydell 1978b, Pelissier
1979, IDRC 1979, Charreau 1980, Felker 1980, Freeman and Fricke 1980,
Edwards 1982, Fleury 1982, Wentling 1983, Duhoux and Davies 1985,
Nimbkar 1986).

Published and "fugitive" literature on the socio-economic
aspects of the A. albida system is numerically at least more limited
(Lemaitre 1954, Pelissier 1967, Kerhard and Paccioni 1974, Brokensha
and Horowitz 1977, CECET 1977, Delgado 1977 and Pelissier 1979).



interdependencies between inhabitants of the NCPB and their
biophysical environment.

1.2.1 The search for a conceptual framework: four assumptions and
three perspectives

A conceptual framework is a set of assumptions about how things
function in the world. While not a model or a management strategy per
se, a conceptual framework does guide thinking in the choice of
variables to include in models and in the formulation of management
strategies, both by excluding some possibilities and by choosing
others. Ultimately human actions (and most research, including this
study) are based on the assumptions embedded in a framework even
though they may only be implicit and not consciously stated. 1In
short, how one thinks things work governs how one acts to achieve the
results or outcomes one desires. As Hall and Day (1977) put it:

One takes the components, interactions and mechanisms that he

believes to be operable in the system and considers them within

the framework of the whole system and the question he is
interested in....To construct a conceptual model one says,’'this

is how I think my system is’'. (p. 17).

Thus, the ultimate choice of a conceptual framework with which
to study the A. albida system is based on four key assumptions of how
the pricipal investigator thinks or perceives the A. albida system to
be. First, it is believed that the A. albida system is dynamic and
continuously changing, and as such, can never reach an equilibrium or
"steady state”". Second (and as many NCPB farmers do), the framework
should view resources as being finite, requiring certain conditions
and inputs for continued or sustained production. Third, if it is
assumed that resources are finite, it must also be assumed that it is
human activity which needs to be managed in the NCPB rather than human
activity managing the ecosystem. Finally, as its name implies, A.
albida is a system (agroforestry) whose use in NCPB production systems

suggests that the conceptual framework be based on a systems approach®

SA systems approach in general has considerable advantages in the
study of the A. albida system. Spedding (1984) argues that the
systems approach is invaluable for system operators (farmers, decision
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which incorporates feedback loops. This assumption automatically
excludes linear-causal models (or one way adjustment theories) with
only a uni-directional relationship among variables.

In the search for a conceptual framework/model which
incorporates the above assumptions, there are essentially three
perspectives and models on which one might draw: ecosystem
perspectives, environmental management perspectives and perspectives
based on human ecology. These three conceptualizations of the
relationship between society and the environment in combination with
the stated assumptions permit an assessment of the consequences of
making decisions about the A. albida system on the basis of one
perspective or another.
1.2.1.1 Ecosystem perspectives: steady state vs. a dynamic view

Botkin (1990) distinguishes two major schools of thought with
regard to the "balance of nature” at the global level’. The first
sees the biosphere as being in steady state and when perturbed in
anyway, seeks to return to equilibrium. This model, generally
referred to as the ecosystem model, has been accepted as a framework
for studying relationships between nonindustrial societies and their

environment. However, it has been criticized for lacking explicit

makers, etc.) in order to identify "points of decision" since these
are the "levers” which the manager operates. In addition, the systems
approach identifies the information required in order for the operator
to make rational decisions. Spedding goes on to observe that the
"operation of a system cannot be undertaken without an adequate
picture of how the system operates, what is in it and what is not,
where its boundary lies, what its main inputs and outputs are, and how
these are related via component processes”.

Woodmansee (1984) argues along similar lines. He states that
"our ability to maintain sustainable agriculture will be dependent
largely on our successfully manipulating the interactions of biotic
and abiotic factors that operate within ecosystems to produce system
nutrient accumulation and persistence”". He goes on to add that "our
understanding of these interactions is dependent on our ability to
produce a consistent concept of ecosystem behavior into which specific
knowledge is placed.”

The principal investigator also makes the assumption that an
understanding of what is happening globally will influence our
interpretation of local ecosystem conditions and interactions.
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recognition of decision-making and other social processes and its
inability to organize society-environment relationships in industrial
societies (Bonnicksen 1991).

For these reasons, the ecosystem model gradually emerged into
the "agroecosystem” model (Odum 1984). Agroecosystems are defined by
odum (op. cit.) as "domesticated ecosystems which are intermediate
between natural ecosystems such as grasslands and forests, and
fabricated ecosystems such as cities". Odum further argues that the
main differences between agroecosystems and natural ecosystems are:
(i) the use of auxiliary energy sources; (ii) reduced diversity due
to human management; (iii) the fact that the plant and animal species
are under artificial selection rather than natural selection; and
(iv), that the control in an agroecosystem is external and goal
oriented rather than via system feedback as in a natural ecosystem.

As Altieri (1983) observes, the magnitude of these differences
depends on the intensity of management and the degree of disturbance
of the equilibrium of a particular system. He goes on to stress that
an agroecosystem responds to and reflects socio-economic pressures as
well as ecological constraints. Thus, the agroecosystem model
corrects some of the shortcomings of the ecosystem model as it takes
into account both the human and the biological components of the
system. However, the model has still been criticized by some for its
use of what is essentially a biophysical framework to explain social
phenomena and interactions as well as functional relationships between
the biophysical and social components (Bonnicksen 1991).

In addition to the criticisms discussed above, both the
ecosystem and the agroecosystem models make the assumption that the
universe (and all systems encompassing it) tends toward equilibrium
and order. However, there is a growing body of literature which
suggests that the universe is tending toward disequilibrium and
uncertainty. Botkin (1990) refers to this view of the biosphere as

"one that is always changing” and that it is this quality that “has
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allowed life to persist”. Botkin (op. cit.) calls this approach a
dynamic view of ecosystems. In approaches or models based on this
view, change is always occurring but not at a constant rate; change
can be slow, almost imperceptable (as in the case of traditional
agroforestry systems such as A. albida), or cataclysmic.

The contrast between the equilibrium view of an ecosystem and
the dynamic view and their consequences for management are presented

in Table 1.1.

Table 1.1

Contrasts Between Equilibrium and Dynamic
Views of the Ecosystem

EQUILIBRIUM MODEL DYNAMIC MODEL
__

Basic assumptions biosphere in a steady biosphere is always
of model state changing

Type of management managed for constancy managed in terms of
in terms of uncertainty, change,
uncertainty risk and complexity

View of meaning of sustainable harvest long-term time-
sustainability obtainable forever at averaged yield does
the same rate in every | not decline but rate
period of harvest may vary
from time period to
time period; may
have to vary in
short run to achieve
long-term
sustainability

Conservation/Utili- | appeared to be goals of

zation different and in conservation and
general incompatible utilization part of
goals one approach

Source: Botkin 1990: 155-6.

A key criterion in choosing a conceptual framework for this
study would be the extent to which the framework reflects how farmers
in the NCPB tend to view their "universe”. Based on Botkin's (op.
cEt.) analysis, the principal investigator believes that the dynamic
view best approximates the farmers view. First, because their

universe is constantly changing, NCBP farmers, as well most other
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subsistence farmers, manage their farms in terms of uncertainty, risk
and complexity. The risk-averse nature of subsistence farmers has
been well-documented. As Todaro (1977) writes, "the main motivating
force in a peasant’s life may be the maximization not of income but
rather his chances of survival". He goes on to say that peasant
farmers are likely to prefer a technology of food production which
combines a low mean per hectare yield with fewer fluctuations about
the mean, to alternative technologies which may promise a higher mean
yield but also present the risk of a greater variance.

From an NCPB farmer'’'s perspective (and contrary to common
perception), while there have been considerable variations in yields
over the years in the NCPB, the fact remains that long-term time
averaged yields have not declined. Rodale (1989), using Ministry of
Agriculture data from 1960 to 1989, found that while peanut yields are
highly variable from year to year, long term trends are relatively
stable, showing only a very slight decline for the Diourbel region.
For millet, the main food crop of the NCPB, Rodale (op. cit.) found
that the annual yield variation was less than that of peanuts and the
long-term trend was slightly positive.

Finally, the principal investigator believes that the majority
of NCPB farmers do not inherently separate the goals of conservation
and utilization as the equilibrium model would suggest. Where this
separation does exist, it is primarily a result of external influences
by government and donors which has in some instances, lead to the
development of maladaptive strategies among some NCPB farmers. The
problem is exacerbated by the fact that while these strategies are
often recognized as maladaptive, those with the power to take
corrective action (government and donors) do not often do so for
political or other reasons.

1.2.1.2 Eanvironmental management models: finite vs. infinite
resources and managing human activity vs. managing nature

Colby (1990) distinguishes five environmental management models;

frontier economics, environmental perception, resource management,
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eco-development and deep ecology. Colby'’s characterization of these
approaches is useful in attempting to understand the possible
consequences of applying one or another of the models to the A. albida
system.

The frontier economics model has dominated western
civilization’s development and expansion, explicitly or implicitly
since the beginning of European expansion in the fifteenth century.

It has also been the basis for the majority of economic development
programs in tropical countries. The model has three key assumptions.
First, for all practical purposes, resources are considered as
existing in unlimited guantity. Second, the role of humans is viewed
as one of ever-increasing domination and control over nature.
Finally, technology is seen as the ultimate solution to all problems.
These three assumptions together led to the premise that progress can
only be equated with unlimited economic growth.

Economic growth itself is not intrinsically bad, but it does use
and consume resources. The problem with the frontier growth model is
that more often than not, resources are consumed in developing
countries at nonrenewable rates and the desired results (or rationale)
for these rates of consumption (the alleviation of poverty and greater
equity) are almost never achieved.

While there are still many adherents to the frontier growth
model or its derivatives (technology will solve all problems!®), much
of the ecological devastation in tropical countries has been blamed on
the application of this model and its two critical shortcomings: (i)
its failure to take into account the enormous population increases

these countries have experienced; and (ii) using inappropriate western

10rhere are still many who believe that technological innovations
will permit growth to continue indefinitely and that technology will
save us in the future as it has in the past. While the importance of
technology in effective and sustainable natural resource management is
not discounted, the principal investigator believes that it is more
important to seek solution to resource problems now rather than count
on future technological innovations.
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technologies to implement the model which often created more
envirommental and social problems than they solved (Young 1991).

Based on this somewhat cursory analysis, the principal
investigator believes that the only relevance the frontier growth
model would have in the study of the A. albida system would be in
examining the impact of the model on the system from an historical
perspective. 1In short, it appears that any analyses and resulting
actions based on the use of this model today would produce development
that is not sustainable from an economical, ecological or social
perspective.

At the other end of Colby’s environmental management model
continuum, one finds the deep ecology model, also referred to as the
"spaceship earth” model (Boulding 1971), which according to Colby
(1990) was defined in reaction to the frontier economics model. This
model views humans as no different from other organisms in an
ecosystem and believes that humans should live in complete harmony
with nature. The deep ecology model has not been accepted anywhere as
the basis for development planning because its adherents tend to take
an extreme conservationist position, often advocate a return to a
technologically simpler lifestyle and are avowedly anti-growth (Young
1991). 1In short, the deep ecology model appears to be a luxury that
most developing nations could ill afford.

The other models in Colby’s continuum were developed as a result
of these two extremes. The environmental protection model was defined
by the frontier economics model in reaction to the deep ecology model.
Its "dominant imperative"” is the tradeoff between ecology and economic
growth and considers the dominant threat to the environment as being
loss of endangered species and the health impacts of pollution. Major
themes in the environmental protection model are remedial and/or
defensive actions (e.g., treatment plants and environmental impact

statements) and the "legalization" of ecology as an economic
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externality. This model appears to have little to contribute to the
study of the A. albida system.

Moving towards the deep ecology model, one finds what Colby
refers to as the Resocurce Management and Eco-Development models.
While Colby draws a distinction between these two models, they appear
to be quite similar. For example, according to Colby, the dominant
imperative of the Resource Management model is "sustainability” as a
necessary condition for "green growth" while the dominant imperative
of the Eco-Development model is the co-development of humans and
nature and a need to redefine "security". In terms of environmental
management technologies, both models tend towards the use of local or
“appropriate technologies” and recognize the importance of indigenous
knowledge in the management of natural resources.

In terms of finding an appropriate conceptual framework for the
study, these models fall short in incorporating two key assumptions.
First they are both deterministic/mechanistic (albeit subtly) in the
sense that they view equilibrium as the natural state rather than
change. As a result, environmental management technologies and
strategies under these models tend to focus on better management of
the ecosystem and its return to original equilibrium rather than
helping the ecosystem reach a new, perhaps different equilibrium.
Second, both of these models emphasize management of the ecosystem
rather than management of the social system. While there would be
much argument to the contrary by proponents of these models, they
still support man’s dominion over nature, albeit more from a "bottom-
up" approach than the frontier economics model’s "top-down" approach.

1.2.1.3 BHuman ecology approaches: linear-causal vs. adaptive dynamics
models

Bennett (1976) discusses four major approaches in human (or
cultural) ecology since the late nineteenth century: deterministic
anthropogeography, possibilism, stewardian cultural ecology and
adaptive dynamics. According to Bonnicksen (1991), these approaches

or theories used to describe society-environment relationships



16

developed in two phases; one way adjustment phases characterized the
early phase while reciprocal adjustment theories characterize the
"second, present phase”". The two major one-way adjustment (or linear-
causal) theories, "environmental determinism” (anthropogeography) and
"cultural determinism” (possibilism) are contradictory in the sense
that cultural determinism assumes that society controls its
environment more than environment controls society while environmental
determinism assumes that the physical environment exerts a controlling
influence over society. As Bonnicksen (op. cit.) points out, the
defect that these theories share is the assumption that society-
environment relationships operate in only one direction. As a result,
they fail to incorporate the notion of systemic processes or feedback.
Neither of these models have any significant numbers of adherents
today (Young 1991).

Recognizing this defect, theories describing reciprocal
adjustment between a society and its biophysical environment arose
from the work of Frey (1960), Geertz (1963), Krader (1970), Kates
(1971), DuBos (1978) and others. These authors argue that the
relationship between culture and society is reciprocal; neither
controls the other but each is produced and maintained by interacting
with the other (Krader 1970).

Oone of the first reciprocal adjustment theories, Stewardian
cultural ecology, attempts to determine the extent to which similar
cultural adaptations occur in similar environments. Steward viewed
environment as limiting but not determining human behavior and was not
concerned with other aspects of feedback such as the impact of
technology on the natural environment or on the human environment
(Young 1991). The cultural ecosystem model (Geertz 1963), also was
among the earlier reciprocal adjustment theories. Geertz's model is
essentially a biological and physical science-based systems model that
sees human activities as either upsetting or maintaining natural

phenomena, or creating new balanced environments. Geertz (op. cit.)
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viewed culture and environment as interdependent and the system as a
whole was always tending toward a state of equilibrium. According to
Bennett (1976), one of the major drawbacks of Steward’s and Geertz'’s
models is that they do not include "the crucial role of human choice
(and therefore error)” in their approaches.

Bennett (1976, 1981) introduced the concept of socio-natural
systems as a way of referring to the complex interactions between
society and nature, including the variable of human choice. He
defines socio-natural systems as those systems in which humans
individually and collectively interact with other organisms and the
physical environment of the ecosystem. Interactions also include
those with other socio-natural ecosystems. Bennett uses the term
human systems ecology or simply human ecology to refer to the study of
these systems and adaptive dynamics as the conceptual framework for
pursuing understanding of these systems.

Since the introduction of Bennett’s adaptive dynamics model,
others from both biological and social science disciplines have also
begun to advocate more of a systems approach in studying society-
environment interactions (see Smith and Reeves 1989, Bonnicksen 1991).
For production systems where trees are (or have been) an integral part
of the system, Lovelace (1984a) argues that what is needed is a
broader human ecological perspective which would allow planners,
researchers and program implementors to see and conceptualize how
human and ecosystem interactions are related, and how their efforts
(individual or collective) might contribute to a greater understanding
of the system as a whole. According to Lovelace (op. cit.), the
advantages of a systems approach to human ecology are that it: (i)
provides for an inter-disciplinary approach; (ii) emphasizes that
rural societies do not relate to trees in terms of a separate
ecological category, but as part of a larger environmental system;
(1iii) focusses attention on the interactions and consequences of

interactions between components of the system(s); and (iv), provides
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considerable flexibility in the types of situations which might be
examined.

Rambo (1984), drawing on Bennett'’s model proposes a "systems
model of human ecology” whose primary concern is with the integrated
scientific study between two semi-autonomous subsystems, the natural
ecosystem and the human social system. It is this model which
provides the conceptual framework for the study as it appears to meet
all of the stated assumptions: (i) it uses a systems approach; (ii)
it views resources as being finite; (iii) it views the ecosystem as
being dynamic and not static; and (iv) it reflects human choice (and
the eventual management of that choice) as a fundamental variable
system evolution.

Figure 1.1 provides an interpretation of Rambo’s conceptual
model applied to the A. albida system in the Sahel. The natural
ecosystem is thus composed of a complex of bio-physical factors such
as soil, rainfall, radiation, other vegetation, etc., all of which
interact with each other. The human social system similarly consists
of a number of interacting components, such as knowledge, attitudes,
skills, aspirations, economics, and culture, drawn from the socio-
economic and cultural realm.

The two sub-systems are connected through exchanges of energy,
material and information and Rambo’s definitions apply. Energy is
considered to be the ability to work. Material flows refers to the
transfer of chemical and physical elements between subsystems.
Information flows are cues from one subsystem to another which signal
current conditions for particular responses and kinds of interaction
by the other subsystems. Relationships between the two systems are
dialectical--an on-going process of adaptation (or mal-adaptation),

selection and co-evolution (Lovelace 1984a). Inputs from other
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subsystems, natural as well as social, occur and create perturbations
to which the A. albida human ecological system must adjust.

1.3 Supporting literature in the context of the A. albida human
ecological systems framework

Rambo's conceptualization of the relationship between society
and environment provides the framework not only for the actual study
but for a literature review of some of the internal and external
factors which might affect decline, maintenance and/or expansion of
the A. albida system. However, in reading the following review, two
points need to be kept in mind. First, every attempt was made to use
Senegal/NCPB-specific information and data whenever possible.

However, for certain variables, site-specific information was not
available and the principal investigator was obliged to draw on the
more relatively abundant literature from the Sahel.

Second, classifying a particular variable as internal or
external or as part of the ecosystem or social system is in itself
subject to considerable discussion. For example, one might argue that
a farmer's decision to place a particular field in fallow is internal;
based on an analysis of the ecosystem, the farmer makes a socio-
economic decision to give the field a "rest". Others might argue that
a farmer’'s decision to place a field in fallow is a result of input
from external social systems (e.g., agriculture policy, lack of
inputs, etc.). More than likely, however, a farmer’s decision to
place a field in fallow is based on both internal and external
information. 1In this context, the objective of the literature review
and subsequent study is NOT to "measure" the amount of information (or
material or energy) exchanged between system components but to
ascertain the impact and relative importance of the information (or
material or energy) on the A. albida system.

1.3.1 The A. albida ecosystem: a combination of internal and
@xternal factors

1.3.1.1 Climate, rainfall and drought
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The climate of the Peanut Basin is tropical semi-arid, with high
temperatures and a pronounced separation of wet and dry seasons.
There is one rainy season, occurring approximately between May and
October. Rainfall advances from, and retreats to the south; thus
rainfall amounts and the length of the rainy season decrease from
south to north. Average annual rainfall varies from 400mm in the
north with a two and one-half month rainy season to nearly 1000mm in
the south with a six-month season. As is common with most areas of
the Sahel, the primary characteristic of the rainfall is its
variability both between and within seasons; recurrent and periodic
drought is the major impediment to agricultural production. Over the
last twenty years there has been an isohyetal shift south of about
200mm from the long-term average with the net result that the rains
begin later and the season is shorter with these effects increasing
toward the north (Rodale 1989).

Temperatures are high, increase from south to north and
generally show a bimodal distribution with the highest temperatures
occurring just before and just after the rainy season. These high
temperatures result in high evapotranspiration rates and rapid
desiccation of the soils, particularly those low in organic matter
content and clay. The uneven distribution of rainfall within a season
can result in times where evapotranspiration exceeds soil storage
capacity and crop failure is a frequent occurrence even in good
rainfall years.
1.3.1.1.1 The impact of climate

Climatic change has been blamed for many, if not most of the
Problems in the sahel including decline of A. albida in the NCPB. In
short, a continuing problem confronting the maintenance of the A.
albida system in the NCPB is recurrent and unpredictable drought.
While no data are available for Senegal, it is estimated that 40% of
the sahel’'s A. albida trees perished in the great drought of 1968-1973
(Wentling 1983). Moreover, drought also affected tree cover through
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its effect on annual and perennial forage grasses. In the absence of
grasses, herders were obliged to make greater use of tree browse
through lopping and felling in order to keep their animals alive.

Some argue that the crowns of A. albida were so severely pruned during
the 1970's drought that soil fertility was adversely affected in some
areas (Louppe 1989).

However, an attempt to understand drought’s effect on the A.
albida ecosystem needs to go beyond an investigation of internal
climatological phenomena (which obviously affect regeneration rates as
well as tree growth and survival), and address what Berry et al.
(1980) refer to as the reasons for the failure of Sahelian social
systems to adapt to drought as they have done in the past.

Berry et al. (op. cit.) argue that traditionally, Sahelian
societies had taken a defensive attitude toward cultivation;
"safequards against drought played a prominent role in their decisions
as to land use practices”. One of the best safeguards against drought
in the Sahel was the A. albida system. But Berry et al. go on to
argue that the change in traditional risk-averting social patterns!!
led to a decline in the use of risk averting adaptations. 1In short,
while drought no doubt contributes to the physical decline of the A.
albida system, the effects of drought may be exacerbated by a change
in attitude towards cultivation among Sahelian agriculturalists from a
defensive one to one that focusses on "high risk and low productive”
endeavors (IDRC 1979, LeHouerou 1980).
1.3.1.2 Cash crops

As the above discussion indicates, the introduction of cash
crops may have changed the traditionally adaptive social patterns of

the Sahelian agriculturalists to what might be considered maladaptive

llpye, according to Berry et al. to: the French colonial
administration’s emphasis on cash crops; the introduction of taxation;
the transformation of the Sahelian zone from the "center to the
periphery”; and farmers perceptions of the opportunities to be had in
a market economy.
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patterns, particularly in the face of poor rainfall years and
recurrent drought. The shift from ecologically sound practices such
as the use of A. albida, to forms of modern industrial agriculture may
also have its attendant ecological costs (Dahlberg 1974). As Margalef
(1968) writes:

Exploitation of crops means a simplification of the

ecosystem in comparison to pre-agricultural stages. The

exploited ecosystem is composed of a lower number of

species and also has a lower number of biological

types....The structure of the soil is simplified and the

diversity of soil microorganisms and animals decreases.

The importance of the cycle of nutrients outside the

bodies of organisms is amplified. Yearly rhythms become

more stressed, not only for the cultivated species, but

also for species associated with culture such as weeds or

pests. The latter are biologically more similar to

cultivated species in natural ecosystems. They increase

rapidly in numbers, disperse easily and their populations

are subjected to strong fluctuations and can be

reconstructed after heavy losses. Outbreaks are

characteristic of systems of low species diversity.

The introduction of cash crops in the Sahel such as cotton and
ground nuts has also been accompanied by new cultivation practices!?
which rely heavily on imported inputs such as fertilizer and
pesticides in order to obtain high yields. The environmental dangers
of replacing high yielding traditional production systems with ones
that depend on costly imported inputs are all too evident as Margalef
points out above. From an energy viewpoint, while the agricultural
yields per unit area might be higher with industrial agriculture than
with traditional systems, the return on the additional energy
investment!? required for industrial systems might be quite small -
the actual conversion of solar energy in both types of systems may
remain the same (Holliman 1974). In any event, the "bottom line" in

Senegal and elsewhere in the Sahel is that "modern” agriculture has

121ncluding increased use of animal traction which is often cited
as a prime culprit in the decline of A. albida natural regeneration.
According to Ndiaye (1989) the majority of NCPB farmers do not take
the time to plow around seedlings.

13this is particularly true when the energy input (e.g.,
fertilizer) is valued at its real cost and not subsidized.
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not, as yet, contributed significantly to increasing agriculture
yields.

1.3.1.3 8Soils

1.3.1.3.1 Soil types!t

The soils of the Peanut Basin are fairly homogenous and reflect
the strong zonal influence of climate and a largely uniform parent
material. 1In general, the Peanut Basin consists of a monotonous,
gently undulating sandy plain occupied by deep sandy soils of low
natural fertility. The apparent monotony is increased by the loss of
the natural vegetation cover, and the conversion of almost all these
soils to agriculture which leaves the ground bare for most of the
year.

The dominant soils in the study area are known as diorl® soils.
These soils occupy most of the Peanut Basin from Louga to Kaolack. The
primary variation from north to south in these soils is an increase in
organic matter content (a function of rainfall and biomass) and,
allegedly, a topsoil texture of finer sand, perhaps due to greater
wind erosion in the north (Rodale 1989).

Dior soils show little variation in characteristics either
spatially or in terms of depth. Horizon development in the profile is
weak. The soil is deep (> 1 m and /or deeper) and color is
predominantly brown, varying from yellowish brown to reddish yellow,
with little variation below the topsoil. The soils are typically
structureless or have a very weak subangular blocky structure. As a
function of this weak structure, bulk densities are generally high and
total pofosity low; the low porosity is generally acknowledged to

restrict root development. When dry, these soils tend to harden due

l4the following general description of the four major soil types
(locally known as dior, deck, deck-dior and dior noir) draws from
Charreau (1974), Aurora Associates (1982), Beye (1977), Stancioff
(1986) and Rodale (1989).

15known in the French taxonomic system as "sols ferrugineux
tropicaux non or peu lessivé", and in the U.S. system as
Ustipsamments.
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to laterisation and form a continuous crust which occasionally
promotes runoff and inhibits seedling emergence. 8oil hardness makes
deep tillage with horse drawn equipment in the dry season extremely
difficult.

Textures of dior soils are sandy or loamy sand; clay content is
typically less than 5% throughout the profile. There are few
weatherable minerals and the clay is primarily of the weakly reactive
Kaolinitic type. Organic matter content is typically less than 18%.
The combination of texture, clay type, mineral composition and very
low organic matter content provides for a soil of very low natural
fertility and moisture holding capacity. Total cation exchange
capacity (CEC) is typically less than 3 me/100g with a base saturation
of less than 50%. The natural fertility is tied up in the shallow
topsoil layer through which nutrients are recycled- released from
decaying organic matter, absorbed by the vegetation and returned as
litterfall and dead roots. The soils are naturally acidic, with a pH
in the range of 4.5 to 6.0.

In the south central portion of the study area, the sands
overlie a dissected plateau of sandstone intermittently capped by
laterite. On the plateau remnants, soils are typically moderately
deep to shallow over laterite; erosion has reduced the depth and
laterite exposures are fairly common. On the side slopes and in
valley bottoms, soils are again deep. There is a greater variety of
soils here but the dominant soils are locally known as "deckl®".

. These soils are deep and sandy, and are differentiated from dior soils
by their slightly higher clay and organic matter contents and
associated higher CEcC.

The third type of soil found in the study are what are referred

to as deck-dior soils. The differentiating factor is the amount of

1éknown in the French taxonomy as "sols ferrugineux tropicaux peu
lessivés” and in the U.S. system as Alfisols.
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clay in the soil; deck-dior soils have a slightly higher clay content
than dior soils but not as high as a true deck soil.

The remaining soil type in the study area are the heavier soils
which are usually found in clay depressions ("bassins” or "bas fonds"
in French and "khors” in Wolof) and in and along old water courses.
They are known locally as "dior noirl’". Dior noir soils are thought
to be formed by the lateral translocation of clays from the
surrounding dior soils (Rodale 1989). Their evolution is dominated by
the action of excess water through seasonal fluctuations in the water
table; horizons of these soils have alternating phases of oxidation
and reduction which in turn determine the precipitation/
solubilization of iron and manganese. As a result, these elements
often appear as spots in the horizons. Organic matter and clay
content are relatively high (3-4% and 8-12% respectively) but are also
influenced by water table fluctuations. The texture of these soils is
generally sandy and the A horizon can often exceed 40 cm in thickness.
While relatively fertile because of a high CEC, they are generally
difficult to work because of the high clay content. As a result,
where the water table is fairly close to the surface, their only
agricultural use is for dry season vegetable gardening (cultures
maraichdres) and fruit trees. Their pH generally ranges between 5 and
6.
1.3.1.3.2 8o0il management in the NCPB

In all three of the major NCPB soil types, organic matter plays
a critical role in terms of soil fertility and crop yields. The soils
are composed primarily of sand which are considered to be nearly
chemically inert (Rodale 1989). The clay content of the soils is not
only low but kaolinitic in nature and therefore only weakly reactive.
As a result, the structure and productivity of the soil are almost

entirely dependent on organic matter content.

17known in the French system as "sols hydromorphes moyennement ou
Peu humiféres” " and in the U.S. system as Vertisols.
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Traditionally, farmers in the NCPB used one or a combination of
four methods of incorporating organic matter into the soil. The first
of these, animal manure, was usually reserved for continuously cropped
fields (usually millet) in the immediate vicinity of a village (toll
keur). Household refuse and animal manure were used to maintain soil
fertility. Animals grazed on outlying fallow fields during the day
but were kept in a village or on a toll keur at night (parcage!®).
S8ince the removal of fertilizer subsidies in 1985 resulting in the
general decline in the use of fertilizer among NCPB farmers (Kelly
1988), many farmers are reportedly extending the toll keur practice to
more outlying fields although transport costs and reportedly fewer
animals remain a critical factor in wider use of animal manure (Rodale
1989, Grosenick et al. 1990).

The second method NCPB farmers used was a wooded fallow soil
management system. Outlying fields were left in fallow for a period
of five to seven years which was sufficient time for the woody
vegetation to re-establish itself. Clearing of a wooded fallow began
by girdling the trees one year and then in subsequent year(s) burning
the resulting brush. The advantage of the wooded fallow system was
that it was minimally disruptive to the soil and provided a means of
recycling nutrients from lower soil horizons. Additionally, because a
wooded fallow produces extensive, large roots as well as large woody
surface materials, it took a number of crop years to extract the
nutrients accumulated by the fallow (Grosenick et al. 1990).

However, the use of a wooded fallow system in the NCPB has
essentially collapsed due to increased population pressure and the

increasing use of animal traction (Rodale 1989). Fallow now is

18parcage refers to the practice of stationing animals on a
particular field for a certain length of time so that the field
receives the benefit of the manure. Animals used may belong to the
owner of the field or an arrangement can be made with another
individual (e.g., a Peul herder) to exchange crop residues and browse
on the field for parcage.
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usually a result of lack of inputs!? and is limited to a period of
only one or two years (Freeman 1982) which permits only the
establishment of grasses. However, as Grosenick et al. (1990) point
out, a grass fallow leaves most of the land unprotected most of the
time and is not effective for recycling nutrients from deep soil
horizons.

In addition to having an impact on soil productivity, reduction
of the fallow period also has an impact on the natural regeneration of
trees and shrubs which potentially have many economic benefits
(fuelwood, medicines, forage, etc.). Fallow lands are also considered
for the most part to be common lands and many disadvantaged groups
(women and children) help support their families from these areas
through the collection, use and or sale of many primary and secondary
tree products. It is not known how reduction of the fallow period
might affect these groups.

The third method that NCPB farmers have at their disposition for
adding organic matter is the incorporation of crop residues into the
soil. The benefits of incorporating residues include improvement of
soil porosity and water infiltration, reduced wind erosion, assurance
of seedbed preparation and plant emergence, improved rooting and weed
control (Nicou and Charreau 1979). 1In spite of these benefits, few
farmers in the NCPB use this method as benefits obtained from selling
crop residues, particularly peanut hay for forage, appear to outweigh
the benefits gained from incorporating crop residues into the soil
(Abt Associates 1985, Rodale 1989, Grosenick et al. 1990). The common
practice in the NCPB is to rake into piles and burn the few remaining

crop residues and surface trash left on the fields prior to plowing.

1%colan (1989) refers to this as "unplanned” fallow. In a study
of two villages in the PB Golan found that out of 108 fields left in
fallow, 76 were fallow due to lack of seeds or labor, 6 because they
were too far from the compound or were of exceptionally low quality.
The ratio of unplanned to planned fallow in Golan’s study was on the
order of three to one.
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While this practice does allow rapid availability of some mineral
nutrients, it does reduce overall carbon/organic matter levels.

The fourth method available to NCPB farmers is the use of A.
albida and other on-farm field trees. Dancette and Poulain (1969)
found that outside of A. albida cover, the content of mineral colloids
plays the determining role in cation exchange capacity (CEC). Under
A. albida, however, they found that the higher level of organic matter
content enables organic matter to play a role at least as important as
mineral colloids if not more so. They found that while CEC increases
only slightly under A. albida (from 2.70 to 2.97), this increase
translates into considerably higher levels of exchangeable cations-
up to a 42% increase in the case of calcium. Available nitrogen
increases under A. albida by 0.1% which according to Dancette and
Poulain (op. cit.) is equivalent to the addition of 650 kg of urea per
hectare.
1.3.1.3.3. 8oil microbial activity

Soil microbiology in the Peanut Basin was studied by Jung (1970)
who provided baseline studies of seasonal changes in soil microbial
populations in dior soils. His study concluded that during the dry
season, biological activity in the soil is severely limited by stress
from low moisture. With the first heavy rains, there is a rapid
increase in soil microbial activity and a concurrent flush of OM
decomposition during which declines in soil N, P and pH occur due to
intensive leaching. Jung concluded that severe dry season moisture
stress limits the soil’s biota from efficiently trapping nutrients and
making them available to crops over the course of the growing season.
However, soils under A. albida typically showed significant
improvement of soil moisture retention, microbial activity?? and
nutrient retention capacity regardless of the season. This suggests

that the A. albida rhizosphere provides a dry season refuge for soil

203ung (1966) reports a two- to five-fold increase in microbial
activity under A. albida vs. soils without tree cover.
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biological activity by immobilizing nutrients against leaching losses
and enabling their gradual release for plant growth.
1.3.1.3.4 Radiation

There may also be a link between climate, soil degradation and
loss of A. albida cover in the NCPB. Chase (1986) suggests that
drought may trigger soil degradation under human and animal pressure
wvhich in turn leads to further drought due to reduced plant
evapotranspiration and increased albedo. He describes a possible
scenario for the Sahel:

The degeneration of Sahelian forests may be a self-feeding

process. Soils that become encrusted exhibit higher rates of

runoff and remain drier that non-crusted soils. Dry soils have

a lower specific heat than moist soils and, therefore, become

hotter than moist soils with similar inputs of solar radiation.

This increases temperature which, in turn, decreases relative

humidity. The combined result is that hot, drier air from the

barren areas passes through the remaining vegetation, increasing
the vapor pressure deficit which would accelerate the rate of
removal of the soil moisture from these areas. This could
accelerate the desiccation and death of trees and other plants
during dry periods.

1.3.1.4 Vegetation

1.3.1.4.1 MNatural vegetation?!

The vegetation landscape in the NCPB has undergone a complete
transformation since the late 1800's when the cultivation of peanuts
was first introduced. Today, an anthropogenic tree or "park" savanna
covers this densely populated agricultural area. Nearly 200 years of
clearing the land and intensive cultivation have left few traces of
natural woodland. It is difficult to reconstruct the previous
physiognomy and composition, since eaven the more wooded areas found
today are not relics of the original communities. The present
formation and composition can be attributed almost entirely to human
activity (Rodale 1989).

At the turn of the century, a pseudo-climax woodland

characterized the area and was dominated by Combretum glutinosum, with

2lphe description of the vegetation in the NCPB/study area draws
from Rodale (1989), Stancioff (1986), Giffard (1974) and Pelissier
(1966) as well as the biophysical inventory.
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scattered Anogeissus leiocarpus, Cordyla pinnata, Khaya senegalensis,
Bombax costatum, Pterocarpus erinaceus and Sterculia setigera. To a
certain extent, it resembled the present communities found in the east
in the "new lands" of the departments of Kaffrine and Tambacounda.
While many of these species have already disappeared or are slowly
disappearing from the NCPB, a number of typically Sahelian and
sudanian specimens still survive as individuals in fields and
villages, or in clay depressions.

Giffard (1974) reports that the pseudo-climax vegetation which
had characterized the Peanut Basin in the early 1800’'s had disappeared
by 1974 due to human activity, primarily overcultivation, uncontrolled
bushfires and fire and fuelwood harvesting. Giffard goes on to report
that only the departments of Mbour, Tivaouane, Fatick and Gossas had
any remnants of the original forest type but this was limited to only
about 2500ha. S8ince 1974, even these small areas have all but
disappeared and now the only type of semi-open canopy type of forest
cover found in the NCPB are small stands of Acacia seyal in clay
depressions. However, even many of these stands are now being cleared
for dry season vegetable gardens (cultures maraichéres).

Now, the characteristic tree and sole dominant of the region is
A. albida constituting a near monoculture in some areas. However, the
species did not belong to the original woodland, but is associated
with all the old agrarian civilizations of the Sahel and parts of the
Sudan and Ethiopia. Common associates of A. albida in the northern
part of the NCPB or Sahelo-Sudanian zone include Balanites aegyptiaca,
Acacia raddiana, Zizyphus mauritiana, Piliostigma reticulatum and
Tamarindus indica. Farther south toward the Sudanian zone common
associates are Anogeissus leiocarpus, Diospyros mespiliformis, Ficus
gnaphalocarpa, Pterocarpus erinaceus, and Acacia seyal, Prosopis
africana and Mitragyna inermis in depressions. Adansonia digitata
(baobab) is found throughout. Guiera senegalensis, a small Sudano-
Sahelian shrub which quickly invades the exhausted sandy soils of
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fallow fields, predominates the shrub stratum in the north while
Combretum glutinosum is the shrub species found more in the southern
portion of the study area.

Fallow and abandoned fields have been invaded by a heterogenous
mix of Sahelian and Sudanian herbaceous species. The dominants,
Bragrostis tremula and Cenchrus biflorus, are sought out by ruminants.
Other common associates are Aristada adscensionis and Schzachyrium
exile. Two ubiquitous invaders are Mitracarpus scaber and Cassia
obtusifolia (formerly Cassia tora). These forbs are rarely grazed and
grow on the most infertile soils. Other common forbs are Hibiscus
asper, Corchorus tridens, Alyssicarpus ovalifolius and Leptadenia
hastata. During the rainy season, the landscape undergoes a striking
transformation. The lush, continuous herbaceous cover often exceeds
80 cm in height during years of average or above average rainfall.

The average height of the tree stratum in the northern portion
is 6-8 meters with crown cover ranging between one and five percent.
Tree height, cover and species diversity increase from north to south
in the study area. However, the transition from the Sahelian to the
Sudanian vegetation associations in the Peanut Basin is gradual,
almost imperceptible. Nevertheless, characteristics of the Sudanian
vegetation become more evident as one progresses from the northern to
the southern part of the study area. Increasing rainfall, decreasing
cover of Quaternary sand deposits and shallower water tables moderate
the dry season and prolong the vegetative cycle beyond the last rains.
1.3.1.4.2 Exotic species

While no empirical evidence exists for this hypothesis, the
introduction of exotic tree species such as Eucalyptus spp. in
Sahelian farming systems may also have an impact on the decline of the
A. albida system and other indigenous species. The question of the
use of Eucalyptus spp. in the Sahel is one that arocuses strong
feelings both for and against (Poore and Fries 1985). Proponents see

the species as a wonder tree which can bring immediate solutions to
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local wood and erosion problems. Opponents see the species as causing
adverse impacts on soil (impoverishment and encouraging erosion) and
on hydrology (drying up of aquifers). While the impact of this
species and other exotics in Sahelian ecosystems is unknown, it is
clear that the Bucalyptus spp. species planted accelerate soil
erosion, are allelopathic, compete vigorously with ground vegetation
and crops when water is in short supply, and consume more water and
regulate flow less than natural ecosystems (op cit.).

In spite of these problems, the use of Eucalyptus spp. and other
exotics in Sahelian farming systems is becoming more apparent and may
in fact, be displacing A. albida and other indigenous trees. The
reasons for this might be attributed to both internal and external
factors. Externally, most Sahelian governments have concentrated
their forestry research and development efforts on exotic species such
as Bucalyptus spp. for fuelwood and poles, and on cash crop species
such as Anacardium occidentale (cashew nut) and Acacia senegal (gum
arabic), to the almost total neglect of indigenous trees present in
traditional farming systems??. Internally, given the Sahel'’'s wood
crisis, wood has gone from essentially a "free good” to a cash crop
(Arnold 1984). Given Eucalyptus spp. fast growth rates, farmers may
in fact prefer it to the more slower growing A. albida?3.
Additionally, in much of the Sahel, eucalypts are grown and marketed
by men for poles rather than fuelwood, raising serious gender issues
as regards appropriateness of the species in addressing what is

essentially a women’s fuelwood crisis.

22por example, only 5% of Senegal’s forestry research budget is
devoted to research on agroforestry systems and indigenous species
with the majority of the remaining 95% going to cashew nut, eucalyptus
and gum arabic research (ISRA/DRPF 1987).

23Note that considerable genetic improvement of Eucalyptus spp.
has been done in the Sahel with substantial increases in growth rates
provided the proper species/provenance is matched with site. To the
author’s knowledge, however, there has not been a similar program for
A. albida.
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Finally, from an ecosystem perspective, periodic drought may
also have an effect on many of the exotics planted in the NCPB.
Exotics may be planted outside of their normal range of tolerance
during above average rainfall years and are therefore first to suffer
in drought years.
1.3.1.5 Livestock

In analyzing the Peanut Basin'’'s agricultural potential, one
tends to underestimate the growing importance of livestock. During
the first two decades of independence, the number of cattle in the PB
nearly doubled while the number of sheep and goats nearly quadrupled
(Abt Associates 1985). While individual livestock holdings were
greatly reduced during the drought, livestock numbers appear to be on
the rise. The Centre Suivi Ecologique (Marks 1990) estimates dry

season animal densities in the Peanut Basin as follows:

Table 1.2
Animal Densities by Department

(Animals per square kilometer)

Department Cattle Sheep/ Horses
Goats
Bambey 15.5 33.7 5.0
Diourbel 32.2 43.5 3.5
Mbacké 24.7 24.9 na
Mbour 21.6 17.3 na
Tivaouane 7.2 20.5 2.3
Fatick 33.6 23.9 3.5
Gossas 27.9 25.6 2.2
Thids na na 4.0

Source: Marks (1990).
na = data not available.

With the exception of the departments of Tivaouane and Bambey,
dry season animal densities are higher in the Peanut Basin than in
what is thought of as the more traditional animal grazing areas of
Lingudre and other more northern departments (Faye et al. 1989).

Unfortunately, it is not known what percentage of these animals are



35

held permanently in the Peanut Basin. However, it is clear that such
animal densities place a burden on a limited dry season forage and
fodder supply. In fact in Mbour, Abt Associates (1985) report that
during the 1983-84 cropping season, crop residues became a more
lucrative source of income than the crops themselves. Farmers planted
peanuts closer together than the norm in order to get more hay even
though they knew that the weight of the nuts would decline.

Traditionally, the two main sources of cattle in the PB have
been the Peul herders in the north and the Serer who have long
integrated livestock and agriculture in their production systems.
Among the Wolof, however, animal husbandry and agriculture have always
been divorced (Pelissier 1966). This pattern appears to have changed
in recent years as wealthier Wolof farmers and marabouts (Islamic
religious leaders) have been investing in both cattle herds and in
animal fattening activities (Abt Associates 1985).
1.3.1.5.1 Impact of livestock on A. albida

The effect of livestock on the A. albida system also needs to be
examined from both an internal and external perspective. Internally,
the cultivation of export crops has provided Sahelian farmers with a
new source of income which was invested in the "highly valued”
traditional manner by acquiring livestock. Livestock not only
represents the farmers major asset but also effects his social and
cultural status (Wentling 1983). Increasing livestock numbers along
with improved animal health services and more numerous water points
further imbalance traditional production systems resulting in further
degradation of natural forage resources, especially on-farm browse
species such as A. albida. Unfortunately, as Wentling (op. cit.)
points out, A. albida is often one of the only sources of feed
available in the dry season with adequate nutritional content to
satisfy the minimal maintenance requirements of the farmer’s ruminant

animals.
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Externally, the inputs of other subsystems, particularly the
traditional pastoralists need to be considered. Swift (1977a) points
out that traditional Sahelian pastoral herding strategy was to
maximize herd size without regard to immediate environmental
consequences. He goes on to add that actual impact on fho environment
was probably slight as there was a fluctuating relationship between
pastures and herds with ecological checks and balances such as
§rought, animal disease and pasture shortages keeping grazing pressure
within bounds. However, the introduction of new water points and
improved animal health services resulted in an increase in pastoral
livestock numbers and dry season overgrazing is now spread over much
larger areas. The net result has been increased pastoral encroachment
on the A. albida system, particularly during the dry season.
Pastoralists often lop off branches of A. albida in the dry season or
bend them to the ground so the animals might more easily browse. This
can lead to reduced growth rates, increased susceptibility to bush
fires, and occasionally tree death.

1.3.2 The A. albida social system: a combination of internal and
external factors

1.3.2.1 Population

Senegal’s population has more than doubled over the last 20
years and the Peanut Basin has felt the brunt of an annual population
growth rate of over 2.8%. Population densities in the Peanut Basin
are among the highest in Senegal varying between 50 and 100
inhabitants per square kilometer in the departments of Kébémer, Thieés,
Mbour, Fatick and Diourbel to over 100 inhabitants per square
kilometer in the departments of North Fatick, Bambey and Tivaouane
(Kone 1986).

While the majority of the population in the Peanut Basin is
rural, there is nevertheless a relatively high concentration of urban
areas; four of Senegal’s 10 regional administrative centers are
located there (Thids, Diourbel, PFatick and Kaolack) along with 12
departmental centers (Kebémer, Tivaouane, Thids, Mbour, Fatick,
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Gossas, Kaolack, Nioro~du-Rip. Kaffrine, Mbacké, Diourbel, and
Bambey). The important trading center of Méckhé and the Mouride
Islamic center of Touba-Mbacké are also located in the Peanut Basin.
Three of these towns have populations greater than 50,000
(Kaolack, Thiés and Diourbel), two have populations between 20,000 and
50,000 (Mbacké and Mbour), while four (Fatick, Kaffrine, Touba and
Méckhé) have populations of between 10,000 and 20,000. The remaining
towns have populations of under 10,000 habitants (Jeune Afrique 1983).

This high concentration of urban areas, unique to the Peanut
Basin, is due primarily to the introduction of peanuts and resulting
infrastructure and communications development including a good paved
road system and a railroad. However, if the concentration of towns and
infrastructure facilitates communications and transport, it also has
an impact on the ecological and socio-economic environment of the
rural areas; the urban populations require both food and something
with which to cook it, primarily wood.

Conventional wisdom would indicate that population growth is
perhaps the biggest factor in the decline of the A. albida system.
Proponents of the population factor argue that the demographic
pressure on the system has two facets; overcultivation and fuelwood
harvesting. Overcultivation/ agricultural expansion is perhaps the
biggest non-climatic factor causing loss of vegetation in the NCPB
(Rodale 1989). Overcultivation is caused by two principal factors;
(1) the increasing use of animal traction to cultivate larger surfaces
at the expense of fallow or previously uncultivated areas (e.g.,
forests); and (ii) insufficient land in villages to permit fallowing,
a consequence of both demographic pressure and the enlargement of the
area cropped. Both factors may have a direct bearing on the A. albida
system. Increased mechanization has been blamed for a reduction in
on-field regeneration of A. albida and other indigenous species;
farmers are reluctant (or do not take the time) to plow around

seedlings. The reduction in both use and length of fallow may also be
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implicated in reduced natural regeneration of A. albida and other
species.

Additionally, the primary energy source for the rural
inhabitants of the NCPB is fuelwood?‘. Freeman (1982) estimates that
per capita consumption of fuelwood in the PB at 0.6 cubic meters per
year. He also estimates that one fourth of rural fuelwood supplies
are coming from the remaining forests in the Sine Saloum while three
fourths are coming from other areas, mainly trees in the agricultural
landscape such as A. albida, shrubs cleared from fields (Gueira
senegalensis and Combretum spp.), and from non-woody sources such as
crop residues (millet stalks) and manure. If the population pressure
continues as expected, the growing pressure on on-farm A. albida
resources (particularly from urban markets) may raise their value to
the point at which economic pressure to cut them may exceed their
value as a continuing part of the agricultural system. While the
population growth scenario is rather bleak in its implications for
woody vegetation in the NCPB, there may be another possible scenario.
Boserup (1965) argues that as population increases, there is an
intensification of agriculture with increased labor investment in
production and increased attention to soil fertility?S.
1.3.2.2 Culture, cropping and production systems

Production systems in the Peanut Basin have undergone radical
changes with the implementation, two decades ago, of rural
modernization. This modernization was achieved to a major extent by

the introduction of peanuts as a cash crop (and resulting

24rhe use of the term fuelwood here refers to both firewood and
charcoal.

25partlett (1980) provides a concise review of the literature on
this aspect which suggests a close relationship between population
density, household access to land resources and the intensity of
agricultural production. However, Boserup’'s (1965) sequential
argument for agricultural development or adaptation, while perhaps
valid for the historical development of traditional agroforestry
systems, does not shed much light on why these traditional systems
might be declining today.
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infrastructure development) and the resulting rapid monetarization of
the economy. This modernization process combined with a fairly
homogenous biophysical environment has resulted in the development of
fairly uniform cropping systems throughout the study area. Peanuts
continue to provide the main cash crop while millet, sorghum, cowpeas
(niébé) and cassava are the major food crops with cassava becoming an
important secondary cash crop in the northern areas of the Peanut
Basin (Rodale 1989).

The following is a brief description of a typical cropping
system in the NCPB. Land surrounding a village is divided into
individual plots on which crops may or may not be rotated depending on
the distance from the field to the village. Fields near the
households or compounds (toll keur) are usually not subject to
rotation but are continuously planted with cereals, particularly
millet. They are generally able to sustain production (and a certain
degree of food security) under normal rainfall conditions as they
receive the vast majority of organic matter (animal manure and
household litter) produced by a compound. Outlying fields receive far
less household organic matter and traditionally, a millet-peanut
rotation occasionally combined with cowpeas (intercropped or late
overseeding with millet) is used along with A. albida, a 2-3 year
grass fallow, the burning of crop residues and occasional parcage in
order to maintain soil fertility. However, according to most GOS
authorities, the use of A. albida, planned fallow and parcage have all
declined in recent years?¢. Additionally, the use of mineral

fertilizer has essentially ceased in the study area since the

26yhile the apparent decline in the use of traditional methods to
maintain soil fertility, particularly A. albida, will be discussed in
greater detail in subsequent chapters, as previously stated, the
primary reasons cited for the decline in the use of planned fallow is:
(1) the increasing use of animal traction to cultivate larger surfaces
at the expense of fallow; and (ii) insufficient land in villages to
permit fallowing, a consequence of both demographic pressure and the
enlargement of the area cropped (Rodale 1989). The use of parcage is
thought to have decreased as a result of the reduction in animal
populations following the 1970’s drought.
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inception of the New Agricultural Policy in 1984 which ended
fertilizer subsidies and cheap credit for agriculture inputs (Kelly
1988).

In spite of the NCPB's relatively homogenous biophysical
environment and cropping systems, it varies considerably in terms of
demographic pressure and ethnic composition. As a result, farming or
production systems (as opposed to cropping systems) in the Peanut
Basin are generally differentiated by the region’s two major ethnic
groups; the Wolof, with their relatively lower population
concentration and more extensive production system, and the Serer,
with their higher population concentration and more intensive
production systenm.

In order to understand the differences between these systems
some historical perspective is needed. As Stomal-Weigel (1988)
observes, throughout their history, the Wolof have been perceived as a
society which is politically very structured with a very evident
social hierarchy but lacking any sort of agricultural traditions. As
Pelissier (1966) writes of the Wolof,

Oorganisation politique et hiérarchisation sociale sont restées

étrangéres pour ne pas dire hostiles au développement

d’institutions agraires dont on ne trouve aucune trace ni méme

aucune amorce en pays wolof (p. 110).

The Serer, on the other hand, have been perceived throughout
their history as a fundamentally egalitarian society with strong
agricultural traditions. Stomal-Weigel (1988) writes that the Serer

apparaissent comme une société véritablement paysanne aux

techniques agricoles trés perfectionnés dont l‘originalité du
systéme de production traditionnel s'exprimait par la place

dominante du mil ainsi que par l’integration de l’'élevage i

l’agriculture (pp. 21-22).

The A. albida tree, as Swift (1977b) observed, was also an
integral part of the Serer production system, with Serer farmers
"carefully” selecting A. albida and other trees for retention in

fields in order to provide organic matter to the soil and thus

increases the yield and protein composition of millet. 1In fact,
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Felker (1978), citing Pelissier?’ (1967), reports that in Serer
(Senegal) language, "yaram-sas” - to raise an A. albida, is used in
the same general context as "yaram o ndiay"” which means to raise a
child.

Differences between Wolof and Serer production systems became
even more pronounced with the spread of Islam?® among the Wolof
combined with the introduction of peanuts as a cash crop. The Wolof,
looking for new sources of political power following the disappearance
of the centralized monarchies converted "en masse” to Islam while the
Serer attempted to preserve their egalitarian society (Gastellu 1981).
Taking advantage of the new market economy, Mouride "taalibés"”
(disciples), incited by their "marabout"”™ (quranic teacher/religious
leader) quickly expanded peanut production?? by putting more land
into peanut cultivation and by clearing new lands usually at the
expense of maintaining soil fertility. Peanuts progressively replaced
food crops (millet and sorghum) as the dominant factor in Wolof
production systems (Stomal-Weigel 1988).

The Serer, by maintaining their egalitarian economy, were able
to insert peanuts in their traditional production systems without
disrupting their social organization or the ecological benefits

derived from their traditional system. Priority was always accorded

27pelissier (1967) provides, perhaps, the most in-depth
information of the cultural aspects of the A. albida system in Serer
agriculture in Senegal.

28there are three main Islamic brotherhoods in Senegal: the
Khadria located in the Moyenne Casamance and composed primarily of the
Mandingo ethnic group; the Tidjanes with their center in Tivouane and
composed of mainly Toucouleur but with also, about one half of the
Wolof population; and the Mourides with their center in Touba-Mbacké
and with a practically all Wolof ethnic composition (Jeune Afrique
1983). In terms of agriculture and peanut production in the Peanut
Basin, the Mourides exert a much greater influence than the Tidjanes.
Oof the 120 large-scale landholdings in the Peanut Basin, over 100
belong to the Mouride marabouts (Colvin 1983).

2%9gome estimates place Mouride (disciples and marabouts) peanut
production as high as 75% of total production in 1957-58. More
recently, the large-scale Mouride landholdings account for only 5-6%
of production but the marabouts’ influence in agriculture in the
Peanut Basin remains strong (Colvin 1983).
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to food production (millet) and soil productivity was maintained by
integrating peanuts into the traditional millet-fallow/manure rotation
(Gastellu 1981). The net result was that by the early 1960's, the
intensive Serer system was capable of maintaining a significantly
higher population density than the more extensive Wolof production
system.

In 1965, the GOS began its "Programme Agricole” (Agricultural
Program) period. The main objective of the Programme Agricole was to
increase peanut production and yields by introducing new techniques
(improved seed, line seeding, animal traction and mineral fertilizer)
and to provide cheap credit in order to facilitate farmer adoption of
these new techniques. During the 20 year period of the Programme
Agricole, differences between Wolof and Serer production systems
became less pronounced. In a study comparing the evolution of
production systems in a Serer and Wolof village, Stomal-Weigel (1988)
found that the Programme Agricole caused profound changes in both
systems which resulted in reduced yields, reduced crop diversity,
increased mechanization and a continuous cropping system (reduced
fallow) brought about by increased mechanization.

The effects of the GOS’'s agriculture modernization program were
more pronounced in the Wolof village than in the Serer village (op
cit.). Inhabitants of the Serer village were more concerned with
maintaining soil fertility and increasing manual labor productivity
which caused them to retain certain elements of their traditional
system. In particular, while there was considerable substitution of
chemical fertilizer for manure in both systems, Serer farmers
continued to maintain A. albida trees while the majority of A. albida
trees on the Wolof farms died3®. Additionally, in the Serer village,

increased mechanization had not compromised certain cultural

30rhe cause of death was not specified.
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techniques (manual weeding of emerging millet) as it had done in the
Wolof village.

With support from the World Bank, the GOS began its agricultural
sector reform (structural adjustment) program in 1980. This reform
culminated in the development of Senegal’s Nouvelle Politique Agricole
in 1984 and state disengagement from the agricultural sector began.

An emphasis was placed on privatization and subsidies on agricultural
inputs (particularly fertilizer) were reduced and eventually
eliminated in 1988. Price and marketing controls on cereal grains
(except rice) were also eliminated. This structural adjustment
program appears to have had a profound effect on both Wolof and Serer
production systems and will be discussed in detail in subsequent
chapters.

Thus, in the NCPB, cultural differences between the Wolof and
Serer may be an important factor in the use of the A. albida system.
As Lovelace (1984) observes, "the recognition that traditional beliefs
contain potentially vast quantities of empirical data related to
environmental phenomena, process and historic change carries with it
the implication that these traditional systems of knowledge can
provide information useful to the planning and process of
development”. Unfortunately, information on the cultural aspects of
the A. albida system has been limited mainly to dated ethnographic
descriptions (Pageard 19713, Pelissier 1967, Pelissier 1979) and
anecdotal information (Felker 1978, LeHouerou 197932),
1.3.2.3 Knowledge, Attitudes, 8kills and Aspirations (KASA)

As Coughenour (1984) points out, "although farmers'’ perceptions

of environmental resources for agricultural production are shaped by

3lpageard (1971) describes sacrifices of chickens and millet made
to A. albida trees and divine rules promulgated by priests to protect
the tree.

321 eHouerou (1979) observes that in some areas of the Sahel, A.
albida is the object of "spiritual beliefs and animistic ceremonies”
due to its importance and the way it "works against the will of God"
via its reverse leaf growing cycle.
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the technologies provided by society, the perceptions are also shaped
by farmers’ goals, interests, capital positions and technical skills".
He goes on to point out that neither farmers’ perceptions of resources
nor the relevant importance of these factors in shaping resource
perceptions is well known.

The situation is no different for the A. albida system. While
an understanding of farmers’ "KASA" is critical in relating their
perceptions of the A. albida system vis a vis the environment, little
information is available on the KASA of the various social systems
which incorporate the species into their farming practices.
Comparative studies of the systems KASA have been limited to anecdotal
types of reports and informal farmer interviews33. To this writer’s
knowledge, no systematic attempt has been made to equate the presence
of on-farm A. albida trees with the KASA or other socio-economic
aspects of the social system. However, as Coughenour (1984)
concludes, "unless the farmer perceives farm resources as exhaustible
or nonrenewable, and important to performance of the instrumental
system or the long term adaptive strategies of his farm, the
incentives to engage in resource conserving practices are limited".
1.3.2.4 Economics
1.3.2.4.1 PFinancial returns to the use of A. albida

In spite of the importance of the A. albida system in the Sahel,
very little work has been done on its financial aspects.
Christopherson (1988), in conducting an analysis of various natural
resource management interventions for the Sahel, ranked natural
regeneration of A. albida fourteenth out of a total of eighteen
activities in terms of a financial or farmer perspective. He
attributed this low ranking to the assumption that farmers would be
required to protect seedlings for the first 3-4 years using individual
fences (high labor costs) and the fact that significant benefits from

33gee, for example, Felker (1978).
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the trees do not begin to "flow" until the trees are well established,
often up to 10 years3. Christopherson goes on to arque that the
extension of the A. albida system needs to be accompanied by other
interventions that generate more immediate returns.

Christopherson’s analysis, however, appears faulty from several
aspects. First, it is generally recognized that A. albida can
withstand significant grazing pressure more often resulting in
decreased growth rates rather than death, although this relationship
remains to be quantified. Thus, alternative measures to control animal
browsing need to be considered in the analysis33.

Second, Christopherson uses net present value to rank the
interventions. However, as Gittinger (1982) points out, "no ranking
of acceptable alternative independent projects is possible with the
net present worth criterion because it is an absolute, not a relative
measure”. According to Gittinger, only the net benefit-investment
ratio can be used to rank independent activities.

Finally, Christopherson adds a risk factor to the discount rate
in his analyses in order to take into account Sahelian farmers risk
averse nature. However, as Todaro (1977) points out, risk-averse
farmers more likely prefer a technology of food production which
combines a low mean per hectare yield with a low variance (i.e., less
fluctuations around the average) to alternative technologies and crops
which may promise a higher mean yield but also present the risk of a
greater variance. Adding a risk premium to the discount rate does not

take into account this variance.

347his would again appear to support the call for an A. albida
tree improvement program.

35Live fencing appears to hold considerable promise for
controlling browsing in Senegal while providing additional economic
benefits of increased fuelwood and fodder supplies as well as
increased crop yields through reduction of wind erosion and
evapotranspiration (Seyler 1988).
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Finally, the returns to use of A. albida need to be examined in
light of changing forestry and agricultural policy and markets in
Senegal and elsewhere in the Sahel. For example, did the removal of
fertilizer subsidies in Senegal in 1984 have an impact on the use of
more traditional systems of maintaining soil fertility; particularly
has there been an increase in the use of A. albida as a substitute for
inorganic fertilizer?
1.3.2.4.2 Crop yields

With the collapse of the wooded-fallow soil management system,
the limited use of animal manure combined with little, if any
incorporation of crop residues into the soil, and very limited
inorganic fertilizer use, one would expect to see a decline in crop
yields in the NCPB. 1Indeed, this is the common perception of many GOS
and donor officials. However, this does not appear to be the case.
Rodale (1989) presents data collected from Senegal’s Ministry of
Agriculture which shows that there has not been any significant long-
term decline in yields per unit area for millet, sorghum, or peanuts
from 1960 through 1988 at three locations in the Peanut Basin; Louga,
Diourbel and Sine-Saloum. Lericollais (1990) in a study of three
Serer villages in the PB concluded that after thirty years of
continuous cropping, there was no decline in per unit area yields. He
found that farmers were using shorter season varieties to compensate
for the drier weather and improved animal traction techniques to do a
better job with planting and cultivating.

Grosenick et al. (1990) attempt to find a reason for this
phenomenon. They argue that when the wooded-fallow system collapsed,
PB soils quickly degraded to a new equilibrium under continuous
cropping and that production levels at this new equilibrium have been
steady, albeit low, for years. However, it appears doubtful whether
any equilibrium could be maintained without the incorporation of some

organic matter in the soils. The question of where this organic
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matter is coming from is the subject of analyses presented in Chapter
3.
1.3.2.5 Institutions: Land and Tree Tenure

The importance of land and tree tenure in the promotion of
agroforestry initiatives has been well documented3®. where there is
no security of land and/or tree tenure, agroforestry systems are bound
to fail. However, most governments in the Sahel have prevented
individual ownership and management of trees by declaring them state
property (Taylor and Soumare 1984, Thompson 1983, Wentling 1983). For
example, under Senegal’'s current forest code, all trees belong to the
state and farmers must have permission from the local forestry
agent3’ to cut them (Seyler 1988). This discourages farmers from
providing the care and protection A. albida trees need to survive and
grow, while allowing nomadic pastoralists (and often friends,
relatives and neighbors) to exploit the trees more or less at will as
laws regarding harvest of trees are rarely enforced.

In some instances, lack of security of tree tenure has led to
the adoption of symbiotic relationships between sedentary
agriculturalists and nomads. For example, in northern Burkina Faso,
the author has observed situations where pastoralists will pass
through a farmer's fields (during the dry season) at night felling
trees and lopping branches for animal browse. In the morning, the
pastoralists will have departed the field well before the local
forestry agent might react. However, the farmer now benefits from the
nomads passage as he is now legally entitled to harvest the "dead”

wood left by the nomads.

3portmann and Riddell (1985) provide a world-wide annotated
bibliography on tree and tenure issues in agroforestry. Bruce and
Foxrt€tmann (1988) provide a detailed analysis of some of the more
imgproxtant issues in land and tree tenure.

37considered by most farmers to be a policeman rather than an
exteammsion agent.
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Thus, the link between tenure and state of the ecosystem must be
examined in the light of the mediating effect of the particular
agroforestry system and the economic use of the land. As economic
factors change, tenure patterns typically change with them (Bruce and
Fortmann 1988). An example from Senegal can help to illustrate this
point. As wood has become more commercialized in Senegal, the
government has drafted a new forest code which would provide some
transfer of responsibility for tree planting and harvesting from the
national to the local level or at least community level3®. However,

a hypothesis currently being formulated by some Senegalese and
expatriate foresters working in Senegal, is that wealthy and/or better
educated farmers are planting more trees (or protecting more natural
regeneration including A. albida) than poorer farmers in order to
position themselves for the day when tree establishment and tree
tenure may be equated with land tenure. This is consistent with
literature on the "tenure enhancing aspects of agroforestry" where a
farmer may be able to use tree tenure as a means of securing land
tenure?® (Millon 1955, Foster 1966, Bruce and Fortman 1988).

1.3.2.6 8Social Organiszation

Gearing (1958) observes that "human communities typically
rearrange themselves to accomplish various tasks”". Gearing developed
the "structural pose” concept to draw attention to the fact that
social structure of a human community is not a single set of roles and
organized groups but is rather a series of several sets of roles and

groups which "appear and disappear according top the roles at hand".

3%gowever, it is unclear at this time how the code will address
private/individual ownership of trees, either those physically planted
or those occuring via natural regeneration. As this revised code has
been before National Assemble for over two years, chances that it will
appear in its original form appear slim to most Senegalese forestry
of £icials (Seyler 1988).

391t is also consistent with the Sahel's past experience in
commmunity woodlot establishment. As Bruce and Fortmann (1988) point
out , "large number of trees may be planted on communal land for
hozzsse@hold or community subsistence use but once those trees take on a
Coszxamaemrcial value, private rights in that land tend to develop”.
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Evidence is accumulating that many Sahelian rural communities are
beginning to strike structural poses vis a vis their environment
through wider participation in decision making as well as through
participation in local organizations®® (Thompson 1983, United Nations
1984).

The importance of local organizations in community forestry
activities such as agroforestry has also been well documented?l.
Foley and Barnhard (1984) mention several reasons for involvement of
NGOs and voluntary organizations in agroforestry: (a) government
agencies are completely unsuited to running small-scale tree-growing
programs; (b) the flexibility, informality, and low cost approach of
NGOs are advantages in small-scale endeavors; and (c) NGOs can bridge
the gap between local communities and forest services, acting as an
important communication channel both upwards and downwards in the
political hierarchy.

While some Sahelian governments (Senegal in particular) have

encouraged the development of autonomous local organizationst?,

4OThere appears to be some controversy in the literature regarding
whether the development of social organizations is an adaptive process
or a result of competition or selection. Hannan and Freeman (1977)
review the literature on the subject and conclude that strong initial
pressure on organizational structure such as internal politics and
external environment (public legitimization of organizational
activities) require a model of organizational structure which depends
on competition and selection, i.e., population growth and carrying
capacity. Mialsen (1978) expands on Hannan and Freeman’s argument and
dev;lopl a "competition model of solidarity” to explain collective
action.

4l1glair and Olpadwala (1988) provide an excellent review of the
importance of rural institutions and local organizations in social
forestry projects.

42genegal, for example, has a number of autonomous farmer
organizations. The United Nations (1984) describes them as local
clubs with good voluntary work modes at village-specific sites. Their
goals are most often of direct benefit to the rural farmer through
ext ension activities and resource dissemination. Membership is
O lusively indigenous with limited outside intervention in the form
of financial or logistical support. These groups emphasize
traacditional and informal organizational structures which allow
Par-t jcipation of a wide variety of socially diverse people. Although
thame organizations appear voluntary, they most often appeal to
farmars through the financial incentive of increased productivity.
loca organizations also have a solid outreach potential to large
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others have not which may lend some credence to Hannan and Freeman'’s
argument (1977) that the development of social organizations is based
more on competition and selection than adaption. In any event, given
the solid outreach potential of these organizations3, they may be
one of the best vehicles for extension of the A. albida system. It
might even be postulated that in some areas, the number of on-farm A.
albida trees is directly related to a farmer’'s active membership in
local organizations.
1.3.3 External inputs from other social systems

While some biophysical and social inputs from pastoralist and
other external social systems have been discussed in preceding
sections, the role of Sahelian governments, as an external social
system, and how they might affect the maintenance/expansion or decline
of the A. albida system, deserves closer attention.
1.3.3.1 Research-Extension and Cash Crops

In discussing the links between agrarian subsystems and
industrial subsystems, Margalef (1968) argues that the latter:

experiences more predictable changes through time. 1In so

doing, it stores information better and is a more

efficient information channel. The first subsystem is

subject to a strong energy flow and in fact, the second

system feeds on the surplus of such energy. It is a basic

property of nature, from the view of cybernetics, that any

exchange of information content does not result in a

partition or equalizing of the information but increases

the difference. The system with more accumulated

information becomes still richer from the exchange.

If one considers the Sahelian governments and urban centers to

be "industrial" subsystems, then Margalef’'s analogy might explain how

Sahelian governments themselves may be contributing to the decline of

the A. albida system by focussing research and extension resources on

cash crops. It is generally recognized that for the medium term, the

huambers of otherwise inaccessible people.

43por example, the U.N. (1984) reports that the "Amicale des

Jeuxnqs Agriculteurs du Walo", a young farmers club in Senegal’s river

15

bas in area, has a membership of 13,000 and relations with nearly

s OQ0 farmers.
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primary concerns of many countries in sub-Saharan Africa are foreign
exchange and foreign debt (Timberlake 1985). Cash crops represent one
of the few mechanisms available to many countries to earn foreign
exchange. As George (1984) remarks, most developing countries "can't
even make the choice between food crops and cash crops”. As a result,
most research and extension budgets tend to reflect this commodity
focus. It is in this context that many agroforestry research and
development programs operate. Agroforestry remains detached from the
main agricultural research and extension stream both organizationally
and institutionally*‘.

The situation in the Sahel is no different. As Taylor and
Soumaré (1984) point out, most Sahelian governments emphasize the
importance of forestry in their overall strategies but allocate meager
resources to the forestry sector. An example from Senegal helps to
illustrate this point.

While paying considerable lip service to agroforestry research
and development (and to natural resource problems in general), GOS
budget allocations for forestry and agroforestry research indicate
otherwise. Table 1.3 shows projected GOS expenditures (as a relative
percent) on various divisions for Senegal’s Agriculture Research
Institute (ISRA) for the period 1989-1993.

Clearly, ISRA's Crop Production Department (DRPV) gets the
majority of resources. However, while the aim of the DRPV is to
conduct research on food crops leading to food self-sufficiency, a
closer examination of ISRA’'s proposed budget indicates that 50% of the

funds allotted to the DRPV support research on peanuts (oil for
eXxport), rice (primarily for the urban market), irrigated vegetable

cxops (for export) and cotton (for export). Similarly, of the meager

$4a1though this is now changing, particularly with ICRAF's entry
into the Consultative Group for International Agriculture Research
(CGIAR) system.
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Table 1.3

GOS Research Expenditures
(As percent of total budget)

Department %
Crop Production (DRPV) 33.1
Animal Production (DRSPA) 17.8
Forest Production (DRPF) 7.4
Fisheries Production (DRPH) 21.0
Agrarian Systems and Ag Economy (DSAEA) 20.7
TOTAL 100.0
Source: ISRA (1988)

funds allocated to the Forest Production Department (DRPF), over 60%
goes toward research on Acacia senegal (gqum arabic for export) and
Anacardium occidentale (cashew nuts, also an export crop) (ISRA/DRPF
1987). Only a very small percentage of ISRA’'s budget (in 1989, less
than 1%) goes toward research on the A. albida system.

Senegal’s national extension programs also tend to reflect this
commodity focus. Agriculture extension used to be carried out by the
Ministry of Rural Development’s Region Development Agencies, RDAs,
(SRDP--Société Régionale du Developpement) which were responsible for
rural development activities within a fixed agro-ecological zone.
While the RDA’s mandate included broad development objectives and
activities, their extension actions were generally focussed on a
particular commodity or group of commoditiess.

Senegal’s New Agricultural Policy, with its emphasis on
privatization, provided for drastic cuts in the size and scope of most

of Senegal’s RDAs. SODEVA underwent a 75% cut in personnel and

4Sror example, SAED, the Senegalese River Development Authority
focussed primarily on irrigated rice and vegetable crops for export.
SODEVA (the Peanut Basin’s Agriculture Development and Extension
Agency) concentrated its efforts on increasing peanut production.
SOMIVAC's (the Casamance Development Agency) primary focus was also on
the extension of improved rice varieties and cultural techniques.
Agroforestry activities (and natural resource activities in general)
were low priorities for these agencies unless support was provided by
bilateral projects.
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funding and is currently only active in very limited types of
activities (mainly cowpea and nematocide programs). Since 1987, the
World Bank has been working with the GOS8 to design and implement a
program intended to reform and energize government extension services
based on the use of the Training and Visitation (T&V) methodology.

The pilot program (Programme Pilote d’'Amélioration des Services
d’Appui aux Agriculteurs--PAGRI) was followed by the Programme
Nationale de Vulgarisation Agricole (PNVA) which began in 1990. The
PNVA intends to cover 60% of Senegal’s rural population in a period of
four years.

As the PNVA is just beginning, it is difficult to predict the
effect it will have on Senegal’s current extension situation. Not the
least of its problems will be the issue of sustainability of an
extension system which is donor driven and supported. In terms of
natural resource activities, however, problems with the T&V system are
already more apparent. To date, there is no clear picture of how
agroforestry and other natural resource activities will be integrated
into the T&V calendar. As agroforestry involves both crops and trees,
Senegal’'s Ministry of Nature Protection’s Directorate of Soil
Conservation and Reforestation (MPN/DCSR) also has an agroforestry
extension mandate but the relationship between DCSR and the PNVA has
yet to be defined. Moreover, as Freudenberger (1988) reports, the
biggest percentage of MPN/DCSR’s extension budget goes towards tree
cash crops--the cashew nut and gum arabic programs.

Another problem is that as Eicher and Baker (1982) observe, most
sub-Saharan African extension services (including T&V) "are oriented
towards technical problems and pay little attention to farm management
issues or to the social constraints faced by the rural household”.

However, farm management and social constraints are critical issues in
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the maintenance and extension of the A. albida system‘S.
Additionally, as Hoskins (1987) points out, T&V based extension
approaches are not tailored to include consideration of the special
legal status of trees vis a vis other crops, the different time
horizons of annuals and perennials as well as the ever changing
availability of tree and tree products.

Additionally, T&V is based on what is referred to as a "non-
developmental technical assistance approach” to extension. This
approach is defined by Batten (1975) as an approach where the agency
decides whatever it thinks people need or ought to do or ought to
value for their own good. The agency will then provide whatever staff,
equipment, premises and programs it thinks are needed to meet what it
perceives as the needs or interests of the people. In short, T&V's
top-down and product-oriented approach is not generally suited for the
"bottom-up” emphasis required for agroforestry research and
development. As a last point, while it is generally recognized that
agroforestry programs need to build on and preserve indigenous skills
and knowledge rather than causing their extinction (Brokensha et al.
1980), Sahelian government attitudes toward the A. albida system may
also be contributing to its decline. For example, Ruddle and
Rondinelli (1983) argue that the main problem preventing popular
participation in rural development occurs both locally (the social
subsystem) and within central government bureaucracies. At the local
level, they argue that national extension agents consider traditional
resource systems to be inefficient, maladaptive and unsophisticated

and thus need to be replaced by "modern” systems. At the central

46Given the relatively poor performance of national extension
agencies in dealing with natural resource problems, non-governmental
organizations (NGOs) are becoming increasingly important in the
Sahel’s natural resource sector (United Nations n.d.). An interesting
hypothesis might be that farmer contact with NGO extension services
enhances maintenance of the A. albida system while farmer contact with
"traditional” national extension agencies may be contributing to the
decline of the system.
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level, planners aim at a total replacement of the "time-honored”
resource system "without the planners understanding the system".
1.3.3.2 Projects vs. program support and incentives
1.3.3.2.1 The project approach

To date, the method of choice in dealing with natural resource
problems in the Sahel has been the use of a project approach. 1In
Senegal, there are no less than four bilateral and two PVO natural
resource-related projects currently operating in the NCPB. Bilateral
projects include: (i) the "Projet de Reboisement Communautaire dans
le Bassin Arachidier” (PRECOBA), supported by the Germans and based in
Fatick; (ii) the "Projet de Reboisement Villageois dans le Nord-ouest
du Bassin Arachidier (PRECOBA), supported by the Dutch and based in
Thiés; (iii) the Projet de Développement Agroforestier (PDA),
supported by FIDA and based in Diourbel; and (iv) the "Senegal
Reforestation Project”, supported by USAID and based in Dakar‘’: Ppvo
projects include: (i) Foster Parents Plan International (FPPI)
forestry activities around Thiés; and (ii) "Cooperasione allo
Sviluppo dei Paesi Emergenti” (COSPE) forestry activities around
Diourbel.

Problems with a project approach to natural resources in the
Sahel have been well documented. Taylor and Soumaré (1983) provide an
excellent analysis of some of these problems. Among the more
"visible" problems are a lack of coordination and communication
between projects, competition for quality personnel between projects
and the proliferation of "primes" and other perks, and a "growing web"
of special conditions attached by the various funding organizations.
Other problems cited by Taylor and Soumaré (op. cit.) include a
failure to link research and training in projects, too short a
commitment/time-frame, too much focus on quantitative aspects

(unrealistic project assumptions and targets), and a general neglect

YIThe project has a national rather than a regional focus.
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of government absorptive capacity. The project approach in Senegal
has experienced many of these same difficulties. Additionally, there
appear to be four other concerns directly related to project
activities in the NCPB.

First, projects such as PREVINOBA, Foster Parents Plan and
PRECOBA assume that "sensibilisation" (or increasing farmer awareness
of environmental problems/solutions) is the key to improved natural
resource management. However, evidence is accumulating which suggests
that when farmer livelihoods/existence are threatened by natural
resource degradation (or perhaps changes in policy), they may be more
willing to take action to reverse degradation and little
sensibilisation is needed. Conversely, it might also be argued that
when farmers are not "threatened”, they are not particularly
interested by messages which stress the importance of "doing something
now" to ensure a sustained yield of agriculture and forest products.
Thus a key element in the success of these projects may be their
ability to identify and work with individual or groups of farmers who
are threatened by their environment. Second, projects such as USAID's
Senegal Reforestation Project and FIDA’s Agroforestry Project in
Diourbel and Bambey assume that farmers lack resources for natural
resource management activities. Thus, FIDA provides nurseries,
fencing, materials and technical assistance, while USAID provides
matching grants ("co-investissement”) to farmers for undertaking
natural resource activities. However, preliminary research suggests
that when macro-economic and environmental conditions are such that
the farmer'’'s very existence is in jeopardy, sufficient resources
(including plant material via natural regeneration) and skills are
available at the village/farm level to undertake a number of natural
resource activities with little external input.

Third, project assistance may be creating a project mentality
among NCPB farmers. Even the most isolated farmer has heard of

projects in other villages such as village woodlots, wells, gardening,
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etc., and rightfully wants his or her share of the pie. However, the

risk is that with this approach, farmers may not equate projects with

development but with the resources (particularly money and employment)
that accompany them.

Finally, there is the issue of farmer participation in project
development. In the agroforestry research and development process,
farmer participation in its widest sense can be conceptualized between
two extremes. One extreme would be to "stimulate” local farmers to do
what "outsiders”™ have deemed to be in their best interest. 1In this
case, participation becomes a means of obtaining a set of pre-
determined objectives. At the other extreme, participation could be
viewed as assisting local people to better define their interests and
problems and to better allocate resources to address these self-
determined priorities. Thus, in this case, participation becomes a
way of supporting and instilling individual or group confidence and
facilitating the farmer’s (or the group’'s) own ability to mobilize his
(or their) own limited resources.

Project activities in the Sahel centered around A. albida have
typically found themselves between these two extremes‘®. Given the
nature of supporting organizations, project objectives and available
resources, effective project participation to the NCPB farmer is most
likely to mean:

- Enlisting his/her support in all phases of the agroforestry
diagnostic and design process, from project conception to
design, implementation, evaluation, and monitoring;

- Assisting him/her in identifying and mobilizing new and existing
resources to undertake recommendations resulting from the
diagnostic process;

- Development of institutional and/or individual awareness to
improve his/her future ability to evolve with and provide for a

sustainable income under increasing land pressure. Farmer
organization would be a critical part of this awareness.

4%1n addition to being extremes, they rarely occur in pure forms
and neither is inherently good or bad; the case specifics, economics,
and other socio-cultural factors must be brought into the equation.
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- Building on and preserving indigenous skills and knowledge
rather than causing their extinction.

However, in spite of the overwhelming evidence indicating the
need to involve farmers in both the planning and implementation phases
of a coonmunity development-type natural resources activities, some
projects are still designed in the relative comfort of Dakar with only
brief excursions to the countryside where the project will take place.
Crouch (1981) states that successful community development projects
are ones that "had their origins in the community or which embodied
community participation in planning and implementation and not those
planned and introduced by some external agency without consultation
and involvement of the community”". This involvement is critical in a.
albida projects in Senegal and elsewhere in the sahel in order for
farmers to become competent in and have the authority to operate
independent resource management systems. In short, the level of farmer
participation in the design and implementation of A. albida projects
is likely a key factor in the maintenance and extension of the A.
albida system.
1.3.3.2.2. A program approach

The economic incentives facing the Sahel’s rural populations are
major determinants of how natural resources are managed. Some of
these incentives relate directly to such conservation practices as
erosion control, tree planting and forest (natural and plantation)
management. Other incentives relate to crop mix, input use, expansion
of cultivated area and herd size, all of which can have a positive or
negative effect on the maintenance of the A. albida system. For
example, Shapiro (1988) argues that while low productivity per se is
often the cause of cultivation pressing into fragile lands causing
rapid loss of vegetative cover (including A. albida), there are
instances where the process may be enhanced by local laws and
policies. He cites the example of the Tahoua in northern Niger where

some farmers clear more land than they can harvest. Their "incentive”
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is the law that prescribes heavy fines for herders whose cattle
trample growing crops.

While a complete analysis of potential incentives*® as regards
the maintenance of the A. albida system is beyond the scope of this
study, it is clear that there must be national incentives for
sustaining beneficial traditional systems and that maintenance and
wider use of the A. albida system may derive from more general
economic policies than from polices focussed on the system itself. 1In
short, farmers may respond more to macro-economic and policy
conditions (a program approach), than a traditional project approach.
Thus, improving the agriculture and natural resource economic and
policy environment in the NCPB may be a more viable alternative in
reversing natural resource degradation than the project approach
currently supported by the GOS and many donors.

1.4 Organization of the dissertation

Drawing on the conceptual framework described above, the rest of
the dissertation is divided into nine chapters. Chapter 2 describes
the research problem, strategy and methodologies used to achieve
research objectives. Chapter 3 examines the contribution of A. albida
and other woody perennials to soils in the NCPB as well as an analysis
of farmer perception of soil problems and actions undertaken to

correct them. A historical review of dior soils analyses is also

49ghaikh et al. (1988) provide a detailed description of
“"successful” socio-economic and policy incentives which have been used
in the sahel to foster improved natural resource management. Socio-
economic incentives include: direct payments for tree planting or
protection; upgrading village infrastructure; free distribution of
seedlings, nursery equipment and extension advice; farmer visits to
model sites; long term non-governmental organization commitment;
food for work, extension supported diffusion; market incentives;
productivity sustaining incentives; reinforcement of local
ingtitutions, performance prizes and public awards and honors.

Policy incentives include: renegotiating multi-sector resource
management legislation; enlisting local values in natural resource
management; transferring tenure of planted trees to the planter;
increases in woodcutting permit fees; and permitting local
organizations to form non-governmental institutional structures.
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provided in order to shed some light on the degree of soil degradation
currently taking place in the NCPB.

Chapter 4 focusses on inputs from external social systems and
uses time series analysis to attempt to quantify the impact of
Senegal’'s changing agricultural policy on the A. albida system and the
use of other woody perennials. Chapter 5 examines other external
variables such as education, training, extension and the impact of
development projects on the system.

Chapter 6 looks at potential financial returns of the A. albida
system to NCPB farmers under various input/subsidy scenarios. Chapter
7 continues the internal focus and examines farmer perceptions of the
A. albida system, focusing on the evolution of tree cover, the role of
trees, communal and private tree planting, unexploited land, and the
role of associations and village groups. Chapter 7 also looks at the
influence of land and tree tenure on the system, and the potential
impact of Senegal’'s proposed new Forestry Code.

Chapter 8 examines the interaction between biophysical and
socio-economic variables, and uses the method of principal components
analysis to identify the sets of variables that have the most
significant impact on the use of the A. albida system and on A. albida
regeneration rates. Using some of the same variables as the principal
components analysis, Chapter 9 examines differences between the Wolof
and Serer production systems as they affect the role and use of A.
albida.

Chapter 10 summarizes the principal findings of Chapter 3
through 9, and discusses their implications for policy and program
guidelines. Appendices include, inter alia, survey questionnaires and
additional detail on the data and methods used, and on the statistical

and graphical results.



CHAPTER 2
RESEARCH PROBLEM AND METHODOLOGY

"People who write about methodology often forget that it

is a matter of strategy, not of morals. There are neither

good nor bad methods, but only methods that are more or

less effective under particular circumstances.”

G. C. Homans (1949)
2.1 Problem Statement

One of oldest "traditional"” agroforestry systems in sub-Saharan
Africa is the inter-cropping of the leguminous tree species Acacia
albida (known in Senegal as "cad” in Wolof or "njas” in Serer) with
millet or sorghum, often associated with a livestock component. While
the species itself extends across Africa’s Sahelo-Sudanian zone from
Senegal to Israel (Aloni 1972), and south to Namibia, the actual agro-
silvo-pastoral system is generally only practiced in the Sahel
(including the Sudan) and parts of Ethiopia and Malawi.

The A. albida system has many ecological and economic
advantages. The trees lose their leaves during the growing season so
there is no light or nutrient competition with crops (LeBrun 1975).

A. albida’'s abundant litterfall, its ability to fix atmospheric
nitrogen and recycle nutrients via its deep tap root provides Sahelian
farming systems with their major source of nutrients while helping to
maintain or increase soil organic matter content (Charreau and Vidal
1965, Radwanski and Wickens 1967, Charreau 1974). During the dry
season, the mosaic of trees makes an effective windbreak thus reducing
soil erosion (McGahuey and Kirmse 1977). Economically, it has been
determined that this system can increase millet yields by 30-50%
(Charreau and vidal 1965, Dancette and Poulain 1969, Felker 1978),
while providing an important source of on-farm fuelwood, poles and
fodder (Arnold 1984, Miehe 1986, Poschen 1986, Miehe 1988).

The above combination of factors has, in the past, constituted a
form of ecological equilibrium for much of Sahelian agriculture.

Swift (1977) and Pelissier (1966), Poncet (1977), Miehe (1986, 1988)
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and Poschen (1986) provide descriptions of this equilibrium or "steady
state” in traditional agriculture in Senegal, Niger, Sudan and
Ethiopia respectively.

In spite of the system’s potential and many advocates for an
expanded use of the system in the Sahel and other arid and semi-arid
areas (Catinot 1974, Dancette 1968, Fleury 1982, Wentling 1983,
Dancette and Sarr 1985), some preliminary studies have indicated that
the use of the A. albida in Sahelian farming systems is declining.
Limited research suggests that farmers in some areas of the Sahel are
no longer protecting natural regeneration due to increased demographic
pressure and the widespread use of animal traction and cash crops
(Wentling 1983, ISRA 1988, salle 1988). Research in other areas has
shown that farmers are actively protecting natural A. albida
regeneration implying that farmer socio-economic status, perception,
cultural practices and financial returns may play important roles in
the maintenance and or expansion of the system, or alternatively, its
decline (Ndiaye 1988a, 1988b). 1In short, many questions regarding the
A. albida-millet-livestock system need to be answered particularly as
regards constraints and incentives in its more widespread use.

Research conducted under this study was intended to answer, in
part, some of these questions for Senegal’s North Central Peanut
Basin%® (NCPB), in order to provide the Government of Senegal (GOS)
with better information for decision making purposes.

Research on the system was carried out from September 1989
through August 1990. Its primary purpose was to investigate certain
internal and external biophysical and socio-economic factors relating
to the decline, maintenance and/or expansion of the A. albida system
in the area. The key research question asked was whether the A.

albida social systems (internal and/or external) were driving the A.

501t is also expected that findings from this study will have some
appliiability to other areas of the Sahel where the system is
Practiced.
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albida ecological system or vice versa. In this context, additional
research questions included:

(1) What is the status of the system (declining, increasing or
static)? If the system is changing, what are the causes
of the change?

(ii) what do farmers know about the A. albida system and its
management? Are there any differences between ethnic and
other social groups in terms of knowledge and use of the
system?

(iii) what are the stated perceptions about cultivation, use,
preference, and management of tree resources (including A.
albida)? What actions, if any, are taken by people and
social groups to manage and/or protect tree resources?

(iv) What socio-economic and biophysical variables influence
system use and management, and what is the nature of the
relationships among these variables?

(v) Does the system need to be modified/adapted to reflect
current socio-economic and ecological conditions and
needs, and what actions might the Government of Senegal
undertake to promote a wider use of the system?

Addressing these questions and developing an understanding of
the use and management of the A. albida system and other tree
resources in the NCPB required the use of four primary research
methods: (i) an inter-disciplinary "rapid rural appraisal” (RRA) of
the Peanut Basin; (ii) a formal farm-level socio-economic survey;
(iii) a farm-level biophysical inventory of on-farm tree and soil
resources; and (iv) the use of focus group interviews/discussions.

The combination of an inventory of farmer biophysical resources
and a household level survey to collect system-related socio-economic
data allowed a determination of relationships that exist between
certain socio-economic variables (both internal and external) and the
decline/maintenance of the A. albida system.

An understanding of farmer perception and valuation of the A.
albida system in relationship to his/her goals, perceived needs and
expected benefits is considered critical in understanding wider system
maintenance and replication issues. While the socio-economic survey
instrument incorporates pertinent questions regarding farmer
knowledge, skills and aspirations, an assessment of farmer perception

of the A. albida system may be difficult to obtain through a single
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interview socio-economic survey. Therefore, field research also draws
considerably on focus group interviews to assess environmental
perception/social attitudes of different groups of residents of the
NCPB as both a complement and supplement to the more formal survey.

Additionally, throughout the course of the study, an attempt was
made to incorporate daily observations of farm life with informal
opportunistic discussions with residents of the NCPB. While the
principal investigator does not consider this to be "participant
observation" per se®!, it did afford the team the opportunity to
experience the daily routine of village and farm life, and helped in
general to learn first-hand some farmer techniques for natural
resource utilization and management.

This multi-method approach facilitated the collection of
different types of data and information which were considered
essential in achieving research goals and objectives. It also helped
overcome at least some of the problems inherent in cross-cultural
research. Although each of these methods was applied individually,
they were developed and used in an integrated and systematic manner
and the resulting data were analyzed both individually and col-
lectively.

2.2 Research Strategy and Tactics

This research sought two types of information: information
about the agroecosystem(s) in the NCPB and information about the
purpose or functional role of A. albida within the system(s). Odum
(1984) defines agroecosystems as domesticated ecosystems which fall
between "natural” ecosystems such as forests and grasslands, and

"fabricated” ecosystems such as cities. He further arques that the

51*obgervations” and "participation" were considerably more
informal and "opportunistic” and done over shorter time periods than
is required by "true" participant observation. Whyte (1977) describes
this latter as a research method where direct observations, asking
questions and listening are systematically blended together by the
researcher as he/she takes part in the life and actions of the people
he/she is studying.
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main differences between agroecosystems and natural ecosystems are:
(i) the use of auxiliary energy sources; (ii) reduced diversity due
to human management; (iii) the fact that the plant and animal species
are under artificial selection rather than natural selection; and
(iv), that the control in an agroecosystem is external and goal
oriented rather than via system feedback as in a natural ecosystem.

By definition then, the concept of an agroecosystem implies the
existence of a "user" or "manager” who exerts a controlling influence
on the system. As Altieri (1983) points out, the magnitude of
differences between natural and agroecosystems depends on the
intensity of management and the degree of disturbance of the
equilibrium of a particular system. He goes on to stress that an
agroecosystem responds to and reflects socio-economic pressures as
well as ecological constraints. However, as Raintree (1984) argues,
in the study of land use systems, there is a tendency to focus on the
environmental and biophysical parameters of the system to the neglect
of the socio-economic processes, constraints and interactions in the
system.

The nature of this research required an approach or strategy
which would not require an elaborate and separate treatment of
agroecosystem social factors but would rather seek to address these
aspects as an integral dimension of system organization along with the
biophysical factors. The strategy which appeared to best meet this
need is referred to by Lovelace (1984a) as a "human ecological systems

approach”". According to Lovelace, the advantages of such an approach
are that it: (i) is discipline neutral and interdisciplinary; (ii)
emphasizes that rural societies do not relate to trees in terms of a
separ-ate ecological category, but as part of a larger environmental
system; (iii) focusses attention on the interactions and consequences
of interactions between components of the system(s); and (iv),
Provides considerable flexibility in the types of situations which
might bhe examined.
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As the nature of the data and information collected draws from
both the natural and social sciences, the tactics used to achieve the
above strategy draw on a combination of: (i) scientific hypothesis
testing and subject-oriented research; and (ii) informant-oriented
research3?. The rationale behind the use of two different tactics is
twofold. PFirst, much research in both the natural and social sciences
is designed around the "received view," which, according to Agar
(1986) "centers on the systematic test of explicit hypotheses.” This
rigorous process has proven successful for many research problems,
especially those that emphasize scientific hypothesis testing. Thus,
it lends itself particularly well to hypotheses and questions
concerning biophysical data (e.g., the relationship between A. albida
and soil fertility) as well as the relationship between certain socio-
economic variables and biophysical variables (e.g., private tree
planting initiatives as a function of previous training in forestry).
Moreover, the principal investigator’s previous experience in the
study area via the rapid rural appraisal exercise mentioned above
Yielded a considerable amount of information on which to formulate
specific questions and research hypotheses.

However, for some socio-economic and cultural factors, subject-
oriented research and the formulation of specific hypotheses may prove
less satisfactory (Glaser and Strauss, 1967; Spradley, 1979; Agar,

1986; Turner, 1982). As Schatzman and Strauss (1973) write:

52gpradley (1979) provides some basic differences between subject-
oriented and informant-oriented research. He argues that social
science research that uses subjects usually has the specific goal of
testing hypotheses. He maintains that the investigator is not really
interested in discovering the cultural knowledge of the subjects but
only seeks to confirm or disconfirm a specific hypothesis by studying
the subjects’ responses. Informant-oriented research, on the
otherhand, seeks to discover this cultural knowledge by using
informants to gain an understanding of indigenous knowledge, concepts
and folk theory about a particular topic. As Spradley puts it, "work
vith subjects begine with preconceived ideas; work with informants
begins with naive ignorance".
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The automatic use of formally stated hypotheses, and

statements of "the problem” may make it easier to program

action, but it will also limit the kinds of experience

that [the researcher] will tolerate and deal with. 1In

original research there is less likely to be a conceptual

closure to inquiry, for as the work of discovery continues

and new kinds of data are conceptualized, new problems and

hypotheses quite naturally will emerge. (pp. 12-13)

Thus a more informant-oriented research approach was used to
obtain additional socio-economic and cultural information,
particularly for questions two and three above. Rather than
articulate these questions as formal hypotheses before going into the
field, aspects of these broad questions were gradually refined via RRA
and group discussions into more specific questions and hypotheses as
research and learning progressed. Additionally, other aspects of the
research methodology, specifically the socio-economic survey and
biophysical inventory also benefitted from this gradual development of
hypotheses and research questions.

2.2.1 Research Hypotheses

The following section presents the research hypotheses that were
ultimately formulated. These hypotheses were determined, to a great
extent, by the character and structure of the socio-economic survey
and biophysical inventory. Although most of the data used to test
these hypotheses came from these two instruments, information gathered
from the other research methods was also applied.

Two remarks regarding the research hypotheses are in order. The
first concerns their number. Many would argue that thirty hypotheses
violates one of the unwritten rules for dissertations--keep the number
of working hypotheses under ten. However, by consciously choosing a

Systems approach to the problem and examining all of the components of
the A. albida human ecological system (both biological/ecological and

socio-economic processes, constraints and interactions), the principal
inveltigator thought it necessary to at least state all pertinent
hypotheses. The ultimate goal in using a systems approach is to
strengthen the understanding of both the biological and socio-economic

components of the A. albida system in order to help GOS decision
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makers choose a better course of action through "discovery” of what
those better actions might be. This goal could not be achieved by
consciously limiting the number of hypotheses.

It should be kept in mind, however, that principal components
analysis will be used to reduce much of the data collected (the set of
explanatory variables) to a new and reduced set of independent
variables expressing the underlying similarities of the original
variables. As a result, many of the hypotheses noted below will be
eventually reduced, combined and/or reformulated in subsequent
chapters.

The second remark concerns the occasionally arbitrary (or
perhaps artificial) assignment of a hypothesis to a particular
subcomponent of the system. For example, one might argue that a
farmer’'s decision to place a particular field in fallow is internal.
Based on an analysis of the ecosystem, the farmer makes a socio-
economic decision to give the field a "rest”. Others might argue that
a farmer'’'s decision to place a field in fallow is a result of input
from external social systems (e.g., agriculture policy, lack of
inputs, etc.). More than likely, however, a farmer’s decision to
Place a field in fallow is based on both internal and external
information. 1In this context, the objective of the study is NOT to
"measure” the amount of information (or material or energy) exchanged

between system components but to ascertain the impact of the
information (or material or energy) on the A. albida system itself.
2.2. 1.1 BEypothesis set #1: inputs from other social systems

Inputs from external social systems will have an impact on the
A. albida system. These include, inter alia; frequency and type of
extension contact, previous agriculture and forestry training,
Presence or absence of national/local incentives, contact with
fOI'OItry/natural resource-related projects, degree of pastoral
encroachment, and changes in macro-economic policy (both forestry and

agricultural).
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There is a significant positive correlation between
the number of A. albida trees/tree density and
frequency and/or type of extension service contact.

There is a significant positive correlation between
the number of A. albida trees/tree density and
frequency/type of agriculture and/or forestry
training.

There is a significant positive correlation between
number of A. albida trees/tree density and locally
available incentives for tree planting.

There is a significant positive correlation between
number of A. albida trees/tree density and security
(perceived or real) of land/tree tenure.

There is a significant negative correlation between
number of A. albida trees/tree density and degree of
pastoral encroachment.

With regard to agricultural policy, the recent removal of

agricultural subsidies has had an impact on farm management decisions

over the past years including factors such as crop mix, amount of

landholding in fallow and relative proportion of income obtained off

farm. 1In turn, these factors are expected to have an impact on the A.

albida system.

(6) Hipys

(7) H(r):

(8) Hipy:

(9) H(r,z

(10) Hpyt

There is a significant negative correlation between
agricultural subsidies, particularly for fertiligzer,
and the number of A. albida trees/tree density.

There is a significant positive correlation between
the area of the landholding in fallow and the number
of A. albida trees/tree density.

There is a significant negative correlation between
the areas of landholding in cash crops (peanuts) and
the number of A. albida trees/tree density.

There is a significant negative correlation between
the relative proportion of income obtained off-farm
and the number of A. albida trees/tree density.

The financial returns in using A. albida in
maintaining soil fertility are comparable to the use
of unsubsidized fertilizer.

2.2.1.2 Hypothesis set #2: inputs from other ecosystems

Two major inputs from other ecosystems are considered. The

first jis the role of nomadic (Peular) livestock in A. albida

Propagation.

(11) Hiyys

Farmers who have benefitted from arrangements from
Peular herders for parcage have higher A. albida
regeneration rates than those who have not.
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The second input concerns the role of exotic tree species in
NCPB farming systems. Given the GOS's research and development
emphasis on exotic tree species, the introduction of exotics such as
Eucalyptus spp. and Acacia holosericea in NCPB farming systems may be
displacing the use of indigenous tree species such as A. albida.
Questions to ask are whether private exotic tree planting practices
are random, (i.e., are certain species cultivated in association with
different planting areas within a farming system), and are there
associations between the cultivation of different exotic tree species
with different cultivated crops?

(12) H,,: The cultivation of exotic trees (i.e., where they
are grown) on private land is not random.

(13) H,y: The number of exotic trees that are "planted” each
year per household has increased in recent years.

2.2.1.3 Hypothesis set #3: outputs to other social and ecosystems

The export of A. albida pods, wood and forage to other
social/eco- systems (in particular, urban areas) is expected to have
an impact on the sustainability of the system.

(14) H;): There is a significant negative correlation between
sale of A. albida pods and other products and
natural regeneration rate.

2.2.1.4 Hypothesis set #4: the A. albida social system
It is expected that size and quality of landholding, family
size, numbers of livestock/draft animals (fodder/forage demand),
access to common lands, population pressure, agronomic practices,
etc., will influence the cultivation and management of A. albida trees
on private land. Hypotheses include:

(15) H(yy: There is a significant positive correlation between
size of landholding and the number of A. albida
trees/tree density.

(16) H;: There is a significant positive correlation between
the quality/fertility of the landholding and the
number of A. albida trees.

(17) H;yt There is a significant positive correlation between
the number of household members and the number of A.
albida trees.

(18) H,,,¢t There is a significant negative correlation between
(r)
population pressure as measured by village
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population and the number of A. albida trees/trees
density.

(19) H,: There is a significant negative correlation between
farmer access to common lands and the number of A.
albida trees/tree density.

Farmer perception and knowledge of environmental problems as
well as farmer perception and knowledge of the A. albida system's
potential to address these problems suggests additional internal
hypotheses:

(20) Hp: There is a positive correlation between farmer
perceived need for "environmental action" and the
number of A. albida trees/tree density.

(21) Hy: There will be a difference between the domains of
knowledge of men and women regarding A. albida
cultivation and management.

(22) By There will be a difference in the perception of
benefits of the A. albida system between men and
women.

(23) Hipt There will be a difference between the domains of
knowledge of Wolof and Serer farmers regarding A.
albida cultivation and management.

(24) H;,: There will be a difference in the perception of
benefits of the A. albida system between Wolof and
Serer farmers.

(25) H;): Fields that have been consecutively cropped with
peanuts have a significantly lower A. albida
regeneration rate than fields where crop rotations
are practiced.

(26) H): Farmers who stall feed A. albida pods and
subsequently spread the resulting manure on field
have a significantly higher A. albida regeneration
rate on those fields.

(27) Hg): Fields on which farmers have practiced "parcage” in
the past two years have a significantly higher A.
albida regeneration rate than fields where parcage
was not practiced.
2.2.1.5 Hypothesis set #5: the A. albida ecosystem
From an internal ecosystem perspective, agronomic practices,
rainfall/water table depth, competition with other vegetation and soil
tyPe all appear to be major determinants of system maintenance and
viabiljty. Hypotheses include:
(28) H(r): There is a significant negative correlation between

water table depth and A. albida natural regeneration
rate.
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(29) H( ;2 Fields that have been in fallow for two or more
consecutive years have a significantly lower A.
albida regeneration rate.

(30) Hi): A albida natural regeneration rates and tree
densities are significantly higher on “"dior" soils
than on "deck", "deck-dior” or "khor" soils.

(31) B A albida makes its major contribution to soil
fertility in the NCPB through the provision of
organic matter deposited by litterfall.

2.2.2 Sampling procedure
2.2.2.1 8Study area delineation
Drawing on the vegetation analysis for Senegal conducted by
South Dakota State University (Stancioff et al. 1986) the study area
wvas delineated by identifying the ecological zones where A. albida is
the predominant component of the vegetation (i.e., either one, two or
three in terms of physical presence/numbers). The area thus defined
was then transferred to a 1:200,000 administrative map. The study
area covers about 2000 square kilometers and includes parts of the
administrative districts of Thiés, Diourbel, Fatick and Kaolack. The
location of the study area is provided in Figure 2.1.
2.2.2.2 village selection
Two approaches were considered in village/informant selection;
(i) a large sample of villages with fewer informants per village or
(ii) a smaller village sample with more informants per village (i.e.,
an in-depth study of one or two villages). Given the relatively large
study area, it was decided that the first approach best met the needs
of the study.

Moreover, based on the principal investigator'’s experience in

the MNCPB, there are large differences between villages within the

study area and even greater differences within villages when it comes

to farmer awareness of, and willingness to take action on natural
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resource problems. As a result, it is doubtful whether the findings
from a study of only one or two villages would be applicable or
relevant for other villages®3. A larger geographic focus also
permits the use some geographical analytical techniques (mapping
residuals from regression/principal components analysis) to determine
whether there may be sub-regional biophysical or socio-economic
differences in terms of presence or absence of A. albida. Given this
rationale as well as time and resource limitations, it was decided
that the study would include a total of 36 villages with two
informants selected per village.

Villages were chosen entirely at random using a stratified
sampling technique. Having delineated the study area per the above,
the area was then overlaid with 7cm X 7cm grids and random numbers
were used to determine the geographic coordinates of one point within
each grid/square. The village closest to this point was selected to
participate in the study. It should be noted that with the population
density in the Peanut Basin, villages selected were never more than
one kilometer from the randomly selected geographic coordinate. Using
this system, 36 villages and two alternates were identified. The
names of the villages and their relative location within the study
area are presented in Figure 2.2.
2.2.2.3 1Initial village visits

Initial visits were made to all 36 villages during October,
November and December 1989. The purpose of these visits was to: (i)
ascertain whether a particular village actually existed®!; (ii)
explain the purpose of the research and seek village and individual

farmer consent for the study; and (iii) obtain a general "feel"” for

53this hypothesis is supported by others conducting
research/studies in the North Central Peanut Basin, including Pim
Wisser (Wisser 1989) from the PREVINOBA project in Thiés, and André
Lericollais (Lericollais 1989) from ORSTOM.

54The administrative map used dates from 1978-79. Since this
time, some villages may have either disappeared or were relocated.
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the A. albida situation (from both a socio-economic and ecological
perspective) in a particular village/locale.

Ooral comnsent for the study was obtained from both the village
chief (as the GOS administrative representative), and by consensus
among farmers present in the village during the visit35. The consent
script for both village and informant participation in the study was
essentially the same.

Following the explanation of the study'’s purpose/requirements
via the consent script, a general discussion was held in each village
at which time issues were discussed in detail with the villagers and
any questions were answered. A tentative time period/schedule for the
study was also discussed. At this juncture, the village chief'’s
concurrence for participation in the study was sought along with the
concurrence of other members of the village who might be present. 1In
this manner, all 36 villages originally identified agreed to
participate in the study.

It should be noted that the initial village visits may have
contributed to survey leakage as the process did stimulate thought and
conversation about the survey in particular and natural resources in
general before the actual interviews. However, such losses in survey
quality were likely offset by gains brought about by informants being
more relaxed and less fearful during the actual study. This

introduction process, combined with the knowledge that village

55The standard procedure during the initial village visits was to
hold a meeting with the village chief and and those farmers (and
others) in the village who were present. Usually, 10-15 heads of
households plus 3 or 4 women participated in these meetings. While
not a true democratic process (as not all of the chefs de
carrés/exploitation from the village were present), it is believed
that the concurrence given by the chief and those farmers present was,
in most instances, representative of the entire village.
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leaders®¢ supported the study, hopefully contributed to the fidelity
of research results.
2.2.2.4 Major characteristics of villages

The village selection process described above yielded a wide
cross section of villages which captured at least part of the
diversity apparent in the NCPB. As Table 2.1 indicates, villages
ultimately selected for the study have considerable differences in
terms of population, number of concessions, water table depth, number
of years established and distances to administrative and social
services.
2.2.2.%5 Informant selection

As previously mentioned, two informants were selected per
village for a total of 72 households. Informant selection procedures
were adapted from procedures used by SODEVA. On arrival of the
research team in a village, another village meeting was held to once
again go over the consent script noted above. The rural tax list,
which includes all heads of households in the village (i.e., the basic
production units--chefs de carrés/concessions, chefs d’'exploitation
and chefs de ménage dépendent), was then obtained from the village
chief.

From this list, it was determined which heads of households were
actually present in the village and explained that with their
permission, the names of these individuals would be put on a piece of
paper and placed in a hat. Two names were then drawn from the hat and

these individuals would be selected to participate in the study (and

561t is not uncommon for local leaders of rural communities to be
distrusted by community residents. While difficult to substantiate,
we felt that the local leaders, particularly the village chiefs, were
generally well respected by the communities. There was only one
apparent exception to this observation. In one village, there was
both an administrative "chef” and a locally important religious leader
or "marabout”". As a result, there was considerable conflict between
the two leaders and members of the village had drawn lines in terms of
their support. Given this conflict, we chose not to conduct the study
in this village and an alternate village was selected.
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Table 2.1

Major Characteristics of Study Villages

Variable

Village population

No. carrés/village

Dist. near. market (km)
Dist. near. paved road (km)
Dist. near. SODEVA (km)
Dist. near. Eaux & For. (km)
Dist. near. CER (km)

Water table/well (m)
Village established (yrs)

3
4

w

ONNNNH-HOOMM

w

Source: Survey data.

to a certain extent, represent the village). All heads of households
were given the option of not placing their names in the hat but this
was never an issue; everyone wanted his/her name to be included.

once informants were selected in this fashion, the consent script was
again reviewed and oral permission was obtained individually from each
informant.

While it is believed that this procedure yielded a fairly
representative sample of farmers, it has some obvious shortcomings.
First, farmers from the NCPB frequently travel during the dry season
(the period in which the study took place) usually either for commerce
or religious purposes. 1In several villages, nearly 20% of the heads
of households were absent, some for the entire dry season®’. Thus,
the sample might be biased towards individuals who remain in the
village during the dry season for one reason or another (e.g., health,
age, off-farm employment opportunities, etc.).

A second shortcoming of the sample is that as the study'’s
purpose was primarily to examine land management decisions vis-a-vis
the use of the A. albida system, it included only those individuals

57aAs a general observation, we noted that villages which had other
means of making money during the dry season such as animal fattening
or vegetable gardening, tended to have a higher percentage of heads of
household present than villages who relied solely on rainfed
agriculture.
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who owned or had access to land. Thus, women and older children in
the household were not included in the "official"” survey sample.
However, other methods, particularly focus group discussions, were
used to obtain critical input from these individuals.

Finally, two very minor problems were noted in using this
sampling technique. 1In two villages, the village chief wanted to
select the farmers to participate in the survey. It appears as though
these chiefs, being concerned that this study would eventually bring a
"project” to the village (in spite of repeatedly stating that this
would not be the case), wanted the "best" farmers in the village to
participate. They were concerned that the random procedure might
select individuals who were not "representative” of what the village
was capable of doing. However, after explaining: (i) that the study
required both "good" and other types of farmers; (ii) the importance
of a random sample; and (iii) there would definitely be no "project”
after the study, both chiefs agreed and everybody’s names were put
into the hat.

The other minor problem was that there appears to be a certain
degree of prestige associated with participating in the study. 1In
three other villages, more farmers wanted to participate in the survey
than time and resources would permit. For the most part, these were
farmers who were particularly proud of their farms in terms of numbers
of A. albida, other species and/or tree planting/natural resource
activities. In two instances, the principal investigator was obliged
to conduct "mini" socio-economic surveys and biophysical inventories
with several farmers from these villages. While the data from these
surveys are not included in the sample or the analyses, this technique
succeeded in alleviating the tension between those who were eventually
selected to participate and those who were not.

Table 2.2 provides descriptive statistics on the 72 farmers
retained for the survey. As with the village selection process, it is

believed that the actual survey sample, while relatively small and
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with the caveats discussed above, contained a fairly good represen-
tation of the types of farms, farmers and socio-economic conditions
present in the NCPB5®. There is considerable variation in the sample
in terms of informant age, amount of off-farm income, age on becoming
chef and length of time as a chef, and total area farmed. Only the
number of households per concession is relatively uniform for the
sample.

In terms of ethnic groups, 39 of the informants are Wolof while
33 are Serer. This approximates the relative distribution of the two
major ethnic groups in the study area. 1In terms of their status as
heads of household, 50 (69.4%) informants were "chefs de concession”,
20 (27.8%) were "chefs d'exploitation” and 2 (2.8%) were "chefs de
ménage dépendent”®. What appears to be a disproportionately high
number of chefs de concession is due primarily to the fact Serer
farmers tend to establish their own independent household compounds on
becoming a "chef". As a result, the majority of Serer households in
the sample are single family units with only one head of household,

the chef de concession.

58There is considerable argument over the proper sample size for
studies such as this one. The only general agreement is that sample
size is more a function of time and resources than anything else
(Clark and Hosking 1986, Shaner et al. 1982). However, our sample
size of 72 farmers is not without some statistical validity. We
considered the key variable in the study to be the number of A. albida
trees per hectare per farm. Based on the RRA exercise and Ndiaye
(1989a), we found that there was considerable variation in the number
of trees per hectare and estimated the standard devaition to be + or -
40 trees/hectare and an error margin per farm of + or - ten trees.
With a confidence interval of 95% and a z value of 1.96, our estimate
of the minimum sample size required was n = (40*1.96/10)2 = 61.

59Golan (1990) provides a concise description of these classi-
fications. The "concession” or compound consists of one or more
households. The head of the compound (chef de concession) is
typically one male who has the "right of hatchet” (literally the right
to clear fields passed on from father to son) and his household.
Other households may also be in the compound and are headed by
brothers, sons or cousins of the household head. These secondary
households are broken into two categories; independent (chef
d’exploitation) and dependent (chef de ménage dépendent). According to
Golan, the primary distinction between these two types of households
is that independent households prepare their own meals and are
responsible for meeting their own millet needs.
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Table 2.2
Some Respondent Characteristics

Variable ) Max.

Age of respondent (yrs.) 86.0
Households/concession (no.) 5.0
Ooff farm income (fcfa/year) 200000.0

Age became chef (yrs.) 60.0
Time in village (yrs.) 73.0
Total farm area (ha) 24.8

Source: Survey data.

Table 2.3 indicates that the majority (52.8%) of informants
became a chef through the death of the existing chef, or by taking
over responsibilities from an older chef (22.2%). Only 12.5% of
informants asked to become a chef or became a chef on the proposition
of the existing chef (9.7%). cConflict does not appear to be a major
determinant in becoming a chef. Only two informants sought to become
a chef as a result of a conflict with the existing chef while none

reported conflicts with other individuals as a factor.

Table 2.3
How Informants Became Chef

(Number and Percent of Responses)

Method

Asked to become chef
Proposition of existing chef
Deceased chef

Take over for older chef
Cconflict with existing chef
Conflict w/someone in con.
Conflict w/someone else

Source: Survey data.

Family composition by age and by individual household is
provided in Table 2.4. Results suggest that there is considerable
variation between households in terms of numbers of adult men and
women and to a lesser extent, in terms of numbers of male and female

youth.
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Table 2.5 provides a summary of household composition by status
for all households in the sample. Approximately 92% of all household
adults were considered to be active. Note that the absence of
"navetanes” and "noranes” is not unexpected as these are primarily
seasonal (rainy season) workers®®. However, many informants and
other farmers from the study area reported that the use of noranes and

navetanes is becoming rare given problems in the agriculture sector.

Table 2.4
Household Composition
(Number of Family Members by Household)

Category

Adult men$!
Adult women$?
Male youth®3
Female youth
Male children
Female children

Source: Survey data.

¢ONavetanes are "hired" labor who work for a farmer in return for
the loan of seed and a parcel of land. Noranes are hired labor who
travel around the Peanut Basin providing supplemental labor as needed
usually during the rainy/cropping season. They are generally paid in
cash and given food and lodging for the duration of their contract.

¢1pdults have at least 15 years of age. Adult men include chefs
de concession, d’'exploitation, male heads of dependent and independent
households and sourgas (unmarried dependents) in the concession.

¢21ncludes married, unmarried and widowed women.

é3Youth are considered to be between 6 and 15 years old.
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Table 2.5
Sample Household Composition

Status No.

Chefs de concession 53
Chefs d’'exploitation 23
Navetanes (hired labor) 0

Chefs dependent households 9
Sourgas familiales (family labor) 78
Noranes (hired labor) 0
Married women 150
Unmarried women/widows 25

Source: Survey data.

One area where there appears to be considerable variation
between households is in livestock holdings. While the majority of
informants reported possessing both sheep and goats (58% and 56% of
informants respectively), and to a lesser extent cattle (29%) the
differences in numbers of livestock per household are quite high as
Table 2.6 indicates. This may, in fact, be the case, or is a
reflection of an informant’s hesitancy in accurately reporting actual
numbers of livestock®®. This issue will be discussed in greater
detail in the section on survey implementation.

A small fraction of the respondents are fattening cattle (7%)
and sheep (11%) to supplement their farm incomes, although the number
of animals fattened is relatively low. The principal investigator
feels relatively comfortable with the accuracy of these figures as the
team was usually able to see/count the animals in the compound as they
were all stall fed.

645 "touchy” question, particularly among the Serer, is asking how
many animals a farmer has. Farmers are generally hesitant to provide
exact numbers considering that numbers given to the local sous-
prefecture for tax purposes are usually below actual holdings.
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Table 2.6
Livestock Per Household

(Number of Animals)

Type Max.

Cows fattened 4
Other cows 40
Sheep fattened 2

Other sheep 27
Goats 16
Chickens 30

Source: Survey data.

There was considerably less variation in the sample with regard
to traction animals used. As Table 2.7 indicates, the most common
traction animal is the horse with an average of 1.25 horses per farm.
The second most common traction animal was the donkey with an average
of 0.64 animals per farm. Only two farmers in the sample had oxen but
did not own any of the heavier traction implements normally used with

oxen such as deep plows and polyculteurs.

Table 2.7
Traction Animals By Household
(Number of Animals)

Source: Survey data.

Finally, the distribution of tools and other agricultural
implements per household is also fairly uniform as Table 2.8
indicates.

2.3 Research methods
To accomplish the objectives of the study to address the above

hypotheses, a multi-method research approach, consisting of four
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Table 2.8
Tools And Equipment Per Household
(Number of Implements)

;

Seeders

Houes sine®>
Houes occidentalel®
Other cultivators
Araras!

Horse carts
Donkey carts

Ox carts

Plows
Polyculteurs®$
Bati ariana®’
Souleveuses!

NNNOOoOOHNNHWNMDW
[-N-N-N-¥-N-N-N-N-N-N-N-]

Source: Survey data.

distinct methods, was used to gather different, but related, types of
data and information. This approach helped overcome many of the
problems endemic to cross-cultural research. Perhaps more
importantly, it helped provide a more holistic view of the A. albida
human ecological system in Senegal’s North Central Peanut Basin. Each
of the research methods is discussed individually in the following
sections of this chapter. However, it should be emphasized that even
though each method was applied individually they were selected and
developed to function in an integrated fashion. Data and information

from each method provided important pieces to this research puzzle.

¢5Houe sine, houe occidentale and ariana are all generally
considered as cultivators. A houe sine is a cultivator with generally
one blade, either artisanal ("iler", local fabrication) or purchased
from a dealer. BHoue occidentale and ariana are multi-purpose
cultivators with more than one blade and can be used for various
tasks.

¢6Multi-purpose implements capable of plowing, cultivation,
seeding and harvest generally used with oxen traction.

¢7Souleveuses are peanut harvesters, while bati ariana is a
particular brand of harvester.



2.3.1 Rapid rural appraisal

Rapid appraisal has been defined by Grandstaff and Grandstaff
(1985) as any systematic activity designed to draw inferences,
conclusions, hypotheses, or assessments, including the acquisition of
new information, in a limited period of time. Rapid rural appraisal
focuses on the management of rural resources. While there is some
concern about the confidence that can be placed in the results of RRA
(Gibbs 1987) there is general agreement that RRA can be used to
improve the design and execution of any formal survey or more in depth
investigation that follows RRA (Beebe 1985).

As a precursor but integral part of this research, the principal
investigator participated in a interdisciplinary study of soil
degradation in the Peanut Basin in June 1989. This study, entitled
"Soil Degradation and Prospects for Sustainable Agriculture in the
Peanut Basin of Senegal” (Rodale 1989), was essentially a "rapid rural
appraisal” (RRA) of soil productivity constraints in the Peanut Basin
(PB) and the potential of "regenerative agriculture” to address these
constraints. A major focus of the study was the use of woody
perennials, particularly A. albida, in restoring or maintaining soil
fertility.

The study loosely followed the International Council for
Research on Agroforestry’s (ICRAF) Diagnostic and Design (D&D)
Methodology (ICRAF 1983a and 1983b) prediagnostic and diagnostic stage
guidelines. The prediagnostic stage consisted of (i) a background
description of the Peanut Basin including relevant aspects of both the
biophysical and socioceconomic environment; and (ii) a differentiation
of land use systems within the PB. The diagnostic stage included:

(i) a diagnostic survey of major land use systems in the PB and
relevant aspects of the environmental setting; and (ii) a diagnostic
analysis and identification of major land use problems and potentials
of selected systems. Specific methods included an in-depth literature

review for the PB, the use of key informants (ministry and donor
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officials, local authorities) and semi-structured group and individual
interviews with PB farmers. “"Triangulation" was used to bring
together the observations of individual team members from different
disciplinary perspectives to address the problem--soil degradation.
The net result of the principal investigator’s participation in
the study was that it provided a solid foundation on which to base a
more detailed study of one of the major land use systems in the PB,
the A. albida system. Specifically, it laid the groundwork for this
study by increasing the principal investigator’'s awareness of the
target group thus helping him better define research questions and
hypotheses.
2.3.2 Socio-economic survey
A formal household survey questionnaire was developed and used
to gather information on socio-economic variables from farmers in the
sample. The complete questionnaire is found in Appendix A. A variety
of questionnaire techniques were used including close-ended questions
(where answer categories are discrete, distinct and relatively few in
number), and open-ended questions to elicit informant views,
philosophy and goals relative to the A. albida system. Repertory
grids were also used to help organize information about farmer'’'s
perceptions of the relative advantages and disadvantages of A. albida
and other farming practices. Under this broad category of
information, eleven specific classes of quantitative and qualitative
data were gathered:
(1) general information, e.g., distances from villages to
nearest roads and change agents, village population, number of
active farmers, etc. in order to ascertain whether these
variables might have an impact on the A. albida system;
(ii) wvillage history, e.g., how old is the village, has the
location ever changed and why, conflict with other villages over
land/natural resources, and past, current and future perception
of the availability of natural resources/extent of degradation
around the village;
(1ii) farm (household) characteristics, including demographics,
migration, importance of off-farm employment, numbers/types of
animals and tools, etc., and how these variables might influence

A. albida. (e.g., does level/type of education have an impact?
relative wealth? numbers/types of animals, etc);



(iv) participation in farmers groups or associations, including
types of associations and level of participation. Are farmers
who are members of organizations more environmentally aware than
those who are not? What is the potential role of farmers
associations in extending/maintaining the A. albida system?

(v) land availability, tenure and segmentation. How do these
factors influence the A. albida system and to what extent?

(vi) farm performance. How and why have yields varied over the
years? What is the relative importance of "parcage®®", fallow
and A. albida in maintaining soil fertility?

(vii) formal agricultural training received, including type and
relevance to the farmer. Does formal agricultural training have
an impact on farmer perception of the environment/A. albida
system?

(viii) formal forestry training received, including type and
relevance to the farmer’'s needs. Does formal forestry/natural
resources training have an impact on farmer’'s perception of the
environment/A. albida system?

(ix) knowledge, attitudes practices (KAP) of farmer vis a vis A.
albida/natural resources. How does KAP vary in the study area
and what is its relevance in maintaining/increasing use of the
A. albida system? What is the farmer’'s private tree planting
history? Wwhat are his/her species preferences? What is the
relative importance (social and economic) of A. albida in the
farming system?

(x) level, type and importance of contact with development
agencies. What has been the role/importance of government and
non-governmental agencies in promoting awareness of A.
albida/natural resource problems and solutions?

(xi) questions concerning common land or "domaine nationale”,

e.g., has there been any privatization of common land due to

tree planting? What is the role and importance of

woodlots/collective plantations in the village and what are the
implications for the A. albida system.

These question areas, and the entire survey, focused on the
importance of trees, specifically A. albida, within the farming
system. Information gathered from this survey was also used with data
gathered from the biophysical inventory and other methods, to evaluate
the formal hypotheses.

Problems associated with cross-cultural survey research are well

documented, and the accuracy and validity of data collected using

¢8parcage is an arrangement made between a farmer and a herdsmen
(often from the same village but occasionally a Peul) to exchange crop
residues (and occasionally A. albida and other forage species) on a
particular field for several days (up to a month) of manuring.



surveys with rural populations in low income countries is open to
debate (Whyte, 1977). One major problem with formal surveys is that
the meanings ascribed to terms and concepts in survey questions often
differ widely between researchers and informants. Additionally,
questions are usually framed within the researcher'’'s world view, and
this may diverge significantly from that of members of the target
group. Finally, the cultural inclination to "tell people what they
want to hear" obviously colors the results of qualitative surveys
dealing with perceptions, attitudes and practices of a particular
target group. This inclination is more than likely manifested in
responses to questions dealing with extension, participation in
private and collective reforestation initiatives, and the priority
accorded to natural resource problems.

These general problems are compounded by a certain distrust or
suspicion of forestry agents in the NCPB. Senegal'’'s Forest Service
(Direction des Eaux et Forets) is mandated to provide both extension
services and enforcement of the national forestry code. Farmers often
view DEF agents with considerable suspicion and apprehension. While
every effort was made to explain that the principal investigator and
his assistants were not affiliated with the DEF in any fashion, farmer
perception of forestry agents in general may color responses to
questions dealing with sensitive issues such as pruning/harvesting
trees and the sale of fuelwood and other tree products.

In recognition of these potential problems, a rigorous
preparation process was used in the development of the survey
instrument. Great care was taken to use terms and concepts throughout
the survey that were thought to be appropriate for farmers in the
NCPB. Development of questions for this component drew from: (i) the
rapid rural appraisal conducted in the Peanut Basin by the principal
investigator as discussed above; (ii) a number of other agriculture

and natural resource surveys already pre-tested and conducted in
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Senegal by other researchers and projects®®; and (iii) related
surveys which have been conducted in other sub-Saharan African
countries.

Questions were first written in PFrench and reviewed/critiqued by
colleagues in ISRA/DRPF, ISRA/DSAEF and others with experience in
conducting surveys in rural Senegal. Based on input from these
individuals, the questionnaire was revised and reorganized. Questions
were then reviewed (in French) by the research assistants both to gain
from their experience in implementing rural surveys and to make sure
that they understood the context and meaning of each question--i.e.,
the information that each question was seeking to obtain. Following
this exercise, each question was translated into Wolof and Serer by
the research assistants as a group’®. The purpose of this exercise
was for the group to reach a consensus on each question in order to
ensure that each assistant would ask the question in the same manner
using the same translation. This would hopefully eliminate, to the
extent possible, biases and errors resulting from using six different
people to implement the survey.

This version of the survey instrument was then pre-tested with
three farmers (two Wolof and one Serer) from the Thienaba area’! in
December 1989. The approach for the pre-test consisted of dividing
the research assistants into three teams and administering the

questionnaire in a team rather than an individual fashion. Over the

¢SNumerous surveys on natural resources and agriculture have been
conducted in Senegal. The principal investigator owes a particular
debt of thanks to Desiré Sarr, a sociologist at ISRA/DSAEA, for
providing copies of the questionnaires for the majority of these
surveys in addition to his own guidelines on the structure and use of
rural surveys in Senegal.

7%rwo of the six research assistants hired by the principal
investigator had taught in SODEVA'’'s adult literacy program; one in
Wolof and the other in Serer.

7lparmers chosen for the pre-test were identified by Momar Wad,
ISRA/DRPF forest technician working in the Thienaba area. Farmer
selection criteria was based mainly on availability and willingness to
participate in the survey.
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two day period, the author spent approximately 5-6 hours with each
team in order to: (i) identify particular problems vis-a-vis the
questionnaire; (ii) clarify particular questions/issues for the
assistants; (iii) observe farmer reactions to different questions;
and (iv) observe assistant interaction with farmers.

At the end of the pre-test, a series of meeting were held with
the assistants in Dakar to once again go over the questionnaire and
make necessary corrections/modifications. This version was then
orally back-translated from Wolof and Serer into French by the
assistants in order to ensure that the original intent and purpose of
the question had not been lost.

Even though a significant effort was expended in the development
of the survey instrument, problems with informant’s "cultural
inclination” and a general distrust of forestry agents could still
persist. However, it is felt that this problem was circumvented to a
certain extent by spending considerably more time with informants than
is usually the norm for "one shot" socio-economic surveys. In
practice, the socio-economic questionnaire is rather lengthy and
required about 8 hours to complete. However, it was designed to be
administered by section in 1-2 hour sessions chosen entirely at the
convenience of the informant and spread over the 7-10 day period
required to complete the biophysical inventory. Farmers find this
approach convenient as it does not detract significantly from their
other activities. Moreover, experience has shown that if an informant
has a problem with a particular question or topic, the question/topic
can be postponed for several days giving the informant the opportunity
to get to know the principal investigator and research assistants
better, and have more confidence and trust in them.

An example can help illustrate this point. Farmers are
generally hesitant to provide the exact number of animals they own,
considering that the figures they provide to the local sous-prefecture

for tax purposes are usually well below actual holdings. A concern
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among some informants was that if they provided more accurate numbers
during the survey, they might be reported to the local authorities for
rural tax evasion in spite of any assurances given by the assistants
or the principal investigator to the contrary.

During the course of survey implementation, however, it was
discovered that as farmers gained confidence and trust in the research
team (i.e., the team was not affiliated with the Forestry Department,
and/or informants were not going to be reported to the local
authorities), they would come to the team toward the end of the visit
to state that some of the information they had given about animal
numbers in might have been "faulty" and would revise their total
animal holdings upward. While the "revised" figures are still
probably on the low side, the principal investigator feels that they
better reflect reality than data which would be obtained from a one or
two hour interview. Similar experiences happened for other "touchy"
subjects including tree pruning and harvesting and the sale of tree
products. In general, we found that as informant confidence in the
research team grew, so did informant openness in answering questions.

Finally, as a result of the biophysical inventory, the research
team was actually able to verify/cross reference/compare some
questions which are notorious for generating questionable responses.
These includi, inter alia, questions concerning size of landholdings,
private tree planting initiatives or other natural resource-related
practices, pruning rates and care and management practices of A.
albida.

2.3.3 Biophysical inventory

Much of a person’s and community’s indigenous knowledge is
tacit, not easily verbalized and often not obvious to outside
observers. As a result, verbal statements often differ from actual
behavior. It was therefore necessary to seek out other, more
objective indicators of farmer behavior vis-a-vis the A. albida system

and other natural resource management practices. Thus, in addition to
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the farm level socio-economic survey, a biophysical inventory of tree
and other on-farm resources was carried out on each informant's
landholdings. The complete biophysical inventory questionnaire is
found in Appendix B.

Given the shortage of arable land in the NCPB combined with
increasing population pressure, it was reasoned that the majority of
trees (including A. albida), bushes and shrubs growing (either planted
or naturally regenerated) on informant landholdings were at the most,
purposely cultivated and managed’?, or at least, permitted to live
because they served a particular purpose.

Based on this reasoning, and the general research goals, an
extensive inventory of private trees cultivated on all informant
landholdings was carried out. Data collected include:

- Number, base diameter and crown diameter of all on-field A.
albida trees greater than 1 cm in base diameter;

- An estimate of the degree of severity of A. albida
pruning/lopping (i.e., none- 0% of crown removed, light- 5-20%,
moderate- 20-40%, and severe >40%);

- An indication of A. albida natural regeneration. Three 10 m X
10 m plots were selected at random on each field. A. albida
trees with less than 1 cm base diameter were counted in each
plot and the natural regeneration per field and per hectare were
then estimated;

- Number, base diameter, crown diameter and severity of
pruning/lopping for all other on-field trees greater than 1 cm
in base diameter;

In addition to on-farm tree information, the following data were
also collected:

- rield’? ("parcelle") area. Field circumference was obtained by

using a 30 m tape and a handheld compass. The outline of the
field was sketched to scale on the sheet provided on the

727he terms management and cultivation are used here to convey the
idea of woody vegetation being maintained on household land with
varying degrees of farmer involvement. This might be simply plowing
around naturally regenerated seedlings or may involve more intense
management practices such as staking young trees to support them.

73pjelds include all land currently owned, rented, leased borrowed
or otherwise held or used by the respondent, including fallow areas.
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inventory form and the field area (in ha) derived by using a
planimeter;

- Distance to village. The distance from the village to a
particular field was also estimated. (Initial observations
gained from the RRA and the initial village visits suggested
that distance may be a critical factor in terms of A. albida
density. Fields furthest from the village appeared to have more
trees than fields located near the village. This may be due to
the more intense grazing pressure on fields in close proximity
to the village);

- Bvidence of any on-field tree planting activities and or other
soil conservation measures;

- Soil samples. A total of three soil samples were taken from
each field; one at 2 m from the trunk of a randomly selected A.
albida tree, one at the drip line (edge of the crown) of the
same tree, and one 20 m from the drip line. (In fields where
there were no A. albida trees, three samples were taken at
random. )

The procedure for taking the sample was to dig a hole
approximately 15 cm in depth and to mix the soil from all horizons in
the hole. From this mixture, a sample of about one kilogram was
drawn, placed into a plastic bag and coded. In this manner, 915
samples were taken (3 samples per field times 305 fields).

The original intention was to analyze all samples but costs
involved in doing this were prohibitive. As a result, a subsample of
36 of the original 915 samples were drawn at random (12 samples per
location) for analysis. Each subsample weighed approximately 150g.

Soil samples were analyzed for pH, phosphorus, potassium,
calcium, magnesium, nitrogen and percent organic matter at Michigan
State University'’s Department of Crop and Soil Science. Analytical
procedures used followed "Recommended Chemical Soil Test Procedures
for the North Central Region" as described in North Central Regional
Publication 221 (Revised) of October 1980.

A history of each field was obtained from informants which
included: (i) the means of field acquisition (whether inherited,
allocated, cleared by self or rented); (ii) cropping history for the
past five years (crops and yield estimates, fallow periods, use of

manure, chemical fertilizers, compost and parcage); and (iii) the
informant’s impression of the quality of the field.
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2.3.4 Pocus group interviews

Beebe (1985) points out that group interviews with farmers can
be extremely useful in collecting information on natural resources,
local histories and certain sensitive information such as land
quality, where an individual may be penalized if he or she replies
truthfully to a particular question. As an RRA technique, combining
group interviews with more formal survey methods serves two main
purposes in this study. PFirst, it provides a means of cross-
referencing some of the information and data obtained through the
formal socio-economic survey as well as a means of checking sampling
error. Second, it seeks to complement data and information gained
through other methods by involving a wider number of participants,
particularly women and youth, in the research process. Focus group
interviews can be used to systematically gather in-depth information
on the behavior and attitudes of a particular target group (Molnar
1987). According to Krunar (1987) target groups should be small (6-
12 people) and homogenous (sex, social status, occupation, etc.).
Discussion on selected topics is stimulated by the interviewer making
extensive use of "what if?" questions to develop a logical sequence
and focus group attention on different contingencies.

Based on Krunar's guidelines, information was sought from three
major focus groups; women, youth (predominantly male) and other heads
of households (chefs) not selected for participation in the actual
survey. The procedure for identifying/selecting groups in a
particular village would be for the principal investigator and/or his
assistants to explain to the local leaders (the chef de village and a
few "notables”) the purpose and goals of the method and seek his
concurrence to hold a meeting with a particular focus group. (We
chose only one focus group per village but sought an approximately
equal distribution of all three target groups across the 36
villages.) On receiving the chef'’s concurrence, the research team

would inform members of a particular focus group that there would be a
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meeting with the research team on a particular day, time and place and
all members of the group were free to attend.
Focus group discussions centered, for the most part, around
seven major topics including:

(1) privatization of common land/demise of the village
collective field;

(ii) the role of marabouts in natural resource conservation and
or destruction;

(1ii) the role of women in natural resource management;
(iv) private vs. collective tree planting;

(v) the role of farmers organizations in natural resource
management;

(vi) project vs. program/policy support for natural resource
endeavors;

(vii) re-establishing A. albida via natural regeneration vs.

planting seedlings.

In order to provide the "triangulation” necessary for this
method, individuals with different disciplines and interests were
invited to accompany the principal investigator. 1In this regard, the
research team was fortunate to have the participation of a wide
variety of individuals including social foresters, agriculture
economists, Peace Corps Volunteers as well as colleagues from ISRA,
DEF and USAID.

It was anticipated that there might be problems with this
method, particularly in terms of women’s participation. However, this
was not the case and women participated freely and very vocally in all
the group discussions. However, a major problem encountered was
keeping the groups homogenous, particularly in Wolof villages. As one
Wolof farmer put it, "we (i.e., the Wolof) are very social and
outgoing and like to know what’s going on". Therefore, it would not
be uncommon for passersby or other members of the village to stop by
the meeting place to, in fact, see what was going on. Somqtimes these
individuals would participate in discussions and other times they

would not but no attempt was made to exclude them from the meeting or
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the discussions. The net result is that in some villages, there was
what Gow (1987) refers to as a "distorted picture” of the local
situation; either the local leaders dominated the discussions, the
“ideal"” was discussed rather than the "real®, or simply the
discussions presented an opportunity for participants to air their
grievances and problems along with a "wish list" of solutions.

However, in other villages, there was open and free discussion
among all participants and much was learned even if the homogeneity of
the groups was occasionally violated. 1In fact, some of the more
insightful discussions involved interactions between men and women and
men and male youth. Discussions between different focus groups were
often quite vocal and occasionally became quite heated and difficult
to control. 1In these instances where participants freely corrected
each other and spoke openly on often sensitive topics, the variability
which make up an NCPB village became very apparent and much was
learned.
2.4 Study implementation
2.4.1 Selection and training of research assistants

In order to adequately cover the area and the scope of work
within the timeframe allowed, six research assistants (five men and
one woman) were hired to assist in study implementation. These
individuals are all ex-SODEVA employees’¢ each with 10-15 years
experience in conducting rural surveys’® and in living and working in
rural Senegal. They are all able to read, write and speak French, and
in addition to speaking and writing Wolof, three of the six speak
fluent Serer. Most importantly, they all appeared to enjoy working

with farmers in often very difficult living conditions.

74Recommended by M. Diop, ex-deputy director of SODEVA, currently
working for CIDA.

75Including the "filidre engrais” study and the evaluation of
USAID's Cereals II agroforestry component.



98

A two week training session for the assistants was held in Dakar
in December 1989. The objectives of this training were to:

- Discuss the purpose/objectives of the study and review the
consent procedures outlined above;

- Discuss various approaches in survey implementation;

- Review the socio-economic survey questionnaire per the above
discussion;

- Review the requirements of the biophysical inventory. Research

assistants were given hands-on training in: (i) how to measure
trees (base and crown diameters); (ii) how to determine field
area; (iii) how to take soil samples; (iv) how to determine the
extent of A. albida natural regeneration; (v) how to estimate
pruning rate; and (vi) how to enter/code this information on
the inventory sheets.
2.4.2 Implementation strategy
In order to complete the study within the timeframe and budget
allotted, the study area was divided into three "administrative*
(geographic) zones composed of 12 villages each. One team composed of
two assistants was assigned to each zone and under the direct
supervision of the principal investigator, was responsible for
implementing the socio-economic survey and biophysical inventory in
the 12 villages (24 households) within that zone. All teams worked
concurrently. After selection of the two study participants/
households per village per the procedures outlined above, each team
member worked individually with his/her farmer in administering the
socio-economic questionnaire. However, the team regrouped in order to
facilitate implementation of the biophysical inventory. For this
latter, the informant or a member of his household (an older son)
would accompany the team to the fields in order to determine their
location and boundaries. The teams were given a considerable amount
of assistance in conducting the biophysical inventory by the
informants themselves as well as from other members of the village.
It would not be uncommon to have 5-10 men/male youth and several

children assist the research team in locating/identifying trees and in

taking measurements. Often, these sessions would turn into forestry
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"field days" complete with food and water brought from the village for
all the "workers”.

As previously stated, completing the surveys in one village
required between 7-10 days, the exact time depending on the number of
fields per farmer. During this time, the team would live with someone
from the village (usually the village chief and occasionally one of
the informants or someone else from the village who had extra room.

8o as not to be a drain on these households, research assistants were
given sufficient funds (per diem) in order to be able to purchase
commodities (rice, dried fish, tea and sugar) for contribution to
household meals. It should be noted, however, that informants were
never paid for participating in the survey. The principal
investigator spent 1-2 days per week with each team in each village.
This time is spent in: (i) reviewing survey results with the
assistants; (ii) conducting the focus group interviews; and (iii)

generally participating in village life.



CHAPTER 3

SOIL DEGRADATION IN THE PREANUT BASIN:
THE TREE FACTOR

"The sandy upland soils of the Peanut Basin

are resilient but, because of the harsh

climate, they are not responsive to

management. Consequently, low yields are

easily maintained and improved yields are hard

to achieve.”

(Grosenick et al. 1990:54)

3.1 1Introductionm

There is a common consensus among many GOS and expatriate
scientists and development personnel that soil fertility in the Peanut
Basin has declined significantly and continues to decline since the
collapse of the bush fallow system in the early 1950's. Put simply,
soil degradation has been cited as a problem in the Peanut Basin for
at least 40 years. Dancette and Sarr (1985) review literature and
research on soil degradation and regeneration in the Peanut Basin from
1952. They found that early research focussed on regenerating and
conserving soil fertility and research programs during this period
centered on crop rotations, soil preparation techniques (animal
traction) and restitution of soil organic matter through a better
integration of livestock into farming systems. Additionally, as
Dancette and Sarr (op. cit.) point out, much of the original research
on A. albida was also conducted during this period.

.Dancette and Sarr (op. cit.) go on to argue that the late 1960’s
and early 1970’s saw a shift in emphasis from essentially organic and
cultural-based (improved techniques) research programs to ones that
focussed on the use of mineral fertilizers and improved crop varieties
as a means of resolving problems stemming from intensification of
agricultural systems and the effects of continuous cropping/declining
fallows. This shift in emphasis combined with GOS personnel and

financial constraints caused much of the early research on soil

degradation problems and regeneration techniques to be abandoned.

100
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The late 1970’'s and early 1980’'s saw somewhat of a renewed
interest in soil degradation, and soil conservation once again became
a "hot" topic among some researchers and donors. 1In 1977, Beye
discussed the causes and effects of soil degradation in Senegal (wind
and water erosion, acidification, and changes in soil physical
structure) and concluded that "all forms of soil degradation are
evident in Senegal, sometimes to such a degree that if urgent
conservation measures are not undertaken, the results could be
catastrophic”. 1In 1980, the National Research Council, financed by
USAID, carried out a brief review of soil degradation in the Peanut
Basin. 1In 1982, USAID also sponsored two additional studies on soil
degradation in the Peanut Basin. Freeman (1982) proposed a "multi-
donor reclamation operation” in the Peanut Basin whose objective would
be to "develop sustainable land management systems and increase the
productivity of soils”". Aurora Associates (1982) stressed the need
for increased attention to soil conservation and management in its
master plan for the Peanut Basin (Bassin Arachidier: Schema
Directeur. USAID 685-0235).

In 1984, SODEVA reviewed efforts to date which addressed the
problems of soil degradation and concluded that the effects of many
interventions had been limited. SODEVA stressed the need for
integrated development programs which placed an accent on soil and
water conservation (in French, "défense et restauration des sols"-
DRS) without which "desertification" in the Peanut Basin would reach
such a level that it would be "difficult to reverse". SODEVA's report
wvas followed by the previously mentioned Dancette and Sarr (1985)
study which reviewed the causes and effects of soil degradation and
research conducted on the subject in the Peanut Basin since the early
1950's.

The mid- 1980’'s saw GOS's attitude begin to shift from one which
focussed primarily on mineral fertilizer research and improved

varieties to one that included natural resource based agricultural
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research programs such as agroforestry and soil conservation. It was
during this period that evidence was accumulating that mineral
fertilizer use on-farm was generally low due to removal of subsidies.
Moreover, researchers were concluding that the impact of mineral
fertilizer in soils of low organic matter content on crop yields,
particularly during poor rainfall years, was minimal. Additionally,
many of ISRA's crop breeders began to recognize that improved
varieties of crop seed alone may not be effective in increasing
agricultural production without improvements to the natural resource
base. A new governmental department--the Direction de la Conservation
des Sols et du Reboisement--under the Ministry of Nature Protection
was established in the late 1980's with a special responsibility for
soil conservation’®. 1In 1989, the Direction de 1l’agriculture
prepared a "Programme de regénération et de réhabilitation des sols".
1989 also saw the publication of the Senagrosol report which attempted
to evaluate the degradation of soil fertility in the Peanut Basin.

Concurrent with the GOS’s shift in emphasis, USAID and other
donor activity in the soil conservation and related activities also
began to increase in the 1980's. From 1985 to 1987, USAID implemented
the "Projet de l’Agroforesterie et du Conservation des Sols et des
Eaux” (PAFOCSE) whose aim was to conduct: (i) soil conservation and
agroforestry activities in 60 villages; (ii) adaptive research on
agroforestry techniques; and (iii) studies of environmental
degradation, inter-agency coordination, and technical and financial
feasibility of various interventions. 1In 1986 South Dakota State
University, also financed by USAID, conducted a resource inventory of
Senegal which also included an analysis of soil degradation (see
stancioff et al. 1986).

In 1989, the Rodale Institute, conducted a study entitled "Soil

Degradation and Prospects for Sustainable Agriculture in the Peanut

7However, its activities to date have been primarily limited to
reforestation.
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Basin of Senegal”". Rodale'’'s conclusion was that agricultural systems
in the Peanut Basin are "undergoing a process which is spiralling
downward...left alone, a complete system collapse may be predicted”.
Rodale’s study led in part to the development of USAID’s "Natural
Resources-Based Agricultural Research Project” which began in early
1991. The project will be housed in ISRA and its purpose will be to
generate technologies based on improved natural resources management
practices which increase the productivity and sustainability of
cereals based-cropping systems above the 400mm rainfall isohyet. 1In
the Project Identification Document (PID) for this activity, USAID
states that soil productivity in the Peanut Basin is declining at a
rate of 3-5% per year.

The above is by no means intended to be a complete review of all
the literature on soil degradation in the Peanut Basin. Its purpose
is to simply illustrate the long standing concern the GOS and donors,
particularly USAID, have had with soil degradation in the region. It
should also be pointed out that documentation of the situation and
conclusions reached vary considerably between documents. However, in
all of the literature, the principal investigator believes that there
is one critical shortcoming and one key question which have not been
addressed. First, there has been no quantification of the soil
degradation problem. Permanent soil sample points have never been
established in the Peanut Basin (PB), and while everyone talks about
degradation, its extent and rate have never been actually measured.

Second, if soil degradation is a critical problem in the PB, one
would expect to see it reflected in terms of declining crop yields.
While the common perception is that yields are declining in the PB,
Rodale (1989), analyzing MOA data from 1960 to 1988 concluded that
while peanut yields were highly variable from year to year, long term
trends are relatively stable. For millet, Rodale (op. cit.) found
that the long term trend was slightly positive and the annual
variation in yields was less than that of peanuts. Similarly,
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Lericollais (as cited in Grosenick et al. 1990) in a study of three
Serer villages in the Peanut Basin, found that in thirty years of
continuous cropping there had not been any decline in yields.
Lericollais’'s conclusion was that farmers were able to maintain their
yields on a per unit area basis by using short season varieties to
compensate for lower rainfall and animal traction to do a better job
with planting and cultivation.

Given the lack of quantification of the soil degradation problem
in the NCPB combined with the fact that there has been no long term
decline in crop yields, it is the principal investigator’s contention
that when the wooded fallow soil management system collapsed, the
soils did degrade quickly but reached a new equilibrium under more or
less continuous cropping. Moreover, as production levels at this new
equilibrium have been steady for years, it is further maintain that in
addition to new varieties and better planting and cultivation
techniques, on-farm trees and shrubs including A. albida play a
critical role in maintaining this new, albeit lower, equilibrium.

In the context of the conceptual framework presented in Chapter
1, the principal investigator contends that there are both internal
and external factors which are influencing farmer soil management
decisions in the A. albida human ecological system. From an internal
social and ecosystem perspective, as Pieri (1989) observes, the sandy
soils of the Peanut Basin are "poor but forgiving” and that
productivity in these soils is almost entirely dependent on organic
matter content. It is therefore postulated that there is a direct
relationship between on-farm tree cover and organic matter content and
that farmers consciously manage certain trees and shrubs for the
express purpose of adding organic matter and nutrients to the soil.
This action, combined with an increased use of manure among many
farmers (an extension of the toll keur practice to outlying fields),
permits low but stable yields in average rainfall years. These will
be the main hypotheses addressed in this chapter.
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Externally, it is maintained that changing agriculture policy
has had a significant impact on farmer use of trees and shrubs and
other soil conservation techniques in the NCPB and that there is a
direct economic link between maintenance of soil fertility/soil
conservation activities undertaken by farmers and the prevailing
agriculture and natural resource policies. By implication, it is
maintained that improved yields will require policies which serve to
strengthen this link and will be the subject of analysis and
discussion in Chapter 4.

3.2 Major soil types

The soils of the study area are fairly homogenous and reflect
the strong zonal influence of climate and a largely uniform parent
material. In general, the Peanut Basin consists of a monotonous,
gently undulating sandy plain occupied by deep sandy soils of low
natural fertility. The apparent monotony is increased by the loss of
the natural vegetation cover, and the conversion of almost all these
soils to agriculture which leaves the ground bare for most of the
year. Within the study area, four main soil types can be
distinguished; dior, deck-dior, deck and dior noir. Table 3.1 shows
the distribution of these soil types among the 305 fields in the

Biophysical Inventory.

Table 3.1
Distribution of Sample Soil Types

Soil type No. of Percent | Percent
Fields Fields Area

Dior 198 64.9 60.6
Deck-dior 70 23.0 28.9
Deck 21 6.3
Dior noir 16 4.2
Total 305 100.0

Source: Survey data.
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The following general description of the four major soil types
draws from Charreau (1974), Aurora Associates (1982), Baye (1977),
stancioff (1986) and Rodale (1989).

3.2.1 Dior soils

The dominant soils in the study area are known as "dior’’"
soils. These soils occupy most of the Peanut Basin from Louga to
Kaolack and comprise the majority of soils in the study area (64.8% of
fields surveyed). The primary variation from north to south in these
soils is an increase in organic matter content (a function of rainfall
and biomass) and, allegedly, a topsoil texture of finer sand, perhaps
due to greater wind erosion in the north (Rodale 1989).

Dior soils show little variation in characteristics either
spatially or in terms of depth. Horizon development in the profile is
weak. The so0il is deep (> 1 m or deeper) and color is predominantly
brown, varying to yellowish brown and reddish yellow, with little
variation below the topsoil. The soils are typically structureless or
have a very weak subangular blocky structure. As a function of this
weak structure, bulk densities are generally high and total porosity
low; the low porosity is generally acknowledged to restrict root
development. When dry, the clay content albeit small, tends to harden
these soils and leads to the formation of a continuous crust which
occasionally promote runoff and inhibits seedling emergence. Soil
hardness makes deep tillage with horse drawn equipment in the dry
season extremely difficult.

Textures of dior soils are sandy or loamy sand; clay content is
typically less than 5% throughout the profile. There are few
weatherable minerals and the clay is primarily of the weakly reactive
Kaolinitic type. Organic matter content is typically less than 18%.
The combination of texture, clay type, mineral composition and very

77known in the French taxonomic system as "sols ferrugineux
tropicaux non or peu lessivés”, and in the U.S. system as
Ustipsamments.
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low organic matter content provides for a soil of very low natural
fertility and moisture holding capacity. Total cation exchange
capacity (CEC) is typically less than 3 me/100g with a base saturation
of less than 50%. The natural fertility is tied up in the shallow
topsoil layer through which nutrients are recycled--released from
decaying organic matter, absorbed by the vegetation and returned as
litterfall and dead roots. The soils are naturally acidic, with a pH
in the range of 4.5 to 6.0.
3.2.2 Deck soils

In the south central portion of the study area, the sands
overlie a dissected plateau of sandstone intermittently capped by
laterite. On the plateau remnants, soils are typically moderately
deep to shallow over laterite; erosion has reduced the depth and
laterite exposures are fairly common. On the side slopes and in
valley bottoms, soils are again deep. There is a greater variety of
soils here but the dominant soils are locally known as "deck’®".
These soils are deep and sandy, and are differentiated from the dior
soils by slightly higher clay and organic matter contents and
associated higher CEC. They accounted for 6.8% of fields and 6.3% of
total area.
3.2.3 Deck-dior soils

The third type of soil found in the study is referred to locally
as deck-dior soils. The differentiating factor is the amount of clay
in the soil; deck-dior soils have a slightly higher clay content than
dior soils but not as high as a true deck soil. This type of soil
accounted for 32.1% of fields and 28.9% of area in the study.
3.2.4 Dior mnoir soils

The remaining soil type in the study area is the heavier soils
which are usually found in basins (clay depressions, in French "bas

fonds" or in Wolof, khors) and in and along old water courses. These

7®known in the French taxonomy as "sols ferrugineux tropicaux peu
lessivés” and in the U.S. system as Alfisols.
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soils are known locally as "dior noir’"and comprise about 5.2% of
fields surveyed and roughly 4.2% of total area. Dior noir soils are
thought to be formed by the lateral translocation of clays from the
surrounding dior soils (Rodale 1989). Their evolution is dominated by
the action of excess water through seasonal fluctuations in the water
table; horizons of these soils have alternating phases of oxidation
and reduction which in turn determine the precipitation/
solubilization of iron and manganese. As a result, these elements
often appear as spots in the horizons. Organic matter and clay
content are relatively high (3-4% and 8-12% respectively) but are also
influenced by water table fluctuations. The texture of these soils is
generally sandy and the A horizon can often exceed 40 cm in thickness.
While relatively fertile because of a high CEC, they are generally
difficult to work for traditional NCPB crops because of the high clay
content. As a result, where the water table is fairly close to the
surface, they are often used for vegetable gardening and fruit trees.
Their Ph generally ranges between 5 and 6.
3.3 8Soil degradation
3.3.1 A comparison of past and present soil analyses

As previously stated, most GOS and expatriate personnel consider
soil degradation to be a serious problem in the Peanut Basin. Rodale
(1989) presents a concise review of what they feel are the causes of
resource degradation in the Peanut Basin and their impact on the soils
of the region. These causes, discussed in detail in Chapter 1,
include climatic change (a progressive decline in precipitation with
consequent biomass reductions), increasing population pressure (loss
of fallow, overcultivation, fuelwood harvesting), and poor tillage
practices (little incorporation of crop residues and deep plowing).
This in turn lead to soil degradation which takes the form of loss of

organic matter content (loss of structural resistance to erosion, loss

known in the French system as "sols hydromorphes moyennement ou
peu humiféres”" and in the U.S. system as Vertisols.
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of soil productivity), reduced soil microbial activity, soil
acidification and increased soil erosion®’. However, with no
permanent soil sample plots the rates and extent of soil degradation
have never been quantified®!. Given the absence of permanent sample
plots, it was believed that a historical review of soil analyses
conducted in the study area might shed some light on longer-term soil
degradation trends, if only for illustrative purposes. A review of
published soil analyses available from ISRA/Bambey indicated that the
majority of early work was conducted on dior soils. As this soil type
comprises the majority of soils in the study area, the review is
limited to analyses of only dior soils. From historical records at
Bambey and from more recent analyses (Senagrosol 1987 and from the
Biophysical Inventory), analyses of dior soils appear to fall into
three distinct time periods: (i) the mid-to late 1950's (Boujer et
al. 1954, Bonfils et al. 1956, Mainguy et al. 1957-58, and Busson et
al. 1958-59); (ii) the mid 1970's (Pieri 1973, Nicou 1974, Nicou 1975
and Pieri 1977); and (iii) the late 1980's (Senagrosol 1987 and
analyses conducted under this study).

In the review, only analyses from the top horizon (0-20cm) was
used and included, when available, data on granulometry (percent
organic matter content, clay, fine silt, coarse silt, fine sand and
coarse sand) and on chemical composition (pH, calcium, magnesium,
potassium--all in meq/100g of soil, phosphorus--either as ppm P,04 or
as percent of total, nitrogen--as percent of total, and cation
exchange capacity). In the majority of cases, information on
techniques used to conduct the analyses, particularly for chemical

composition, were not available and are therefore not specified. 1In

80Rodale (1989) cites wind erosion as the predominant problem in
the northern Peanut Basin--including the study area--and water erosion
as the major problem in the southern reaches of the Peanut Basin.

8lThere is one exception to this. ISRA/ORSTOM are conducting
erosion/runoff studies in the Southern Peanut Basin (Nioro du Rip) but
the data have not as yet been fully analyzed and no published results
are available.
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some i s it was y to convert some of the data (e.g.,

from lbs/acre to meq/100g, meq/1000g to meq/100g) in order to permit a
more uniform comparison. The complete results of these individual
analyses are presented in Appendix C.

While no statistical analysis .g., ANOVA) can be conducted on

the data nor can any real conclusions be drawn, the review does
suggest that there has at least been no "downward spiral” of soil
degradation in dior soils over the past 40 years. In terms of
Rodale’s (1989) key indicators of soil degradation (organic matter,
clay content and acidification), there appears to be little change as
means, maximums, minimums and standard deviations are all more or less
within the same range as Figures 3.1 through 3.3 indicate. For
organic matter, the analysis would even suggest that there has been a
slight increase over the past years. In short, the annual 3-5%
decline in soil fertility that some consider to be occurring in the
Peanut Basin appears too high for dior soils; rates of decline as as
high as this should have been at least partially reflected in the

analysis.
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Figure 3.1
organic Matter Content by Time Period



Figure 3.2
Clay Content by Time Period

Figure 3.3
pH by Time Period

3.4 The role of organic matter

The case of soil organic matter content deserves particular
attention as both Rodale (1989), Pieri (1989) and many others argue
that other than rainfall, organic matter content is the most limiting
factor in increasing agricultural productivity in the NCPB. 1In all of
the major soil types described above, organic matter plays a critical
role in terms of soil fertility and crop yields. The soils are
composed primarily of sand which are considered to be nearly

chemically inert (Rodale 1989). The clay content of the soils is not
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only low but kaolinitic in nature and therefore only weakly reactive
(Pieri 1989). As a result, the structure and productivity of the soil
are almost entirely dependent on organic matter content.

Pieri (op. cit.) argques that for sandy soils such as dior soils,
organic matter loss per year, as determined by "k82", ig about 4% per
year just by placing a field in crops. At this rate, after 17 years
of continuous cropping, organic matter in dior soils would be reduced
by one-half. While this high rate of loss would appear to be valid
for soils that had never been cropped (e.g., forested areas), or after
a cleared wooded fallow, it does not appear to be valid for
continuously cropped fields®3. Again, it was expected that declining
organic matter rates this high would have been reflected in the above
review of past and present soil analyses. However, as Pieri goes on
to argue, k needs to be modified by coefficients which reflect:

(1) tillage practices- coefficient a, where a would normally
be 1, but could be >1 for tillage practices which increase
soil erosion;

(ii) incorporation of cereal crop residues- coefficient vy,
where y would be >1 if cereal crop residues are
incorporated into the soil resulting in increased
mineralization of organic carbon;

(iii) use of mineral fertilizer (NPK)- coefficient @, where ¢
would be <1 where mineral fertilizer is used, or = 1

otherwise;

(iv) crop rotations- coefficient p, where p is <1 where crop
rotations are followed and equal to 1 otherwise;

(vi) mineral nitrogen ("fumure minerale azoté)- coefficient §,
where f is >1 when mineral nitrogen is used (e.g.,

%2pjeri (1989) defines "k" as the annual rate of loss of organic
matter due to mineralization and other causes (erosion). k(%) = (1 =-
(log €y - log C,/n)) X 100, where C, is the initial amount of organic
carbon and C, is the amount remaining after time n.

83In reality, organic matter loss over time is an exponential
function with high rates of loss after initial forest clearing, but
decreasing over time. Siband (1974) in a study of soils in southern
Senegal (Casamance) found the following relationship between organic
matter loss (y) and number of years of continuous cropping: y = 0.58
+ 1.6e70°921X ywith R = 0.972. Using Siband’'s formula, after 15 years of
continuous cropping, the rate of loss is 1.75% but after 40 years, the
rate is reduced to 1.27%. While there has been no study done or rates
of organic matter loss for dior soils, it is assumed that the
relationship is also exponential.
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intensive cereals cropping) resulting in rapid
mineralization of OM, and = 1 otherwise.

(v) organic matter input- Pieri uses "h" (8) to reflect the
contribution of inputs such as manure, compost and root
decomposition to organic matter replenishment ("taux
d'enrichissement®). The term k, will be used to reflect
actual rate of replenishment where;

kp = ((h 100)°T;) Toyq ° 3.2°10°)
and T; is the amount of manure or compost applied in tons,
and T,, is the initial stock of organic matter, also in
tons®¥y

Thus, the following formula, adapted from Pieri, could be used

to determine annual rate of organic matter loss or gain:

ke =kp -k, a-y- @ p- B
where k, is the annual rate of loss (or gain) and k, is the initial
estimated annual soil loss (4% for dior soils) as modified by the
various coefficients. But as Pieri points out, the major problem in
the application of this formula is that there has been very little
work done on the coefficients for the Sahel’s major soil types.
However, for dior soils in the NCPB, the influence of at least some of
the coefficients could be eliminated or estimated and these are
discussed below.
3.4.1 Tillage practices/soil conservation actions (coefficient a)

The estimation of a is perhaps the most difficult of all of

Pieri's coefficients. Rodale (1989) argues that the common practice
of shallow tillage (5-10 cm) combined with the removal of crop
residues can increase surface runoff and sediment erosion while deep
tillage and residue incorporation improve, inter alia, soil porosity
and moisture infiltration while reducing wind erosion. However, none
of the 72 informants practiced deep tillage as evidenced by both
observations in the field and the absence of equipment (plows and

oxen) required for deep tillage.

847, is determined by taking the initial stock of organic matter
in percent, dividing it by 100 and multiplying it by 3.2 * 10° kg/ha
vhich is the estimated weight of soil of the 0-20 cm horizon.
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Practices such as contour field preparation, strip cropping,
tied ridges and intercropping can also help to minimize the erosive
effects of wind and water thereby reducing a. However, the only one
of these practices observed during the course of the study was
intercropping. A total of five informants reported practicing the
late overseeding of millet with cowpeas.

While Pieri (1989) does not explicitly discuss the impact tree
planting for conservation purposes (e.g., windbreaks and live fences)
might have on k,, it is assumed that this practice would have a
reducing effect on a. However, tree planting for conservation
purposes among informants was very limited. According to the results
of the biophysical inventory, summarized in Table 3.2, the most common
soil conservation activity observed in terms of fields and informants
was live fences, almost always with Euphorbia tirucalli or K.
balsamifera®’. Twenty-two fields (7.2%8) were observed with at least
remnants of live fences distributed among 15 informants (20.8%). With
one exception, all the fences observed were established in the distant
past. Only one informant had attempted any "new" fence establishment
by planting E. balsamifera cuttings to fill in holes in an existing
fence.

General tree planting was the next most common activity observed
with six respondents (8.3%) planting trees on 7 fields (2.3%). The
most common species planted were neem (Azadirachta indica), mangos
(Mangifera indica) and ronier palm (Borassus aethiopum) planted on the
borders of fields or located in fields in close proximity to the
family compound. However, it is doubtful whether any of these
plantings were done intentionally for soil conservation purposes and

their impact on a would be negligible.

85The only exception was in small gardens and/or orchards near
villages and compounds where we observed a number of farmers using
2iziphus mauritiana in a live fence configuration.
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Four informants (5.6%) had what could be considered to be an
attempt at windbreak establishment in a total of four fields. These
plantings as differentiated from the general tree plantings described
above, were usually composed of a single row of Bucalyptus spp. or
Prosopis juliflora with 10-12 trees in a row at a three to five meter
spacing and oriented against prevailing winds.

Table 3.2

Conservation Actions Undertaken By Farmers

Action No. of Percent | Percent
Fields Farmers

Windbreaks 4 5.6
Live fences 22 20.8
Tree planting 7 8.3
Total 33 34.7

Source: Survey data.

Based on the above. it would appear that the value of a among
the majority of farmers in the NCPB would be greater than one and that
tree planting for conservation purposes would have no effect on the
majority of fields surveyed. In the absence of a site specific value,
research at Nioro du Rip (ISRA/Senegal) on deck soils (on considerably
steeper slopes) determined an a of 1.37 (Pieri 1989). The principal
investigator assumes that for the sandier dior soils in the study area
(wvhere the terrain is less accentuated), a would be slightly lower and
estimates it at 1.2.

3.4.2 1Incorporation of cereal crop residues (coefficient y)

Currently in the NCPB, the economic incentive to use crop
resides for forage or other purposes exceeds the incentive to
incorporate them into the soil (Magnison 1985, Rodale 1989). In terms
of cereal crop residues (millet and sorghum stalks), they are used for
a wide variety of purposes including fencing, fuel and forage. Stalks
are almost never plowed under. Even the stubble that remains after

the stalks are removed (and/or grazed) is usually raked into piles and
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burned®®. It is thus estimated that y for the majority of farmers in
the NCPB would be 1.
3.4.3 Pertiliser use (coefficients y and f)

As Table 3.3 indicates, reported fertilizer use among informants
from 1985 to 1989 was very limited. In 1985, seven informants reported
using fertilizer on 11 fields (17.2 ha) while in 1989, only one
informant reported using fertilizer one field (2.3 ha). According to
informants, the amount of fertilizer used (Table 3.4) has also
decreased from an average of 86 kg/ha in 1985 to an average of 20
kg/ha in 1989 (only one informant). According to discussions with
informants and other farmers, the decline in fertilizer use is due
mainly to the removal of subsidies under the Nouvelle Politique
Agricole and the lack of sale points in closer proximity to the
villages. These issues will be the subject of additional analysis in
Chapter 4.

Table 3.3
Reported Fertilizer Use

1985-1989

Variable

Number of fields

Area

Number of farmers
Percent of fields (n=305)
Percent area (n=456.7)
Percent of farmers (n=72)

Source: Survey data.

Based on these findings, it could be safely estimated that the
coefficients for y and § would be very close to one for the majority

of farmers/fields in the study area.

%While this practice does serve a useful purpose by mineralizing
nutrients, destroying pests and making field work easier, it has been
widely criticized by many in Senegal given the loss of organic matter
and nitrogen to the system.
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Table 3.4
Quantity Fertilizer Used, 1985-1989

(Kilograms per Hectare)

Variable

Maximum

Minimum

Average

Total fert. use (kg)

Total per study area (kg/ha)

Source: Survey data.

3.4.4 Crop rotations

Informants reported that they followed crop rotations (millet-
peanuts and occasionally cowpeas) on 197 fields (64.6%) during the
1985 to 1989 period. Of the remaining fields, 32 (10.5%) benefitted
from rotation at least one time during the five year period. However,
according to informants, 61 fields (20.0%) never had crop rotations
during the above period. For the most part, these latter are fields
close to the compound ("toll keur") and are reserved primarily for
millet production. They also tend to receive more manure than other
fields and are able to better sustain continuous millet cropping
(Rodale 1989). Information was not available for 15 fields as
respondents had only recently acquired them and/or were not familiar
with the cropping history.

Given these results, it is assumed that p has a reducing
influence on k, for the majority of farmers/fields in the study area.
In the absence of site specific information, Pieri (1989) citing
research in Chad found that a simple rotation with sorghum instead of

a cotton monoculture yielded a p of 0.86. While a millet-peanut

%70nly one respondent reported having used fertilizer in 1989 (one
50 kg sack).
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rotation would probably be more beneficial than a cotton-sorghum
rotation, the value of p as 0.86 will be retained.
3.4.5 Organic matter input--determination of "k,.

Farmers in the NCPB currently have one or a combination of four
conventional methods of incorporating additional organic matter into
the so0il; use of peanut/cowpea crop residue; a wooded fallow system,
the use of animal manure (by "parcage” or by spreading), and
composting.
3.4.5.1 Use of peanut/cowpea residues

The first means that NCPB farmers have at their disposition in
terms of increasing organic matter content is the incorporation of
peanut and/or cowpea residues into the soil. The benefits of
incorporating these residues include improvement of soil porosity and
water infiltration, reduced wind erosion, assurance of seedbed
preparation and plant emergence, improved rooting and weed control
(Nicou and Charreau 1979). 1In spite of these benefits, few farmers in
the NCPB chose this option as benefits obtained from selling crop
residues, particularly peanut hay for forage, appear to outweigh the
benefits gained from incorporating crop residues into the soil (Abt
Associates 1985, Rodale 1989, Grosenick 1991).

The common practice in the NCPB is to rake into piles and burn
the few remaining crop residues and surface trash left on the fields
prior to plowing. While this practice does allow rapid availability
of some mineral nutrients, it does reduce overall carbon/organic
matter levels. 1In this context, it is estimated that organic matter
input from residue incorporation would be negligible for the majority
of farmers/fields.
3.4.5.2 Wooded fallow

In the NCPB's traditional wooded fallow system, outlying
fields were left in fallow for a period of five to seven years which
was sufficient time for the woody vegetation to re-establish itself.

Clearing of this fallow began by girdling the trees one year and then
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in subsequent year(s) burning the resulting brush. The advantage of
the wooded fallow system was that it was minimally disruptive to the
soil and provided a means of recycling nutrients from lower soil
horizons. Additionally, because a wooded fallow produces extensive,
large roots as well as large woody surface materials, it took a number
of crop years to extract the nutrients accumulated by the fallow
(Grosenick et al. 1990).

In order to obtain an idea of the fallow history of the fields
surveyed in the study, informants were asked (for each field in their
possession) the last time that the field had been in fallow (including
periods prior to 1985) and for how long. Informants were able to
provide what was thought of as fairly accurate information for about
one third (103) of the fields surveyed. Of these fields, informants
reported that to their knowledge, 31.1% (32 fields) had never been in
fallow®®. For those fields where informants recalled a fallow period
prior to 1985, the average number of years since fallow was 16.9.
During 1985 to 1989, the reported average length of fallow of was 1.7
years with a maximum of 5 years and a minimum of one.

The primary reason given by respondents for putting a field in
fallow was to "give the land a rest"” which accounted for 45.7% of
responses. This was closely followed by seed unavailability (either
not available or unwilling to purchase at current price) which
accounted for 42.9% of responses. Insufficient labor, lack of
fertilizer (again, either not available or not willing to availability
or funds to purchase), and a lack of traction equipment accounted for
5.4%, 4.3% and 1.6% of responses respectively. 1In total, however,

lack of inputs®® appears to be the major factor in informants’

88ror the most part, these are the fields located close to the
compound and used almost exclusively for millet production. Being
close to the compound, they tend to receive the most manure and in
good rainfall years, can support continuous monocropping.

89This is consistent with Golan's (1989) findings. Golan refers
to this as "unplanned" fallow. 1In a study of two villages in the PB
Golan found that out of 108 fields left in fallow, 76 were fallow due
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decisions to leave land in fallow. Perceived reasons for placing

fields in fallow are summarized in Table 3.5.

Table 3.5

Reasons For Fallow

(Number and Percent of Farmers)

Reason

Give land a rest
No seed®® (pur./avail.) 79 42.9
No labor 10 5.4
No traction o?uipment 3 1.6
No fertilizerI® (pur./avail.) 8 4.3

Survey data. I

Per the above, and as many have arqued (Freeman 1982, Rodale

Source:

1989 and Grosenick et al. 1990 among others), the use of a wooded
fallow system in the NCPB has essentially collapsed?’. The collapse
which began in the 1950's with the introduction of peanuts, reached
its end probably sometime in the early 1970‘'s. The reasons for the
collapse are more than likely twofold. First, as discussed in Chapter
1, the introduction of peanuts combined with increasing use of animal
traction is implicated in the cultivation of larger areas at the

expense of fallow or previously uncultivated areas (mainly forests).

to lack of seeds or labor, 6 because they were too far from the
compound or were of exceptionally low quality. The ratio of unplanned
to planned fallow in Golan’s study was on the order of three to one.

%°1n the Biophysical Inventory, we did not attempt to make a
distinction between an informant’s ability (or reluctance) to purchase
seed and fertilizer at current NPA prices, and actual seed and
fertilizer availability.

%911n addition to having an impact on soil productivity, reduction
of the fallow period also has an impact on the natural regeneration of
trees and shrubs which potentially have many economic benefits
(fuelwood, medicines, forage, etc.). Fallow lands are also considered
for the most part to be common lands and many disadvantaged groups
(women and children) help support their families from these areas
through the collection, use and or sale of many primary and secondary
tree products. It is not known how the reduction of the fallow period
and woody vegetation might have affected these groups.
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Second, there is now insufficient land in villages to permit
fallowing, a consequence of both demographic pressure and enlargement
of the area cropped.

According to informants, the majority of fallow now is usually a
result of lack of inputs and is limited to a period of only one or two
years which permits only the establishment of some perennial grasses.
However, as Grosenick et al. (1990) point out, a grass fallow leaves
most of the land unprotected most of the time and is not effective for
recycling nutrients from deep soil horizons. Also, it does not have
the vigorous root system required to improve the physical
characteristics of sandy soils (Charreau 1974). Finally, Pieri (1989)
argues that a natural fallow on degraded soils only begins to add
organic matter after a period of 10 years. It is therefore thought
that the current grass fallow makes little if any contribution to k.
3.4.5.3 Animal manure

Animal manure can be applied to fields in two different
fashions; through the spreading of manure resulting from animals kept
in the compound at night and through the practice of "parcage”.
Parcage refers to the stationing ("parking”) of animals on a
particular field for a certain length of time so that the field
receives the benefit of the manure and the animals receive the benefit
of crop residues and other forage. Animals used may belong to the
actual owner of the field or a relative from the same or a neighboring
village®? or an arrangement can be made with another individual
(e.g., a Peul herder) to exchange crop residues and browse on the

field for manure?3.

921n which case, the animals are kept on the field at night but
are usually returned to the compound in the evening. Animals owned by
different individuals may often be "pooled" for purposes of parcage.
Using one’s own animals or a relative’s is the typical Serer method.

937his is typically the Wolof method, as the Wolof generally have
fewer animals and/or access to fewer animals than the Serer.
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3.4.5.3.1 Manure spreading

spreading of manure (and household refuse) is usually reserved
for continuously cropped fields (usually millet) in the immediate
vicinity of a village or compound (i.e., toll keur fields). When
manure is transported to the field, it is usually dumped in piles and
then spread evenly over an area with a radius of about 5 to 6 meters.
Manure is not spread at random, but placed on areas of the field which
the farmer deems as particularly infertile. As a rule, the more
fertile areas in a particular field such as those under or around an
A. albida tree and certain other tree species would not receive any
manure.

The results of the biophysical inventory, presented in Table
3.6, suggest that the use of manure among informants increased
slightly during the 1985 to 1989 period. 1In 1985, 27 farmers use
manure on 43 fields (69.4 ha) compared with 45 farmers and 72 fields
(118.5 ha) in 1989. Average manure use, however, appears to remain
fairly constant at about 5.6 charrettes per hectare as Table 3.7
indicates.

From these observations, it is concluded that the decline in the
use of fertilizer noted above appears to have been compensated to a
certain extent by increased use of manure among respondents. The
relationship between the various soil fertility measures used by
informants in terms of percent of fields inventoried and as a percent
of informants are presented graphically in Figures 3.4 and 3.5,
respectively.
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Table 3.6
Perceived Manure Use
1985-1989
Variable 1985 1986 1987 1988 1989
Number of fields 43 54 66 64 72
Hectares 69.4 83.2 110.1 94.7 118.5
Farmers using man. 27 34 39 42 45
Percent of fields (n=305) 16.6 19.7 23.2 21.8 23.4
Percent of area (n=456.7) 16.7 19.3 24.4 20.7 25.5
Percent of farmers (n=72) 37.5 47.2 54.2 58.3 62.5
Source: Survey data.
S
Table 3.7

Perceived Quantities of Manure Used

(Charrettes per Hectare)

Variable 1985 1986 1987
Maximum 17.9 58.8 17.9
Minimum 0.2 0.9 0.4
Average 5.0 6.6 5.2
Total manure (char.) 220.5 343.8 343.0
Manure/study area 0.5 0.8 0.8
(char. /ha)
Source: Survey data.

Additionally, since the removal of fertilizer subsidies in 1985
resulting in the general decline in the use of fertilizer among NCPB
farmers (Kelly 1988), discussions with informants and other NCPB
farmers indicated that some farmers are extending the toll keur
practice to more outlying fields although transport costs and
reportedly fewer animals remain a critical factor in wider use of

animal manure.
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SOL FERTLITY MEASURES 1985 TO 1989
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Figure 3.4
Soil Fertility Measures 1985 to 1989 (Fields)
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Figure 3.5
Soil Fertility Measures 1985 to 1989 (Informants)
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Given this argument, distances from the 307 fields in the
biophysical inventory to the village were compared with average
reported manure use per hectare on those fields from 1985 to 1989.
Using regression analysis, the following hypothesis was tested:

Hypothesis 3.1

B0 T 1age (DISVIL) and sverage manure uee on that field

(MAHA) .

Hiy)s on-field manure use (MAHA) decreases with increasing
distance from the field to the village (DISVIL).

DEP VAR: MAHA N: 299 MULTIPLE R: .143 SQUARED MULTIPLE R: .020
ADJUSTED SQUARED MULTIPLE R: .017 STANDARD ERROR OF ESTIMATE: 2.318

VARIABLE COEFFICIENT STD ERROR STD COEF TOLERANCE T P(2 TAIL)

CONSTANT 1.373 0.176 0.000 . 7.820 0.000
DISVIL -0.409 0.164 -0.143 1.000 -2.486 0.013

ANALYSIS OF VARIANCE

SOURCE SUM-OF-SQUARES DF MEAN-SQUARE F-RATIO P
REGRESSION 33.203 1 33.203 6.180 0.013
RESIDUAL 1595.754 297 5.373 *

The results of the regression suggest that there is a weak but
highly significant (99% confidence level one-tailed) inverse
relationship between average manure use and distance from a field to a
village. Its predictive power, however, is quite low which does lend
some credence to the argument of certain farmers that the toll keur
practice is being extended to outlying fields.
3.4.5.3.2 Parcage

A total of 29 informants (40.3%) reported practicing parcage,
either currently (13 or 15.3%) or in the past (16 or 22.2%). Nine of
the 29 farmers who reported practicing (or having practiced) parcage
indicated that they made such arrangements with Peul herders. These
were all Wolof farmers. The remainder (all Serer farmers) used their
own cattle or the herds of a relative in the village or from a

neighboring village. Among current users, parcage, as with fallow,
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appears to have remained fairly constant from 1985 to 1989 as Table
3.8 indicates.

Yearly fluctuations, reflected in Figures 3.4 and 3.5 above,
suggest that farmers practice parcage on a particular field every
other year. Usually this is a millet field as evidenced by the fact
that when informants were asked if there was a particular crop which
benefitted from parcage, 27 informants said millet while only 2 said

peanuts.

Table 3.8

Use Of Parcage

Variable

Number of fields
Hectares

Number of farmers
Percent of fields (n=305)
Percent of area (n=456.7)
Percent of farmers (n=72)

Source: Survey data.

Of those farmers practicing parcage, the average length of time
the herd stays on the field is about four weeks (a maximum of seven
and a minimum of one--see Table 3.9) and the average herd size is
about 37 animals representing a density of about 35 animals per
hectare (Tables 3.10 and 3.11).

over the longer term, however, the use of parcage appears to be
declining. Sixteen informants reported having practiced parcage on a
total of 24 fields (44.3 ha) but have discontinued primarily due to a
lack of animals and reduced presence of Peul herders in the area as
Table 3.12 indicates.

Among these individuals the average number of years since
parcage for these 24 fields was 15.8 with a maximum of thirty and a
minimum of six (Table 3.13).
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Table 3.9
Length Of Parcage
(Weeks)

Maximum
Minimum
Average

Source: Survey data.

No. of animals

Table 3.10
Parcage Herd Size

(Number of Animals)

1985

Maximum
Minimum
Average

120
18
50.3

Source: Survey data.

Table 3.11

Parcage Herd Size

(Animals per hectare)

Animals per hectare

Maximum
Minimum
Average

Source: Survey data.
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Table 3.12

Reasons for Discontinuing Parcage

Reason

Conflicts with rotations?®*
Peuls don’'t come an re
Peuls too expensive”’>

No more/too few animals
Peuls too destructive’®
No response

Source: Survey data.

Table 3.13

Parcage Before 1985

Variable

Number of fields

Number of farmers

Total area (ha)

Percent of fields (n=305)
Percent of farmers (n=72)
Percent of area (n=456.7)

Source: Survey data.

3.4.5.4 Composting

The composting of manure and crop residues in the NCPB is a
relatively new technique. None of the 72 informants practiced
composting and the majority of these did not even know what it was.
However, several informants reported hearing about the benefits of
composting on the radio and during group discussions, some farmers

expressed an interest in learning more about the subject. It is

%4This informant said it was not worthwhile to use parcage with a
peanut-millet rotation. Parcage was wasted on peanuts.

95rhis informant stated that instead of the customary exchange of
crop residues and forage for manure, Peul herders now wanted tea and
soap.

%This informant reported that the Peul were too destructive of
his cad trees and he felt that the cad were more important to
maintaining soil fertility than the parcage. While not apparent in
this study, Kone (1986) reports that some farmers go as far as to sell

the right to prune the cad trees of their neighbors to passing
herders.
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assumed that composting makes no contribution to SOM (soil organic
matter) in the NCPB.
3.4.5.5 Estimation of k,
An estimate can now be made of k,. As there appears to be
little if any organic matter resulting from the short grass fallows,
the incorporation of peanut or cowpea residues and composting, it is
assumed that organic matter is coming primarily from spreading manure
and parcage. However, these two practices are mutually exclusive in
that a field which receives spread manure one year would not be placed
in parcage the same year, or even the following year. Thus, in 1989,
a total of 85 fields (27.9%) received manure either from spreading (72
or 23.6%) or by parcage (13 or 4.3%). Additionally, as the study was
not able to estimate the amount of manure resulting from parcage, it
is assumed that it is more or less equivalent to spreading, although
in reality, it is probably higher.
An average spread manure use of 5.6 charrettes/ha translates
into approximately 1.1 tons of manure per hectare per year®’.
According to Pieri (1989), one ton of manure adds the equivalent of
about 100 kg of organic matter to the soil (i.e., "h" is about 10%).
Thus,
ky = ((10 100)°1100T) 0.55/100 + 3.2-10%)
k, = 110/17600 = 0.63%.

We can now determine k,, recalling that
ke =kp -k, - a*y- @ p- B

and k, = 0.63%, k, = 4.0%, a = 1.2, y =1, @q =1,

p = 0.86 and § =1.

k, = 0.63 - (4.0 - 1.2 -1"°-1- 0.8 * 1),
kg = 3.5%

%7while there is considerable variation in the amount of manure
that can be carried in a charrette, we assumed a range of about 150-
250 kg of manure per charrette load. 5.6 charrettes/ha times an
average of about 200 kg equals about 1.1 tons of manure applied
annually.
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Based on this analysis, organic matter content in study area
dior soils would be decreasing (or have been decreasing) at an annual
rate of 3.5%. This would mean that organic matter content would be
halved in 18 years instead of the 17 years predicted above. Again,
however, the review of past dior soil analyses and crop yield
information in the study area does not seem to support such a high
rate of decrease.

As a result, the principal investigator believes that one factor
that has been neglected in Pieri’s formula is the role of A. albida
and other indigenous woody perennials in providing organic matter to
dior soils and thus enabling some farmers to maintain at least low but
steady levels of continuous production for most major crops. In the
following section, it is suggested that what is needed is the addition
of a "tree factor” to Pieri’s formula, which would reflect the fifth
and more traditional source of organic matter for many NCPB farmers.
3.5 The tree factor
3.5.1 The role of A. albida

A. albida's contribution to soils and soil productivity has in
the past been well-documented. Comparisons of soil samples taken from
under the crowns of A. albida and from outside the influence of the
crowns indicate that almost every soil characteristic is improved by
the presence of the tree. A summary of past research findings®® for

selected soil characteristics is found in Table 3.14.

%8Charreau and vidal (1965) and Jung’s (1966 and 1969) research
design and results, according to Felker (1978), are probably the most
statistically valid.
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Table 3.14

Past Research Comparing Differences Between Selected
Characteristics of Soil Samples Collected Under the
Crown of A. albida and from Adjacent Open Spaces

Character- Authority

istic
Charreau and Jung 1966 Dugain 1960 Dancette
vidal 1965 and 1969 and
Poulain
1969

prob. prob. prob. prob.

NS .01
.01 NSA NSA
.01 NSA NSA
P,05 (assim.) .01
K (meq/kg) NSA
Ca (meq/kg) NSA
Mg (meq/kg) NSA

N8 = not significant; NSA = no statistical analysis available

The research design for comparing the effects of A. albida on
soil characteristics was slightly different from the ones used by
Charreau and vidal (1965) and Jung (1966). In terms of similarities,
a total of three soil samples were taken from each field; one at 1 m
from the trunk of a randomly selected A. albida tree, one at the drip
line (edge of the crown) of the same tree, and one 20 m from the drip
line in the open field. The procedure for taking the sample was to
dig a hole approximately 20 cm in depth and to mix the soil from all
horizons in the hole. From this mixture, a sample of about one
kilogram was drawn, placed into a plastic bag and coded. 1In this
manner, 915 samples were taken (3 samples per field times 305 fields).

The original intention was to analyze all samples but costs
involved in doing this were prohibitive. As a result, a subsample of
13 samples per location vis-a-vis the tree (39 samples total--27 from
dior soils, 5 from deck-dior soils, 4 from deck soils and 3 from dior
noir soils) was drawn at random from the original 915 samples. Each
subsample selected in this manner weighed approximately 150g. Rather
than taking 3 samples from around the same tree as did Charreau and

Vidal, the principal investigator believes that this random selection
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procedure provides a better indication of the global impact of A.
albida in the study area by adding more sites and increasing
statistical validity.

Soil samples were analyzed for pH, phosphorus, potassium,
calcium, magnesium, nitrogen and percent organic matter at Michigan
State University'’s Department of Crop and Soil Science Soil Testing
Laboratory. Analytical procedures used followed "Recommended Chemical
Soil Test Procedures for the North Central Region”" as described in
North Central Regional Publication 221 (Revised) of October 1980. For
the comparative ANOVA, only samples from dior soils were used to
eliminate the effect of soil type®?. The results of the ANOVA are

presented in Table 3.15.

Table 3.15

A Comparison of Selected Characteristics of Dior
S8oils Taken from Under the Crown of A. albida, at
the Drip Line and from Adjacent Open Spaces

(A) (€) AOV Between

Characteristic lm 20 m Groups
from from
base dripline | F-value Prob.

of tree

Sample size (n) 9 9 9
6.067 6.189 6.311
0.839 0.708 0.608
0.024 0.021 0.015

(1bs/acre) 40.444 27.556 25.444
K (lbs/acre) 101.444 67.111 43.556
Ca (lbs/acre) 541.889 457.333 423.333
Mg (lbs/acre) 111.889 36.048 82.444

Source: Survey data.

As the analyses indicate, levels of organic matter, nitrogen,
phosphorus, potassium and calcium all decrease with increasing
distance from the base of the tree. However, the difference is only
statistically significant in the case of organic matter (95%

confidence lo§el), nitrogen (958 confidence level) and potassium (99%

”Additionally, although found on other soil types, A. albida is
most frequently associated with dior soils.
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confidence level. It is suspected that differences would have been
more pronounced had all three samples been taken from the same tree,
but as previously stated, the objective in selecting random samples
was to ascertain the global impact of A. albida in the region.

As Table 3.16 indicates, differences were only statistically
significant between the samples taken from under the crown and from
samples taken from adjacent open spaces; organic matter content
increased by 38%, nitrogen by 60% and potassium by 133%. While levels
of OM, N and K were higher at the drip line than those from adjacent

spaces the difference was not statistically significant.

Table 3.16
Results of Statistical Analyses

Character- Percent increase S8ignificance
istic over C

A B C A/C A/B B/C

OM (8) 138 .016 .220 .404
N (%) 160 140 .017 .607 .127
K (lbs/acre) 233 .005 .118 .345

Source: Survey data.

The increase in organic matter content under A. albida trees is
particularly important. Dancette and Poulain (1969) found that
outside of A. albida cover, the content of mineral colloids plays the
determining role in cation exchange capacity (CEC). Under A. albida,
however, they found that the higher level of organic matter content
enables it to play a role at least as important as mineral colloids if
not more so. They found that while CEC increases only slightly under
A. albida (from 2.70 to 2.97), this increase translates into
considerably higher levels of exchangeable cations.

The increases in organic matter due to A. albida have also been
found to improve soil microbial activity. Soil microbiology in the

Peanut Basin was studied by Jung (1970) who provided baseline studies
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of seasonal changes in soil microbial populations in dior soils. His
study concluded that during the dry season, biological activity in the
soil is severely limited by stress from low moisture. With the first
heavy rains, there is a rapid increase in soil microbial activity and
a concurrent flush of OM decomposition during which declines in soil
N, P and pH occur due to intensive leaching. Jung concluded that
severe dry season moisture stress limits the soil’s biological
community from efficiently trapping nutrients and making them
available to crops over the course of the growing season. However,
soils under A. albida typically showed significant improvement of soil
moisture, microbial activity!?® and nutrient retention capacity
regardless of the season. This suggests that A. albida provides a dry
season refuge for soil biological activity by immobilizing nutrients
against leaching losses and enabling their gradual release for plant
growth.

Based on the above, it is suggested that Pieri’s formula be
modified by a factor called "®" to account for the influence of A.
albida in providing organic matter to dior soils. Assuming that A.
albida only has an influence on OM directly under the crown, for the
sample, ® could be determined as follows:

P = ((Tog X R X C)/Ty) X 100, where

Tox = -55 X 3.2 X 10° = 17600 kg

R = rate of increase of OM due to A. albida (38%)

C = average A. albida crown cover for the sample (2.3% for
the 305 fields)

® = ((17600 X 0.38 X 0.023)/17600)) X 100

¢ = 0.87%

Thus k, would be reduced by 0.87% to 2.63% due to the influence
of A. albida. The range of ® for the 305 field sample would be a

minimum of 0 (no A. albida present) to a maximum of 7.8% (crown cover
of 20.6%) which would indicate that fields with a relatively high A.

1005ung (1966) reports a two- to five-fold increase in microbial
activity under A. albida.
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albida crown cover could actually have a net gain in SOM content.
From a total farm perspective, only 32 informants had a total farm A.
albida crown cover greater than the mean of 2.3%, so for the majority
of informants, annual OM loss would be greater than 2.6%.

Additionally, A. albida’'s contribution to soil fertility in NCPB
farming systems is probably greater than that reflected in the
estimation of ®. The mosaic of on-field trees would no doubt have an
influence on a in terms of soil conservation in general by reducing
soil loss and evapotranspiration due to wind erosion.
3.5.2 The influence of other woody perennials

Other tree and shrub species in the NCPB also appear to play an
important role in agriculture. Informants were asked if they thought
there was a positive relationship between certain trees on a
particular field and soil productivity. All 72 survey participants
responded in the affirmative which indicates there is a wide
understanding of the relationship between trees and soil fertility.
Moreover, informants appear to have at least a rudimentary
understanding of how a particular tree species contributes to soil
fertility and conservation as the discussion below indicates.

Informants were then asked to choose and rank, in order of
importance to them, three of the six roles of trees (medicinal, soil
conservation/fertility, food, forage/fodder, fuelwood and service
wood). Choices were summed in order and results are presented in

Table 3.17.
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Table 3.17

Role Of Trees According to Men

(Choices by Number and Percent)

According to informants, the most important role of trees was in
providing human food which accounted for 22.7% of total responses.
Food was closely followed by medicinal uses (20.8%) and soil conserva-
tion/fertility (19.4%). Service wood and forage fodder were
considered to be about equal in importance accounting for 13.9 and
14.4 percent of responses respectively. Fuelwood was considered by
respondents to be the least important role of trees accounting for
only 8.8% of total responsesl®!,

Thus, a total of 42 informants chose soil conservation (either
first, second or third choice) as one of the most important roles of
trees. These informants were then asked to name three species, in
order of preference, which contributed in a significant way to
enhancing soil fertility and/or soil conservation and explain why they
felt the species did so. Results, presented in Table 3.18, indicate
that the contribution of A. albida is widely recognized. It was cited
by all 42 informants. According to informants A. albida’s major
contribution is that it improves the soil and increases yields.
However, several informants also mentioned factors such as attracting
animals/manure underneath the crowns, its role as a windbreak/soil

conservation species and its role in improving fallow. Four

10lrhere is obviously some gender bias in responding to this
question as all of the informants were men. This issue will be
discussed further in Chapter 4.
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informants specifically cited A. albida’s role in providing organic
matter via leaf fall.

The second most frequently cited conservation species was
Balanites aegyptiaca (19 informants). According to informants, its
major role was in improving soil/increasing yields and as a windbreak.
80il conservation, fallow improvement and provision of organic matter
were also citod as contributing factors.

The third most frequently cited conservation species was Guiera
senegalensis (nger in Wolof) and according to informants, it makes its
contribution by improving the soil/increasing yields, acting as a
windbreak and helping promote soil conservation. Acacia nilotica,
Eucalyptus spp., Tamarindus indica, Piliostigma reticulata, Antiaris
africana and Cordyla pinnata were also cited as good soil conservation
species by at least three informants.

Based on informant perceptions of the role of woody perennials
in soil conservation and soil productivity in the NCPB, the presence
of other on-field woody perennials, in addition to A. albida, also
appears to make a major contribution to SOM and soil stability in the
NCPB. In section 3.5.1 above, it was determined that A. albida’s
major influence in terms of organic matter appears to be directly
under the tree canopy. However, it is believed that A. albida, along
with other woody perennials also exerts an influence on the SOM of
soils outside the influence of the canopy through movement of
litterfall by the wind. Using only samples taken from outside the
influence of the influence of the A. albida crowns, but from all soil
types, regression analysis was used to examine the relationship
between woody perennial crown cover per hectare and soil organic
matter content. Original data and summary statistics for the

following hypotheses are found in Appendices D and E.
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Table 3.18

Recognition of the Contribution of
Various Tree Species to Soil PFertility/Conservation

(Number of Responses and Perceived Contribution)
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Hypothesis 3.2

Hot There is no relationship between A. albida crown cover per
hectare (CRNCAD - %) and soil organic matter content (ORG
- %) of soil samples taken from outside the influence of
the tree canopy.

H,: Soil organic matter content from outside the A. albida
canopy, is in part, a function of the percent crown cover
per hectare of A. albida.
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DEP VAR: ORG N: 13 MULTIPLE R: .278 SQUARED MULTIPLE R: .077
ADJUSTED SQUARED MULTIPLE R: .000 STANDARD ERROR OF ESTIMATE: 0.331

VARIABLE COEFFICIENT STD ERROR STD COEF TOLERANCE T P(2 TAIL)

CONSTANT 0.712 0.120 0.000 . 5.945 0.000
CRNCAD 0.040 0.042 0.278 1.000 0.959 0.358

ANALYSIS OF VARIANCE

SOURCE SUM-OF-SQUARES DF MEAN-SQUARE F-RATIO P
REGRESSION 0.101 1 0.101 0.919 0.358
RESIDUAL 1.203 11 0.109

The results of the regression suggest that A. albida has no
influence on SOM outside of its canopy and the null hypothesis must be
accepted. However, as discussed above, other woody perennials may
have an influence on SOM. The hypothesis is:

Hypothesis 3.3

Hys There is no relationship between the crown cover per

hectare of other woody perennials (CRNOTH - %) and soil
organic matter content (ORG - %) of soil samples taken
from outside the influence of the tree canopy.

H;: Soil organic matter content from outside the tree canopy,

is in part, a positive function of the percent crown cover
per hectare of other woody perennials.

DEP VARt ORG N: 13 MULTIPLE R: .443 SQUARED MULTIPLE R: .196
ADJUSTED SQUARED MULTIPLE R: .123 STANDARD ERROR OF ESTIMATE: 0.309

VARIABLE COEFFICIENT STD ERROR STD COEF TOLERANCE T P(2 TAIL)

CONSTANT 0.706 0.099 0.000 . 7.156 0.000
CRNOTH 0.068 0.042 0.443 1.000 1.640 0.129

ANALYSIS OF VARIANCE

SOURCE SUM-OF-SQUARES DF MEAN-SQUARE F-RATIO P
REGRESSION 0.256 1 0.256 2.690 0.129
RESIDUAL 1.047 11 0.095

The results of the regression do not suggest a positive
relationship between crown cover of other woody perennials and SOM.

In order to ascertain whether the relationship between crown
cover and 8OM is could be strengthened, the relationship between total
crown cover (A. albida plus other woody perennials- CRNCAD + CRNOTH)
and SOM was examined. The hypothesis is:
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Hypothesis 3.4

Hys There is no relationship between total crown cover per
hectare (TOTCRN - %) and soil organic matter content (ORG
- %) of soil samples taken from outside the influence of
the tree canopy.

Hy: Soil organic matter content from outside the tree canopy,
is in part, a positive function of the percent total crown
cover per hectare of all woody perennials.

DEP VAR: ORG N: 13 MULTIPLE R: .467 SQUARED MULTIPLE R: .218
ADJUSTED SQUARED MULTIPLE R: .147 STANDARD ERROR OF ESTIMATE: 0.304

VARIABLE COEFFICIENT STD ERROR STD COEF TOLERANCE T P(2 TAIL)

CONSTANT 0.649 0.115 0.000 . 5.628 0.000
TOTCRN 0.045 0.026 0.467 1.000 1.752 0.107

ANALYSIS OF VARIANCE

SOURCE SUM-OF-SQUARES DF MEAN-SQUARE F-RATIO ) 4
REGRESSION 0.285 1 0.285 3.071 0.107
RESIDUAL 1.019 11 0.093

The results of the analysis suggest that the relationship
between crown cover is only slightly strengthened when total crown
cover is used as the independent variable instead of just other
species crown cover. From this it might be concluded that A. albida
has very little, if any effect on SOM outside of its crown area, but
that other woody perennials might have some limited effect in
increasing SOM.

While the variable CRNOTH accounts for all on-field woody
vegetation over one centimeter in diameter, it does not taken into
account the presence or absence of Guiera senegalensis. Nger is a
shrub of the Combretacae family which is very abundant on cultivated
and fallow fields in the study area. It is usually found in small
clumps and can represent a major percentage of tree/shrub crown cover
in some fields. Nger is a major source of fuelwood and is cut during
field preparation in May and June. It sprouts prolifically and the
sprouts are usually cut during the cropping season and it is only
after crops are harvested that it is permitted to grow. Most growth

thus occurs during the dry season and nger becomes a characteristic
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element of the countryside at this time. It is thought that the shrub
plays both a major role in soil conservation by reducing wind
erosion!?? and by providing additional organic matter through
litterfall (Louppe 1989).

While it was not possible to count and measure all the nger
clumps on all of the fields, the presence or absence of the shrub in
all of the fields was noted during the course of the biophysical
inventory. A strong presence (covering roughly 15-20% of the field)
was noted with a one while a weak presence was noted with a 0. Thus,
using the presence or absence of nger as a dummy variable in
combination with other species crown cover, an attempt was made to
ascertain whether nger has an impact on SOM. The hypothesis is:

Hypothesis 3.5

Hgs There is no relationship between crown cover per hectare

of species other than A. albida (CRNOTH), the presence or
absence of nger (GUER) and soil organic matter content
(ORG) of soil samples taken from outside the influence of
the tree canopy.

H,s Soil organic matter content from outside the tree canopy,

is in part, a positive function of the percent total crown
cover per hectare of all woody perennials, including nger.

DEP VARt ORG N: 13 MULTIPLE R: .640 SQUARED MULTIPLE R: .410
ADJUSTED SQUARED MULTIPLE R: .292 STANDARD ERROR OF ESTIMATE: 0.277

VARIABLE COEFFICIENT STD ERROR STD COEF TOLERANCE T P(2 TAIL)

CONSTANT 0.782 0.097 0.000 . 8.039 0.000
CRNOTH 0.091 0.039 0.588 0.910 2.311 0.043
GUER -0.332 0.175 -0.484 0.910 -1.901 0.086

ANALYSIS OF VARIANCE

SOURCE SUM-OF-SQUARES DF MEAN-SQUARE F-RATIO P
REGRESSION 0.534 2 0.267 3.471 0.072
RESIDUAL 0.769 10 0.077

1021he elevation of the nger clumps is always slightly higher
(mounds) than the surrounding area which suggests that it is effective
as a windbreak and in trapping and depositing fine soil elements
(probably silts and fine sand). According to farmers in the area as
well as our personal observation, millet and peanut production is
higher on these mounds than on surrounding areas.
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While the relationship between the presence or absence of nger
is significant (at the 95% confidence level, one-tailed), the
directionality is not as predicted. The results of the regression
suggest that in fields where nger is present at levels higher than 15-
20% crown cover, SOM is generally lower than in fields where nger is
not a significant part of the vegetation.

There may be at least a partial explanation for these results.
G. senegalensis may be an indicator of a "poor" site. Rodale (1989)
refers to the species a one which "quickly invades the exhausted sandy
soils of fallow fields". Von Maydell (1983) considers the species to
be an indication of overgrazing and reports that it is most frequently
associated with poorer sites (excessively leached, sandy and/or dry
sites).

Additionally, while G. senegalensis can produce abundant dry
matter, up to 600 kg/ha/year according to Louppe (1989), the
composition of the litter/debris may not make much of a contribution
to soil fertility. Jung (1966), in a comparison of litter nutrient
release from A. albida and G. senegalenis, found that A. albida and G.
senegalensis had a C/N ratio of 16.5 and 44, respectively. The lower
rate of nitrification with nger suggests that very little if any
nitrogen is being made available to higher plants. The C/N ratio
needs to be reduced to about 20 for any significant amount of N become
available to plants through mineralization (op cit.). Jung also found
mineral and nitrifiable N content to be three times higher with A.
albida.

In spite of the above, it is clear from observation and
discussions with farmers that nger does have a positive impact on crop
yields. More than likely, this impact is not due to the addition of
OM but through its role in intercepting soil elements transported by
wind and water erosion, thus increasing CEC and water retention
capacity. Research comparing the soil composition/granulometry and

water retention capacity of soils under nger and outside of nger
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appears to warranted particularly given the importance of nger as a
firewood species.
PFinally, one additional hypothesis remains to be tested. As
noted in the above description of soil types, soil type is also a
major determinant of SOM. 1In order to reflect soil type in the
determination of the role of other species in adding OM to the soil,
an additional dummy variable was used in the analysis. This
variable, named TYPE, indicates 0 for dior 1 for all other soil types.
The hypothesis is:
Hypothesis 3.6
Hys There is no relationship between crown cover per hectare
of species other than A. albida (CRNOTH), the soil type
(TYPE) and soil organic matter content (ORG) of soil
samples taken from outside the influence of the tree
canopy .
By Soil organic matter content from outside the tree canopy,

is in part, a function of the percent total crown cover
per hectare of all woody perennials, and soil type.

DEP VAR: ORG N: 13 MULTIPLE R: .836 SQUARED MULTIPLE R: .699
ADJUSTED SQUARED MULTIPLE R: .639 STANDARD ERROR OF ESTIMATE: 0.198

VARIABLE COEFFICIENT STD ERROR STD COEF TOLERANCE T P(2 TAIL)

CONSTANT 0.612 0.067 0.000 . 9.081 0.000
CRNOTH 0.040 0.028 0.262 0.939 1.465 0.174
TYPE 0.550 0.135 0.732 0.939 4.087 0.002

ANALYSIS OF VARIANCE

SOURCE SUM-OF-SQUARES DF MEAN-SQUARE F-RATIO P
REGRESSION 0.911 2 0.456 11.618 0.002
RESIDUAL 0.392 10 0.039

The results of the regression are as expected; the sandier dior
soils tend to have a lower SOM than the deck and dior noir soils and
the relationship is significant at a confidence interval of 99% (one-
tailed). The two variables CRNOTH and TYPE also account for 64% of OM
variance in the sample, significant at the 99% confidence level (one-
tailed).

While the number of samples is relatively small (n=13), in order

to determine the contribution of other species crown cover to SOM,
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organic matter (ORG) was then modeled as a function of other species
crown cover (CRNOTH), presence or absence of nger (GUER) and soil type
(TYPE)193, The results of the model, presented below suggest that
these three variables, all highly significant (99% confidence level
one-tailed), explain 84% of the variance in SOM in the sample.
Additionally, the tolerance values of the variables suggest that there
is little interrelationship between the variables. Finally, the model
itself is highly significant (99% confidence interval, one-tailed).

DEP VAR: ORG N: 13 MULTIPLE R: .940 SQUARED MULTIPLE R: .883
ADJUSTED SQUARED MULTIPLE R: .844 STANDARD ERROR OF ESTIMATE: 0.130

VARIABLE COEFFICIENT STD ERROR STD COEF TOLERANCE T P(2 TAIL)

CONSTANT 0.685 0.048 0.000 . 14.161 0.000
CRNOTH 0.062 0.019 0.402 0.853 3.261 0.010
TYPE 0.534 0.089 0.711 0.937 6.033 0.000
GUER -0.309 0.082 -0.450 0.908 -3.761 0.004

ANALYSIS OF VARIANCE

SOURCE SUM-OF-SQUARES DF MEAN-SQUARE F-RATIO P
REGRESSION 1.151 3 0.384 22.641 0.000
RESIDUAL 0.153 9 0.017

Results of this model suggest that Pieri’s formula be modified
by another tree factor "8" to account for the influence of other woody
perennials in providing organic matter to dior soils. The model
yields the following formula:

ORG = 0.062(CRNOTH) + 0.534(TYPE) - 0.309(GUER) + 0.685,
where © = 0.062 (CRNOTH).

Thus, a field with no trees (CRNOTH = 0) but with nger (GUER =
1) would have a SOM content of 0.376%. With CRNOTH at 1.3%, the

average of the 305 field biophysical inventory sample, SOM increases

103pn attempt was made to include in the model several other
variables including charrettes of manure used per hectare in 1988 and
1989 (MAN8889), presence or absence of parcage in 1988 or 1989
(PARCAGE as a dummy variable), as well as distance from the field to
the village as an indicator of the relative ease of transport of
manure from the compound to the field. The results, presented in
Appendix F, suggest that there is no relationship between any of these
variables and SOM.
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by 21.5% to 0.457%. This would represent an annual input of organic
matter from other woody perennials of 0.081% (0.062 X 1.3%) and the
value of k, would be reduced from 2.6% to approximately 2.5%.

Based on the 305-field inventory, © would range from a minimum
of 0 (0% crown cover on some fields) to a maximum of 2.208% (maximum
crown cover of 35.5% on one field). From a total farm perspective,
however, only 23 informants had an average "total farm other species
crown cover” higher than the mean; the majority of farms in the
survey do not tend to benefit from the presence of other on-field
woody perennials.

While the contribution of other species to SOM appears
relatively low compared to A. albida, it should be kept in mind that
the above analysis only involved soil samples taken from outside the
influence of the crowns of any woody perennial species. It is
expected the actual value of © to be higher if SOM levels under the
canopy of these other species were taken into account. Additionally,
as in the case of A. albida, the contribution of other woody
perennials to soil maintenance in NCPB farming systems is probably
greater than that reflected in the estimation of 6. The mosaic of on-
field trees would no doubt also have an influence on a (tillage
practices) in terms of soil conservation in general by reducing soil
loss due to wind erosion.

3.6 Conclusions and recosmendations

The preceding analysis suggests that degradation of dior soils
in the NCPB, while still a problem, may not be as serious as many
believe. Dior soils are in fact poor but resilient. A major
contributing factor to this resiliency is the role of A. albida and
other on-field woody perennials in providing and/or maintaining
organic matter content.

organic matter plays a critical role in terms of soil fertility
and crop yields on dior soils. The soils are composed primarily of

sand which are considered to be nearly chemically inert. The clay
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content of the soils is not only low but kaolinitic in nature and
therefore only weakly reactive. As a result, the structure and
productivity of the soil are almost entirely dependent on organic
matter content. Loss of organic matter content would appear to be an
excellent indicator of the rate of degradation of NCPB soils.

Pieri (1989) argues that for sandy soils such as dior soils,
organic matter loss per year is about 4% just by placing a field in
crops. He goes on to suggest that this rate needs to be modified by
coefficients which reflect tillage practices, use of cereal crop
residues, mineral fertilizer and crop rotations, as well as organic
matter inputs from manure. However, what appears to be missing from
Pieri’'s formula is the role of woody perennials in providing organic
matter.

We therefore suggest that Pieri’s formula be modified by two
"tree factors”", ® to reflect organic matter input from A. albida, and
O to reflect organic matter input from other woody perennials. Using
data from the biophysical inventory, it was found that the mean value
for ® in the sample to be 0.87% and © to be 0.08%. Thus, instead of
a 4% annual decline in SOM, the rate is estimated to be closer to
2.5%.

In reality, the contribution of woody perennials (including A.
albida) to NCPB farming systems is probably greater than that
reflected in the estimation of ® and © as the mosaic of on-field trees
would no doubt also have an influence a by reducing soil loss due to
wind erosion. For example, if the presence on on-field trees reduced
Pieri’s a from 1.2 to 1.1, the annual rate of organic matter loss
would be reduced by 0.4% to 2.1%. Thus, the presence of on-field
trees would nearly halve the estimated annual rate of organic matter
loss.

Sustainable agriculture in the NCPB requires continuous soil
maintenance to continue the productive capacity of the land

indefinitely. 1In turn, soil maintenance, particularly for dior soils,
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requires organic matter input, establishing production demands
consistent with the soil and water resources available and managing
the land accordingly. It will also require a mental shift among many
GOS8 personnel from production/commodity-based research and development
programs to programs which focus on conserving and enhancing the
natural resource base and its contribution to soil maintenance. While
soil maintenance does not exclude inorganic socil amendments or
production increases resulting from varietal research, it does require
a better balance between commodities programs and natural resource-
based agricultural research.

To maximize the sustainable production potential of most NCPB
farming systems, the productive capacity of the soil must be restored.
This requires a two-step approach. First, the existing resource must
be stabilized; that is, the soil and water must be retained within
the farming systems through erosion control and water conservation.

As the preceding analysis suggests, some farmers in the NCPB appear to
be doing just this through the use of indigenous on-farm trees and
shrubs which maintain levels of organic matter sufficient for low but
stable crop yields in average rainfall years.

Secondly, and for the majority of NCPB farmers, the soil must be
rebuilt and enhanced to its maximum productive capacity. 1In turn,
this will promote soil and water conservation. With the exception of
traditional techniques such as A. albida, manure and parcage, other
techniques for rebuilding the soil such as composting, green manure
crops and improved agronomic practices are not well known in Senegal,
or if known, have not been adopted. While some of these newer
techniques require little cash expenditure, many will require a
significant investment of labor. This means that the benefits of a
particular soil building technology need to exceed costs. 1In turn,
this requires more stringent research designs where benefits can

actually be demonstrated/proven rather than assumed. Moreover, costs
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and benefits of these "new" technologies need to be compared with the
traditional technologies; new is not always better.

Once this is achieved, a third stage would be to establish land
use and land management practices and production expectations that can
be sustained while maintaining the restored resource. It is at this
stage that the use of inorganic fertilizer and improved varieties can
begin to make significant increases in crop yields.

As with many countries in sub-Saharan Africa, Senegal has, in
the past, tended to focus on the third stage (commodities and
fertilizer) to the neglect of the first two stages. While the new
USAID/ISRA Natural Resource-Based Agricultural Research Project will
be a first step in reaching a better balance between
commodities/varietal research and soil maintenance, the following
recommendations are offered in the context of this new activity:

(1) Soil degradation problems and solutions in the NCPB and the
Peanut Basin in general need to be disaggregated by soil type.
While the above analysis focuses on dior soils, the results
would not be applicable to deck soils where erosion problems and
woody species are considerably different;

(2) Permanent soil sampling monitoring points on each soil type
need to be established in order to better quantify both the rate
and the extent of soil degradation.

(3) In the context of items (1) and (2), more work needs to be
done on Pieri's coefficients. 1In particular, the impact of on-
field trees on a (tillage practices) needs to be determined.

(4) More research attention needs to be accorded to
traditional methods of maintaining soil fertility in the
NCPB, including the role of indigenous trees and shrubs.
There is a tendency among many GOS and expatriate
personnel in Senegal to equate development and increased
yields with new, imported technologies and exotic species
to the neglect of traditional methods of maintaining the
soil base. A key research question to ask would be how
these traditional methods might be better adapted to meet
current ecological and socio-economic conditions.

(5) In terms of indigenous tree and shrub species, the role of
Balanites aegyptiaca, Piliostigma reticulata, Guiera
senegalensis and Cordyla pinnata, according to informants,
deserves particular research attention. Specifically for nger,
its action on the soil whether as a windbreak or as a provider
of SOM needs to be determined.

(6) Finally, one cautionary note is in order. Many farmers,
researchers and development workers in Senegal give considerable
attention to agroforestry as a means of addressing many soil
fertility problems in the NCPB. However, agroforestry should
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not be looked on as a panacea for the agricultural ills of the
region. Gains in crop yields from agroforestry technologies are
likely to be small. However, agroforestry’s major contribution
to agriculture in the NCPB will be to reverse the resource
degradation currently taking place and restore soil fertility
and organic matter to levels where the use of fertilizer and
improved crop varieties can begin to make significant gains in
crop yields.



Chapter 4

External Influences: the Impact of
Changing Agriculture Policy

"Un cad égal au moins un sac d'engraisl®4"

Mbaye Gueye, NCPB farmer
(Ndimb Diol)

4.1 Introduction

The analyses and conclusions presented in Chapter 3 suggest that
soil degradation in the NCPB, since the collapse of the bush fallow
system, may not be as severe as previously thought due to the
mediating presence of on-field trees, particularly A. albida. 1In this
context, one of the original but formally unstated hypotheses of this
research was that the A. albida system was in serious decline thus
jeopardizing soil fertility in the NCPB. This assumption was based on
discussions with GOS and expatriate personnel familiar with natural
resource problems in Senegal, on literature reviews, and on a brief
visit by the principal investigator to Senegal in 1988 to examine
ISRA/DRPF's agroforestry research and development programl®s.

However, during the course of the rapid rural appraisal and in
the initial village visits conducted by the principal investigator, it
became apparent that the system was experiencing a "renaissance” among
many farmers. This was later substantiated by the results of the
Biophysical Inventory which showed a relatively strong cad density in
the 1-5cm diameter class, as well as high rates of cad regeneration
for many informants. Figure 4.1 shows this dramatic increase in the
number of A. albida trees in the 1-5cm diameter class. Depending on

the nature of the tree (whether a root/stump sprout or a seedling) and

104Mganing that one A. albida tree is at least equivalent to one
sack of fertilizer.

105see seyler (1988).

150



151

the site, this represents an age class of approximately 1 to 6

yearsl®¢,

Dist. of A. abida by diameter dloss
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Source: Biophysical Inventory.
Figure 4.1

Distribution of A. albida
by Diameter Class

Results of the Biophysical Inventory also suggest that
regeneration rates!®’ for cad, while varying considerably from field
to field, also appear to be satisfactory. The mean regeneration rate
was 0.8 seedlings or sprouts per 100m? with a minimum of 0 and a
maximum of 10. Over one-half of the 305 fields surveyed had some cad
regeneration. If it is assumed that a minimum regeneration rate
required to sustain a population of cad of about 40 trees/ha would be
0.5 (the equivalent of 50 seedlings or suckers/ha), then 43% of the

1061n the field, it is virtually impossible to distinguish between
root suckers and seedlings. Cad is a prolific "sprouter” and root
sprouts are thought to have higher growth rates than seedlings
(Giffard 1971)), although this difference has not been quantified.
For seedlings, however, annual diameter growth rates are reported by
Mariaux (1966) to range from 0.61 to 2.9 cm, by Wickens (1966) to be
1.59 + 0.59 cm, and by Anon (1966) to range from 0.31 to 2.9 cm. The
wide variation in growth rates is due to both site differences and
genetic variability (Felker 1978).

107The regeneration rate per field is the average number of
seedlings or sprouts less than one centimeter in diameter taken from
three randomly selected 10m X 10m sample plots. The field
regeneration rate is the mean number of seedlings/sprouts of all three
plots, or the rate per 100m2.
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fields surveyed could be said to have an adequate regeneration rate.

The overall distribution of regeneration rates by field is presented
in Table 4.1.

Table 4.1
Distribution of Cad Regeneration Rates by Field
(Number and percent of fields)
Rate 3
Fields

Rate = 0 44.6
O<Rate<0.5 12.1
0.5<Rate<l 8.5

1<Rate<2 19.7
2<Rate<3 9.2
Rate > 3 5.9
Total 305 100.0 |

Source: Biophysical Inventory |

If one aggregates the field regeneration rates up to the total
farm level (the average of all fields), then nearly 23% of the
informants could be considered to have an adequate regeneration rate
while 30% have what would appear to be an excellent regeneration rate
as Table 4.2 indicates.

Table 4.2
Distribution of Cad Regeneration Rates by Farm

(Number and percent of Farms/Informants)

Rate = 0.0 11.1
O<Rate<0.5 34.7
0.5<Rate<l 23.6
1<Rate<2 19.4
2<Rate<3 9.7
Rate > 3 1.4
Total 100.0

Source: Biophysical Inventory |

Another "mystery" which surfaced during the course of the rapid
rural appraisal study and initial village visits and subsequently

confirmed by the Biophysical Inventory, was the relative scarcity of
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trees in the middle age/diameter classes. While there appeared to be
quite a few old trees and lots of younger trees and regeneration,
trees in the middle diameter/age class were few and far between.
Figure 4.1 above shows that on a per hectare basis, there are fewer
trees in the 6-10cm, 11-20cm and 21-30cm diameter class than in the
other classes. If one again assumes an average growth rate for cad of
between lcm and 1.5cm per year, this suggests that something rather
drastic happened to the NCPB's cad trees from roughly 1959 to 1986.

It was originally thought that at least part of the reason for
the absence of middle diameter class trees was due to the great
drought of the late 1960’s early 1970’s which more than likely would
have had an impact on regeneration and on system trends as a whole.
Forage/fodder scarcity during the drought would have also probably
contibuted to the decline of the system during these years. However,
an analysis of the internal factors which might affect the system as
presented later in Chapter 7 suggests that while water table depth and
fluctuations have an impact on cad, there is no apparent relationship
between cad and rainfall per se.

During the initial village visits and in subsequent group
discussions with farmers it became clear that certain external
factors, particularly the removal of fertilizer subsidies under the
GOS's structural adjustment/New Agricultural Policy program, were
having a positive impact on the system. Comments like the ones at the
beginning of this chapter were heard from both informants and other
farmers in the NCPB. Unable or unwilling to purchase fertilizer at
the unsubsidized market price, many farmers appeared to be returning
to the traditional A. albida system for nutrient input and soil
stabilization.

At the same time, other external factors such as land and tree
tenure, formal education, agriculture and forestry training, and
extension contact, while deemed important at the proposal writing
phase of the study, appeared to have little impact on the system. The
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purpose of this chapter, therefore, is to further explore and attempt
to quantify the impact that certain external inputs or influences from
other social systems may be having on the A. albida system.

4.2 Changing agricultural policy and the A. albida systea

4.2.1 Perceived long and short-term production trends, problems and
solutions

The first step in exploring the impact of changes in
agricultural policy on the A. albida system was to attempt to
differentiate between longer-term production trends and problems (over
the past ten years) and shorter-term trends and problems (over the
past two cropping seasons) in order to ascertain the relative
importance of soil degradation/A. albida in terms of informants’
planning/time horizons.
4.2.1.1 Perceived longer-term production trends and problems

Informants were asked to describe their production trends over
the past 10 years by major crop. If informants perceived yields for a
particular crop to be declining over the longer term, they were then
asked to specify the reason for the decline. Results are summarized

in Table 4.3.

Table 4.3
Perceived Longer-Term Production Trends

(Number and Percent of Responses)

Production Peanuts
Trends No. Per.

Increase 0 0.0
Decrease 72 100.0

No change 0.0
No response 0.0
Total 100.0

Source: Survey

The overwhelming perception of decreased yields for millet,
cowpeas and peanuts is shared by nearly all informants. Only four
informants (5.6%) felt that millet yield have increased while only one
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farmer believed that cowpea yields have increased. All informants
considered peanut yields to have decreased over the longer term.

According to those informants who perceived a decrease in
yields, the most significant factor affecting agricultural
productivity over the long term was declining soil fertility. 8oil
related problems (declining soil fertility, increased wind and water
erosion, reduced fallow periods and reduced tree cover) accounted for
nearly 508 of responses. Poor rainfall and lack of agricultural
inputs accounted for 20.2% and 24.3% of responses respectively,
followed by pest-related problems (8.0%). Results are summarized in
Table 4.4.

Table 4.4
Perceived Reasons For Decline In Yields
over The Longer-Term
(Number and Percent of Responses)

Peanuts
No. Per.

s/
(]
2

Reason

35 18.8
24

Poor rainfall

More wind erosion
More water erosion
Declining fertility
Lack of inputs
Pests

Reduced fallow

No tree cover

Total responses
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Source: Survey data.

4.2.1.1.1 Perception of field quality compared with perceived long-
term problems

As a means of cross checking informant perceptions of soil
fertility, informants were also asked to describe the "quality” of
their fields during the biophysical inventory. It was believed that
fertility problems and soil quality become much more apparent (and

responses more "honest”) when actually walking in the fields.
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Responses are presented in Table 4.5. Results suggest that
perceived reasons for declines in yields are roughly matched by
informant perceptions of field quality. Nearly one half of the fields
(49.6%) surveyed were considered by informants to be "fair" or fairly
fertile. Some fields were considered to be fairly good but were
subjected to some wind erosion (11.5%) and water erosion (0.7%). 1Im
sum, fields considered to be good or fairly good accounted for over
60% of the total fields surveyed.

The remaining fields were considered by informants to be "poor"
or infertile due to: wind erosion (20%), no fertilizer trees or
fallow (8.5%), a combination of water and wind erosion (5.6%), water
erosion only (1.3%8), gravel on the surface (1%) and gravel combined
with water erosion (1%). Wind erosion and "soil infertility" caused
by lack of fertilizer, fallow or trees were the main soil problems
according to informants.

Table 4.5
Informant Perception Of Field Quality
(Number and Percent of Fields)

Qualigx Percent

Fertile-fair 49.6
Poor-gravel
Poor-eroded-rain
Poor-eroded-wind

Fairly good-rain eros.
Fairly good-wind eros.
Poor-rain and wind eros.
Poor (no fert./trees/fallow)
Poor gravel-wind eros.

Total responses
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Source: Survey data.

4.2.1.2 Short-term production trends and problems
Informants were asked whether they felt their crop production

over the past two years (cropping seasons 1988 and 1989) was
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sufficient to cover family needs!®®., The results are presented in
Table 4.6. The majority of informants indicated that production of
all major crops (millet, peanuts, cowpeas and peanut and cowpea hay)
was not adequate to meet household needs for both years. However,
according to informants, needs were better met in 1989 than in 1988.
This difference is due primarily to: (i) higher rainfall in 1989 (an
average of 645mm in 1989 compared with 547mm in 1988); and (ii) locust
attacks in 1988.

More informants perceived millet and peanut hay production to be
sufficient in both years compared with peanut, cowpea and cowpea hay
production. This makes sense in terms of millet as it is the staple
food crop of the region and more effort and resources go into its
production than for other crops. Similarly, the difference for
cowpeas is probably due to the fact that cowpeas are a relatively new
crop in the NCPB and only a small percentage of informants actually
had any experience growing them. As an example, informants who did
not even grow cowpeas tended to say that their cowpea production was
insufficient.

Perceived differences between peanut and peanut hay production
are more difficult to explain. Both are considered to be cash crops
in the sense that the majority of peanut hay from the NCPB is
lold/oxported from the system (Rodale 1989). This being the case, it
would be expected that informants who perceive peanut pod production
to be insufficient in a given year, would also perceive peanut hay

production to be inadequate. This discrepancy may in part be related

108phis is obviously a very leading question. To ask any farmer
whether he/she produced enough to meet his family needs depends a
great deal on what the farmer’s needs and aspirations actually are.
The original purpose behind asking the question was to attempt to
determine if there was a difference in cad density between informants
who perceive crop yields to be sufficient and those who did not. The
hypothesis was that farmers who perceive their production to be
sufficient would tend to have more cad and other trees on their farms.
Unfortunately, there were too few informants who perceived crop
production to be sufficient to make a meaningful comparison between
the two groups.
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to two factors. PFirst, little fertilizer (particularly
phosphorous!®®) is used on peanuts or any other crop since the
inception of the NAP. As will be discussed later in this chapter,
farmers now tend to rely on A. albida and other trees and shrubs for
organic matter and nutrient input. The higher N levels under cad
trees tend to favor peanut green matter rather than pod production
(Louppe 1989) and this may account for the perceived difference.

Second, as above ground peanut biomass develops first and only
much later in the season do the peanuts put on much growth and
development, it may be that in years of poor peanut yield (e.g.,
drought conditions), the farmer might still be able to have a
harvetable and saleable peanut biomass crop.

Table 4.6
Perceived Production Trends 1988-1989
(Number and Percent of Responses)

Crop/Year Sufficient Insufficient
No. No. Per.

Millet 1989 75.0
Millet 1988 84.7
Cowpeas 1989 79.2
Cowpeas 1988 95.8
Peanuts 1989 90.3
Peanuts 1988 95.8
Peanut hay 1989 77.8
Peanut hay 1988 81.9
Cowpea hay 1989 93.1
Cowpea hay 1988 95.8

Source: Survey data, n=72.

Perceived short-term production problems by major crop for 1988
and 1989 are presented in Tables 4.7 and 4.8 below. For millet in
1989, pest/weed problems, poor quality land and lack of fertilizer
accounted for 33.0%, 21.7% and 16.5% of responses respectively. Poor
rainfall and shortage of labor accounted for only 8.3% of responses

each. Major perceived production problems for cowpeas were seed

1097he fertilizer recommendation for peanuts in the NCPB is 150
kg/ha of 6-20-10 (Kelly 1988).
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availability (22.7%), poor quality land (18.7%), lack of fertilizer
(13.3%) and pest and weed problems (13.3%).

For peanuts in 1989, the majority of farmers indicated that seed
availability was the major production problem accounting for over 44%
of responses!l®. Poor quality land, lack of fertilizer and
pest/weed problems accounted for 14.4%, 15.3% and 8.5% of the

remaining responses respectively.

Table 4.7
Perceived Production Problems For Major Crops in 1989
(Number and Percent of Responses)

Problem Peanuts
No. Per

Seed availability
Poor rainfall
Insufficient land
Insufficient labor
Poor land

Lack of fertilizer
Lack of trac.anim.
Poor variety seed
Late planting
Pests/weeds

Total responses
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Source: Survey data

Perceived production problems by major crop in 1988 were similar
to those in 1989 with two exceptions; poor rainfall and pest/weed
problems accounted for a higher frequency of responses for reasons as

previously mentioned.

110ynfortunately, no attempt was made to differentiate between
seed availability and reluctance to purchase peanut seed because of
its (now unsubsidized) price.
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Table 4.8

Perceived Production Problems For
Major Crops in 1988

(Number and Percent of Responses)

Problem Peanuts
No.

Seed availability 48
Poor rainfall 21
Insufficient land 5
Insufficient labor 4
Poor land 19
Lack of fertilizer 18
Lack of trac.anim. 1
Poor variety seed 0
Late planting 3
Pests/weeds 32
Total responses
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Source: Survey data.

As short-term production problems vary from year to year, per-
ceived problems were combined for 1988 and 1989 and the results are
summarized in Table 4.9. At the farm level (all major crops), the
most important problems cited by informants are pest/weed problems
(23.2% of responses), followed by seed availability (21.2%), poor
quality/infertile land (16.3%) and lack of fertilizer (13.9% of total
responses) .

4.2.1.3 Parmer-based solutions to maintaining soil fertility and
increasing crop yields

Responses to the preceding questions suggest that in terms of
declining soil fertility, many informants make a distinction between
the long term and the short term. 1In the longer term, soil-related
problems (declining soil fertility, increased wind and water erosion,
reduced fallow periods and reduced tree cover) accounted for nearly
50% of responses. In the shorter term, soil-related problems (poor
quality land and lack of fertilizer) accounted for only 30.2% of
responses. Of more immediate concern to informants in the short-term

were problems related to seed availability and pests and weeds.
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Table 4.9

Combined Perceived Production Problems For
Major Crops in 1988 and 1989

(Number and Percent of Responses)

Problea All Crops
No L]

Seed
availability
Poor rainfall
Insufficient
land
Insufficient

N
w [
. .
N

[y
ONUNO VWO

fertilizer
Lack of
trac.anim.
Poor variety

5
6.7
9.2
7.0
2.2
0.0
0.9
2.6
0.0
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Late planting
Pests/weeds
Total responses

Source: Survey data.

This distinction between long and short term is also apparent in
perceived farmer solutions to soil infertility and decreasing yields.
In an open-ended question, informants were asked to imagine themselves
as President of Senegal and indicate how, as President, they would
ensure that farmers in the NCPB: (i) could maintain soil fertility;
and (ii) could increase crop yields.

As was expected, this question generated a considerable amount
of discussion as well as a wide variety of responses. However, for
both questions, responses could be grouped into several broad
categories. For the question concerning maintenance of soil
fertility, groups included solutions based on: (i) the use of
inorganic fertilizer; (ii) the use of manure; (iii) the use of trees;
(iv) cropping practices; and (v) "miscellaneocus” (Table 4.10). Of
particular interest is the fact that the overwhelming majority of
proposed soil fertility/maintenance solutions were based on the use of
manure, trees and improved cropping practices. These three categories

alone accounted for over 75% of total responses (24.5% for manure,
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39.7% for trees and 11.3% for improved cropping practices). Moreover,
direct reference to A. albida accounted for 29.5% of total responses.

Somewhat surprisingly, the use of inorganic fertilizer accounted
for only 20.5% of soil fertility solutions. This suggests that the
majority of informants equate the maintenance of soil fertility more
with traditional practices than with the use of inorganic fertilizer.

While some responses to this question were probably clouded by
informants’ desire to provide the "correct" response (this was
afterall a study on A. albida), group discussions with informants and
other farmers regarding fertilizer (e.g., high price, difficult
access) suggest that farmers are more or less required to return to
traditional practices.

Contrary to solutions proposed for the maintenance of soil
fertility, informant solutions proposed for increasing yields centered
around the provision of seed and fertilizer in addition to general
changes in agriculture policy. These three categories accounted for
nearly 93% of responses while improved cropping techniques and the use
of trees accounted for only 5.9% and 1.2% of responses respectively.
Results are summarized in Table 4.ll.

4.2.2 Changing agriculture policy: a brief history

Responses to the above series of questions suggest that the
majority of informants make a distinction between maintaining soil
fertility and increasing yields. Proposed solutions to the former
center around the use of traditional technologies (i.e., the use of
manure, cad and other on-farm trees), while proposed solutions to the
latter tend to center around policy (credit/pricing) and more modern
technologies (fertilizer).

Unfortunately, this distinction has, until recently, not been
taken into consideration by the GOS. Since the 1970’'s (when much of
the original research on the cad system and other traditional methods

of maintaining soil fertility were abandoned), the GOS and donors have
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Table 4.10

Proposed S8olutions To Maintaining S8oil Fertility
(Frequency and Percent of Responses)

.
Proposed solution No. Per.
Solutions based on fertilizer
Lower the price of fertilizer 18 11.9
Provide fertilizer free of charge 9 6.0
Have closer sale points for fertilizer 4 2.6
Subtotal 31 20.5

Solutions based on manure
Encourage farmers to use more manure 22 14.6

Give cows to farmers to increase manure 1 0.7
Increase livestock numbers for manure 6 4.0
Use more "parcage” 7 4.6
Provide credit to purchase animals 1 0.7

Subtotal 37 24.5

Solutions based on cropping practice

[V

Encourage farmers to respect fallow
Encourage farmers to follow crop rotations
Follow advice of extension agents

Develop new soil regeneration techniques
Have CERPS rent tractors to farmers
Encourage deep plowing

NN O

Subtotal

[

Solutions based on trees

Provide cad seed to farmers

Protect existing field trees

Increase number of good field trees
Provide a village nursery for cad

Protect cad and other species regeneration
Plant cad and other "soil fertility" trees
Adopt agroforestry techniques

Provide plants for windbreaks

Provide village nurseries

[y
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Subtotal 6

w

Miscellaneous

More equal distribution of land

Have a "soil fertility" project

Have a better weed control program

Create a national soil conservation service
Subtotal
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Source:

Survey data.

tended to focus agriculture research and development programs on
"modern” technologies (fertilizer response, animal traction and
improved varieties), and on macro-economic issues (generally to

facilitate adoption of these techniques), to the neglect of
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traditional methods of maintaining the soil base. In turn, these R&D
programs were a major determinant of agricultural policy.

The underlying premise of these policies, whether based on
heavily subsidized inputs or a more free market approach, was
accelerated agricultural development. In either case, however, little
attention was accorded to the impact of changing agricultural policy
on the natural resource base. However, as Kyle (1989) points out, the
micro-economic adjustments made by individual farmers to these policy
changes not only drive macro-outcomes but simultaneously influence
environmental impact through changes in natural resource use patterns.
While changes to the environment are unavoidable if accelerated
agricultural development is to be achieved, the issue becomes one of
whether changes are sustainable, particularly in terms of soil and
water use, or if they alter the ecological balance to the extent that
soil, water and other assets cannot be maintained over the long term.

In order to understand the impact of changing agricultural
policy on natural resources in general and the A. albida system in
particular, a brief history of major agricultural policy changes in
Senegal is required. The following description of these changes draws
primarily from Abt Associates (1985) and USAID (1991).

Prior to independence in 1960 and the end of 1989, Senegal’'s
economy passed through five major economic policy and/or program
changes related to the agricultural sector (USAID 1991). The first of
these phases, the colonial period, was geared to developing and
sustaining a colonial export economy based on peanuts produced by
traditional peasant agricultural methods (Abt 1985). An expanding
peanut trade provided the main source of foreign exchange for the
economy, revenues for the state and cash income for the rural

populations. The phase was characterized, inter alia, by a high
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degree of state intervention to stimulate and maintain peanut
production, including distribution of seeds and other inputs, setting
producer and export prices and the dates for the opening and closing
for the peanut trade and food loans to tide farmers over the hungry
season (the "période de soudurelll"),
Table 4.11
Proposed Solutions To Increasing Crop Yields

(Frequency and Percent of Responses)

Perceived solution

Solutions based on fertiliszer

Provide free fertilizer

Lower fertilizer prices

Have closer sale points for fertilizer
Subtotal

Solutions based on seed

Provide more and better quality seed

Provide free seed

Lower price of seed

Provide for free sale of seed
Subtotal

Solutions based on cropping techniques
Respect cropping techniques
Farm less land better
Better weed/pest control techniques
Develop better ag techniques and follow-up
Develop better implements
More use of manure and fallow

Subtotal
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Solutions based on credit/policy

Provide cheaper agriculture credit

Rethink NAP (return to SODEVA)

Reduce price of tools/implements

Give food (soudure)

More equal distribution of land
Subtotal

No =&

[

Solutions based on trees

Encourage use of cad

Develop a better field tree policy (agroforestry)
Subtotal

Source: Survey data.

1llphe "période de soudure” is from the end of the dry season
through the rainy season and until crops are harvested. Foodstocks
have been depleted or are low during this time.
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The second period, from 1960 to 1966, began with independence
and was characterized by good weather, the initiation of the 20-year
"Programme Agricole” and preferential treatment for exports
(especially peanuts) by the French. Senegal was one of the African
states which opted for "African Socialism” and the over-riding
philosophy was that the state, and especially an enlightened
bureaucracy would manage the economy for the benefit of all of its
citizens. This philosophy translated into extensive price controls,
subsidies and state owned and managed industry. An extensive
cooperative system was created, almost exclusively concentrated on
providing credit and inputs to the peanut producing regions and peanut
marketing. By 1963, about 80% of the cooperatives had been
established and were controlled and managed by state agents. Even at
the outset, loan repayment rates were low (68%). In 1965, the GOS
began its "Programme Agricole"” (Agricultural Program) whose main
objective was to increase peanut production and yields by introducing
new techniques (improved seed, line seeding, animal traction and
mineral fertilizer) and by providing cheap credit in order to
facilitate farmer adoption of these new techniques.

The third period, from 1967 to 1980, is characterized by
thirteen years of fluctuating output and increasing agriculture sector
deficits. This period begins with the loss of French preferential
treatment for peanut exports in 1967 and ends with the termination of
the "Programme Agricole” in 1980. It encompasses the creation, growth
and eventual dissolution of ONCAD (Office Nationale de la Coopération
et d’'Assistance pour le Développement), the creation of 83 regional
development authorities and other state-owned and operated agencies,
Senegalisation of the economy, several bad weather years resulting in
the forgiveness of agricultural credit, growth and eventual
discrediting of state controlled cooperatives, and the worldwide
commodity crisis. The cooperatives were under the control of ONCAD,

which was also responsible for the sale of agricultural commodities,
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determination of cooperative credit and their input needs. By 1970,
there were 1870 cooperatives with 1060 specific to peanuts. ONCAD
staff increased from an initial level of about 450 to over 2900 in
1979, when personnel costs accounted for about one half of the ONCAD
budget. Credit repayment rates decreased to 48% in 1979 but
agricultural credit was forgiven three times in the 1970’s and again
in 1980 when ONCAD was dissolved.

The fourth period, from 1981 to 1983, is considered to be a
transitory stage and the beginning of stabilization (USAID 1991).
SONAR (Société Nationale pour l’Approvisionnement du Monde Rural) was
created to replace ONCAD and all agricultural credit was suspended.
Deficits, partly from ONCAD and now from SONAR, built to crisis levels
and SONAR was dissolved. SONAR’s main function was the provision of
seed and fertilizer to the peanut sector. The World Bank'’'s first
structural adjustment loan (SAL-1) was approved in December 1980. The
SAL-1 program was aimed at improving parastatal efficiency, increasing
producer and exporter incentives, raising productivity of investments,
containing urban consumption and a wide range of institutional and
policy reforms in the agricultural sector. SAL-1 was considered a
failure as a result of: (i) two bad weather years (1979/80 and
1980/81); (ii) its use of inaccurate and incomplete information (debt
and arrears were much higher than originally thought); (iii)
excessively optimistic forecasts; and (iv) GOS inaction. As a
result, virtually no progress was made on policy reform. High world
peanut prices led the GOS to increase the producer price by 43% in
1981, and when world prices fell in 1982, the deficit exploded. The
second phase of SAL-1 was postponed and the outstanding balance was
canceled in June 1983.

The fifth period, from 1984 to 1989 could be considered as the
stabilization and structural adjustment period. The "Nouvelle
Politique Agricole" (New Agricultural Policy--NAP) was formulated in

1986 and state disengagement from the agricultural sector began. The
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NAP aims to diversify agricultural production away from reliance on
peanuts and reduce government involvement in the agriculture sector
through restructuring of rural development agencies and privatization
of input distribution, credit and marketing services previously
performed by parastatals. Subsidies on agricultural inputs
(particularly fertilizer) were reduced and eventually eliminated in
1988. Price and marketing controls on cereal grains (except rice)
were also eliminated.

4.2.2.1 Indicators of changing agriculture policy: fertiliszer
subsidies and area in peanuts

Perhaps the best way to visualize these periods and their impact
on farmer decision making is examine two key indicators of changing
policy; fertilizer subsidies and crop area in peanuts. Figure 4.2
shows the relationship between the percent fertilizer subsidy and
percent of total arable area in peanuts from 1965 to 1989 for the
Departments of Thias and Diourbelll2,
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Source: Data are from USAID (1991).

Figure 4.2
Relationship Between Percent of Fertilizer Subsidy
and Percent of Crop Area in Peanuts

12pata from these two departments were used in the analysis as
the majority of study villages fall within their domain.
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From the graph, it is obvious that there is a direct
relationship between fertilizer subsidies and area in peanuts. 1In
order to quantify this relationship, regression analysis was used to
test the following hypothesis:

Hypothesis 4.1

Hgt There is no relationship between the amount of fertilizer

subsidy (SUBPC in percent) and percent of total arable
area in peanuts for the departments of Thids and Diourbel
(PERPEA) .

H,: Cropping area in peanuts (PERPEA) is a positive function
of the amount of the fertilizer subsidy.

DEP VAR: PERPEA N: 24 MULTIPLE R: .703 SQUARED MULTIPLE R: .494
ADJUSTED SQUARED MULTIPLE R: .471 STANDARD ERROR OF ESTIMATE: 6.090

VARIABLE COEFFICIENT STD ERROR STD COEF TOLERANCE T P(2 TAIL)

CONSTANT 32.167 3.147 0.000 . 10.221 0.000
SUBPC 0.303 0.065 0.703 1.000 4.634 0.000

ANALYSIS OF VARIANCE

SOURCE 8UM-OF-SQUARES DF MEAN-SQUARE F-RATIO P
REGRESSION 796.309 1 796.309 21.471 0.000
RESIDUAL 815.914 22 37.087

The results of the regression suggest that the relationship
between fertilizer subsidy and area in peanuts is highly significant
(at the 99% confidence level); as fertilizer subsidies increase
farmers tend to plant more of their land in peanuts. However, the
model has only a weak predictive power (an adjusted R squared of only
.474). Obviously other factors, particularly the price of peanut seed
(or subsidy) would enter into the equation. As time-series data on
peanut seed prices were unavailable, this hypothesis could not be
tested!?3,
4.2.2.2 The MAP and informant decision making

Clearly agriculture policy has an impact at farm-level decision
making. While informants were not asked specific questions about the

113pdditionally, no attempt was made to "lag" the data to
determine if the model could be strengthened.
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impact of the NAP, results from the Biophysical inventory suggest that
there is indeed an impact in terms of both cropping patterns and soil
management methods.

During the course of the Biophysical Inventory, informants were
asked to provide the cropping history for each field in their
possession from 1985 to 1989. The results, summarized in Figure 4.3,
suggest that the percent of the total study area!!* in peanuts
decreased during this time period while the area in cowpeas and millet
increased!!®. As the percent of total area in fallow and manioc
during this period remained relatively constant, informants appear to
be shifting production from peanuts to millet and cowpeas. These
trends are also supported by DA/DISA datallS,

In terms of soil conservation/fertility measures, results of the
Biophysical Inventory, presented in Figure 4.4, suggest that while
perceived fertilizer use among informants was practically non-existent
and the use of parcage and fallow were fairly constant for the 1985 to
1989 period, there was a significant increase in the use of manure.
Moreover, if one assumes a 1 cm annual growth rate for A. albida, the
distribution of cad trees/ha by age class for the total study area has
increased dramatically since 1985. This suggests that as fertilizer
use is declining in the study area due to the impact of the NAP, the
use of more traditional practices of maintaining soil fertility such

as manure and A. albida is increasing.

1l4phe total hectareage of all fields inventoried.

11558 Figure 4.3 indicates, the area in millet fluctuates
considerably from year to year. This is primarily a function of
rainfall; if rainfall is poor one year and millet yields are low,
farmers tend to plant more of their farm area in millet the next year
to compensate for losses. If rainfall is high one year and millet
yields good, farmers tend to devote more of their cropping area to
peanuts and/or other cash crops the next year.

1l16g9e USAID (1991).
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Figure 4.3
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Figure 4.4
Soil Fertility Measures 1985 to 1989
4.2.2.3 The relationship between A. albida and fertilizer subsidies
and area in peanuts
The above analysis suggests that structural adjustment/NAP has
had at least two impacts on agriculture in the NCPB. First, it has
led to a decrease in the area in peanuts and a concurrent shift from

peanuts to millet and cowpeas. Second, it has decreased the use of
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fertilizer, obliging farmers to return to more traditional methods of
maintaining soil fertility. 1In turn, these tentative conclusions led
to the formulation of two general hypotheses with regard to the
relationship between the A. albida and changing agricultural policy.
The first is that when fertilizer is cheap (i.e., highly subsidized
and/or credit is forgiven as during the Programme Agricole period),
farmers, being economically rational individuals, find it easier and
cheaper to use fertilizer to maintain soil fertility tatﬁer than to
take care of their cad trees!!’.

The second general hypothesis is that peanut culture has had a
negative impact on the cad population in general. One of the
difficulties often cited by farmers during group discussions is that
it is easier to cultivate around cad seedlings/sprouts in millet
fields where the spacing between plants is fairly large (1.0m to 1.2m)
than in peanut fields where spacing between plants is much narrower
(0.30m to 0.60m). This problem is exacerbated by the fact that the
majority of the farmers follow crop rotations.

The plant spacing problem also has significant implications
during crop harvest. While millet heads stalks are harvested by hand,
peanuts are harvested using a horse or donkey drawn "lame
souleveuse!l®" whose 0.30m to 0.40m blade leaves little between row
room for manoeuvering around seedlings. This would suggest that an
overall decrease in the area in peanut culture in the NCPB would have
a positive impact on the cad population.

In order to test these hypotheses, the first step was to
estimate the age class of the cad trees inventoried. Growth rates of
cad are highly variable and depend both on site and a considerable

amount of genetic variation (Felker 1978). Moreover, in the field, it

1175 will be discussed in Chapter 5, use of the cad system does
entail certain costs to the farmer, particularly an increased labor
input.

1181,iterally, "lifting blade".
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is virtually impossible to distinguish between root suckers and
seedlings. Cad is a prolific sprouter and root sprouts tend to have
higher growth rates than seedlings (Giffard 1971)) although this
difference has not been gquantified. For seedlings, however, annual
diameter growth rates are reported by Mariaux (1966) to range from
0.61 to 2.9 cm, by Wickens (1966) to be 1.59 + 0.59 cm, and by Anon
(1966) to range from 0.31 to 2.9 cm.

Based on the above research and on discussions with farmers
about the age of certain trees!!?, it was decided to retain for
analytical purposes a growth rate of 1.2 cm/year!?°, Figure 4.5
shows the relationship between total cad trees/ha by year/age class
(LOGTOT), fertilizer subsidy (LOGSUB), and percent area in peanuts for
the Departments of Thids and Diourbel (LOGPEA). In order for the
values for each variable to be on a similar scale, a natural log
transformation was used!?!., SYSTAT's quadratic smoothing function
was used to estimate the linear trend given the quadratic nature of
the original data.

As was expected, the ebb of cad population coincides closely
with the GOS’s "Programme Agricole” period where fertilizer subsidies
and area in peanuts were at their peak. In order to quantify these
relationships, regression analysis was used to test the following

hypotheses:

1191 geveral instances, informants knew the exact age of a
particular tree. Diameters for these trees were taken at ground
level and the mean diameter growth rate for these individual trees was
estimated at 1.2cm/year.

1201n reality, it did not make a real difference in terms of the
analyses which growth rate was ultimately used. The shape of the curve
remained essentially the same in all cases and only expanded or
contracted over time. Regression analyses on the different growth
rates all yielded similar results.

1217he logarithmic values for each of the variables were retained
for the analysis as this transformation contributed to better
linearity as indicated by a probability plot test.
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Hypothesis 4.2

Ho): There is no relationship between the distribution of A.
albida/ha by year/age class (LOGTOT) and the percent
fertilizer subsidy (LOGSUB).

H(;): The distribution of A. albida/ha by year/age class
(LOGTOT) is a negative function of the percent of
fertilizer subsidy (LOGSUB).

Bypothesis 4.3

Ho)t There is no relationship between the distribution of A.
albida/ha by year/age class (LOGTOT) and the percent of
total area in peanuts in the Departments of Thiés and
Diourbel (LOGPEA).

HE(1): The distribution of A. albida/ha by year/age class
(LOGTOT) is a negative function of the percent of total
area in peanuts in the Departments of Thids and Diourbel
(LOGPEA) .

The results of the both regressions suggest that there is indeed

a relationship between A. albida and changing agricultural policy.
For the first hypothesis, the directionality is as predicted and the
relationship between the distribution of cad by age class and rate of
fertilizer subsidy is highly significant (99% confidence level one-
tailed). Moreover, the predictive power of the model is good with an
adjusted R-squared of .548. In short, the null hypothesis must be
rejected. The distribution of cad over time is inversely related to

the amount of fertilizer subsidy.

DEP VAR: LOGTOT N: 23 MULTIPLE R: .754 SQUARED MULTIPLE R: .569
ADJUSTED SQUARED MULTIPLE R: .548 STANDARD ERROR OF ESTIMATE: 1.057

VARIABLE COEFFICIENT STD ERROR STD COEF TOLERANCE T P(2 TAIL)

CONSTANT 11.759 1.664 0.000 . 7.065 0.000

ANALYSIS OF VARIANCE
SOURCE SUM-OF-SQUARES DF MEAN-SQUARE F-RATIO P

REGRESSION 30.946 1 30.946 27.717 0.000
RESIDUAL 23.447 21 1.117
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Source: LOGPEA and LOGSUB are from USAID
(1991) and LOGTOT is from the Biophysical
Inventory.

Figure 4.5
Relationship Between A. albida Density,
Fertilizer Subsidy and Area in Peanuts from 1965 to 1989
Similarly, the relationship between the distribution of cad by
age class and total area in peanuts is also as predicted and the null
hypothesis must be rejected. The relationship is highly significant
(at the 99% confidence level one-tailed) but the model’s predictive
power is slightly less than the relationship between cad and
fertilizer, with an adjusted R squared of .423.

DEP VAR: LOGTOT N: 24 MULTIPLE R: .669 SQUARED MULTIPLE R: .448
ADJUSTED SQUARED MULTIPLE R: .423 STANDARD ERROR OF ESTIMATE: 1.172

VARIABLE COEFFICIENT STD ERROR STD COEF TOLERANCE T P(2 TAIL)

CONSTANT 20.326 4.085 0.000 . 4.976 0.000
LOGPEA -4.536 1.074 -0.669 1.000 -4.224 0.000

ANALYSIS OF VARIANCE

SOURCE SUM-OF-SQUARES DF MEAN-SQUARE F-RATIO P
REGRESSION 24.524 1 24.524 17.846 0.000
RESIDUAL 30.232 22 1.374

Data used and summary statistics for variables used in the

preceding analysis are found in Appendix G.
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4.2.2.4 The NAP and other species

The above analysis suggests that changing agricultural policy
has a direct impact on the cad system. While evidence is only
circumstantial or at best anecdotal, the NAP also appears to be having
a positive impact on other woody perennial species. One farmer (not
an informant) reported that given the difficulty and cost in obtaining
inputs for peanuts combined with the low producer price, he was now
taking better care of (and excluding others from use of) his on-farm
3izyphus mauritiana trees. For the past two years he had been
harvesting his "jujube” (2izyphus berries) for sale in both the local
market and in Thiads and Dakarl??,

Two informants reported that due to the impact of the NAP, they
intentionally left one field each in fallow for the past two years to
regenerate in Balanites aegyptiaca'?3. Their intention is to
harvest Balanites fruit for sale to artisanal oil pressers in Tilmakha
and Mékhé.

In general, there appears to be quite a trade in both primary
and secondary forest/tree products in the NCPB. Tables 4.12 through
4.16 provide information from the socio-economic survey on the number
of informants buying and/or selling, the price per unit and the
species for fodder/forage, food, medicinal, fuelwood and service wood
species.

1223yjubes (either fresh or dried) are a very common snack
available at almost every roadside stands in both rural and urban
areas throughout Senegal.

123poth fields had a substantial presence of older B. aegyptiaca
trees and literally hundreds of seedlings.
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Table 4.12

Fodder/Forage Species
Species Bought And Sold

quing

Selling

No. Price Unit No. Price Unit
(cfa) (cfa)

Species

Acacia albida 4 200 9 200

Acaclia raddiana 1 150 basin 1 100 basin
Balanites aegyptiaca 0 n/a n/a 1 250 pot
Celtis integrifolia 1 50 pile 0 n/a n/a

Source: Survey data.

When this information is compared with tree densities from the

Biophysical Inventory (see Appendix K), the results suggest that for
many of the above species, regeneration rates are relatively stable as
evidenced by the high proportion of trees in the 1-5cm diameter class.
In particular, such "high value” multi-purpose species such as A.
albida, A. raddiana, B. aegyptiaca, Borassus aethiopum, Prosopis
africana and 2. mauritiana all have relatively high densities in the
1-5cm diameter class.

Species such as Adansonia digitata, Cassia sieberiana, Grewia
bicolor and Parinari macrophylla, while showing no regeneration, are
nevertheless relatively well represented in the other diameter
classes. This suggests that there is more than likely some
regeneration of these species occurring which was not identified
during the Biophysical Inventory!?4.
4.2.2.5 The NAP and investment in agriculture/matural resources

During group discussions, many farmers remarked (rather
emphatically on occasion) that agriculture (particularly peanut
culture) under the NAP was no longer "rentable”, i.e., no profit could

be made on growing peanuts given the cost of the inputs and the low

124cad seedlings and seedlings of certain other species (e.g., B.
aethiopum and B. aegyptiaca) are easy to spot in the dry season as
they do not lose their leaves. However, seedlings of species such as
A. digitata and P. macrophylla are much more difficult to spot given
their deciduous nature. It is assumed that quite a number of
deciduous species seedlings in the 1-2cm range were missed during the
course of the Biophysical Inventory.
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Table 4.14
Fuelwood Species: Species Bought and Sold
(cfa)
—
Sell Buy

Species No. | Price | Unit | No. | Price | uUnit

Balanites aegyptiaca 0 0 0 1500 | charette
Parinari macrophylla 0 0 0 1000 | charette
Pterocarpus erinaceus | 0 0 0 1000 | charette

Source: Survey data.

N

Table 4.15
Service Wood Species: Species Bought and Sold
(cfa)

Sell Buy
Species No. Price Unit | No. Price Unit

inf. (cfa) inf. (cfa)
Acacia albida 1 600 4m 2 150/300 3m
Azadirachta indica 1 1500/2000 4m 0 n/a n/a
Borassus aethiopum 0 n/a n/a 1 500 3m
Eucalyptus spp. 1 600 4m 0 n/a n/a
Prosopis africana 0 n/a n/a 2 750/1000| 3m
Pterocarpus erinaceus 0 n/a n/a 2 300/500 3m

I Source: Survey data.
__

Table 4.16

Medicinal Species: Species Bought And Sold
(Frequency of Responses)

Sell Buy
Species No. Price | Unit | No. Price Unit
Res. | (cfa) Res. (cfa)
Cassia sieberiana 0 n/a n/a 2 50/100 | Pile
Ceiba pentandra 0 n/a n/a 1 50 Bag
Detarium microcarpum 0 n/a n/a 1 25 Pile
Grewia bicolor 0 n/a n/a 1 25 Pile
Pterocarpus erinaceus 0 n/a n/a 1 25 Pile
Terminalia macroptera 1 25/50 | Pile 0 n/a n/a
Vitex spp. 0 n/a n/a 1 100 Pile

Source: Survey data.
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producer prices. As a result, many farmers were seeking to expand
their extra-agriculture activities (discussed in Chapter 5) to
compensate for loss of income from peanuts and the absence of any
alternative cash crops.

In order to gauge if and how informants might reinvest money in
agriculture and/or natural resources, they were asked what they would
do if they won one million cfa (approximately $4000). Responses to
this open-ended question suggest that the majority of informants (43
or 59.7%) would not invest in agriculture at all should surplus funds
be available while 29 informants (40.3%) indicated that they would
invest at least a portion of these funds in agriculture. (In the case
of this study, agricultural activities are considered to be
investments directly related to cropping; 1livestock, other than
traction animals are not included.)

The results of what informants would do with this money are
presented in Table 4.17. PFor non-agricultural activities, the most
frequent responses were for building or rebuilding a house "en dur"”
(cement--22.6%) followed by assuring the supply of family food through
purchasing reserves (14.3%).

Agricultural activities accounted for 24.4% of all responses and
the most frequently cited investment possibilities were the purchase
or new tools and equipment (9.7%), seed (8.8%) and traction animals
(5.1%). One informant indicated that he would use the funds to rent
more land while another informant indicated he would like to establish
a fruit tree (mango) orchard with the money. Frequency of responses
for the purchase of livestock for extensive grazing and/or fattening
accounted for 18.9% of responses while religious activities (related
to the marabouts) and assistance to children or parents accounted for
6.0% and 6.9% of responses respectively.

No informant said that he would invest a portion of these excess
funds in any sort of land stewardship/natural resource management

activities for his farm. 1In spite of this finding, during the course
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of the study, it became apparent that some were farmers were meant to
be farmers (as evidenced by their knowledge of agriculture, soils, the
condition of their farms, etc.), while others were farmers simply for
lack of alternate employment opportunities. The preceding question
afforded the opportunity to explore the difference between these two
groups of farmers by testing the following hypothesis:
Hypothesis 4.4
Ho)t There is no difference in the cad regeneration rate
between informants who would invest in agriculture and
those who would not.
H;,: Informants who would invest all or part of the “extra®
money described above in agriculture activities would be

more likely to have a higher cad regeneration rate
(AALB1).
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Table 4.17

Actions Taken On Winning One Million CFA
(Frequency and Percent of Responses)

MISCELLANEOUS
Build/rebuild house
Assure family food supply (purchase food)
Purchase clothes
Take a second wife
Pay off debts
Invest in commerce
Purchase medicine
TOTAL MISC.

AGRICULTURE
Purchase seed
Purchase new ag material (tools/equip.)
Establish a fruit tree orchard
Acquire more land
Purchase traction animals
TOTAL AGRICULTURE

ANIMALS
Purchase animals ("de rente")
Purchase animals (fattening)
TOTAL ANIMALS

RELIGION
Purchase house in Touba
Purchase a prayer mat
Give to marabouts
Go to mecca

TOTAL RELIGION

AID/ASSISTANCE
Help parents
Help children

TOTAL AID

Source: Survey data.

Tukey’s HSD test was used (which accounts for unequal n’s) to
test this hypothesis. The results, presented below, indicate that
there is a significant difference (at the 90% confidence level one-
tailed) in cad regeneration rates between farmers who would invest in
agriculture and farmers who would not. Those farmers who indicated
that they would invest in agriculture had a mean regeneration rate of
1.0 while informants who indicated they would not invest in

agriculture had a mean regeneration rate of 0.70. The results suggest
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in part that informants who are likely to invest in agriculture are

also more likely to be protecting cad regeneration.

SUMMARY STATISTICS FOR AALBl

BARTLETT TEST FOR HOMOGENEITY OF GROUP VARIANCES

CHI-SQUARE = 4.282 DF= 1 PROBABILITY = .039
OVERALL MEAN = 0.829 STANDARD DEVIATION = 0.846
POOLED WITHIN GROUPS STANDARD DEVIATION = 0.837

T STATISTIC = =1.572 PROBABILITY = .120

4.3 Conclusions and recommendations

The preceding analyses suggest that the majority of informants
make a distinction between maintaining soil fertility and increasing
yields. Farmer-based solutions to the former center around the use of
traditional technologies (i.e., the use of manure, cad and other on-
farm trees), while solutions to the latter tend to center around
policy (credit/pricing) and more modern technologies (fertilizer).

Unfortunately, this distinction has not been taken into
consideration by the GOS and donors. Since the 1970’s (when much of
the original research on the cad system and other traditional methods
of maintaining soil fertility were abandoned), the GOS and donors have
tended to focus agriculture research and development programs on
"modern” technologies (fertilizer response, animal traction and
improved varieties), and on macro-economic issues (generally to
facilitate adoption of these techniques), to the neglect of
traditional methods of maintaining the soil base. 1In turn, these Ré&D
programs were a major determinant of agricultural policy.

The underlying premise of these policies, whether based on
heavily subsidized inputs or a more free market approach, was
accelerated agricultural development. In either case, little
attention was given to the relationship between natural resources and
agriculture in general, and the impact of changing agricultural policy

on the natural resource base in particular. However, the micro-
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economic adjustments made by individual farmers to these policy
changes not only drive macro-outcomes but simultaneously influence
environmental impact through changes in natural resource use patterns.
The analyses presented in this chapter suggest that these micro-
adjustments to policy changes made by farmers in the NCPB have had a
significant impact on the A. albida system.

Among the external variables examined including those in Chapter
6, changing agricultural policy appears to have had the biggest impact
on the A. albida system. Structural adjustment/NAP has resulted in a
decrease in use of fertilizer among informants obliging them to return
to more traditional methods of maintaining soil fertility. It has
also led to a decrease in the area in peanuts and a concurrent shift
from peanut culture to millet and cowpeas. In turn, these two actions
have had a positive impact on the A. albida system.

Using the percent fertilizer subsidy and percent of arable land
in peanut culture from 1965 to 1989 as indicators of changing
agricultural policy, it was determined that since 1965, there is a
highly significant inverse relationship between the amount of
fertilizer subsidy and area in peanuts, and the distribution of A.
albida by age class. This leads to two general conclusions. First,
when fertilizer was cheap (i.e., highly subsidized and/or credit is
easily forgiven as during the Programme Agricole period), farmers,
being economically rational individuals, found it easier and cheaper
to use fertilizer to maintain soil fertility rather than take care of
their cad trees. Conversely, the removal/reduction of fertilizer
subsidies under the NAP since 1986, has led to a return to more
traditional methods of maintaining soil fertility, including a
significant increase in the use of A. albida. Results of the
biophysical inventory suggest that nearly one half of the fields
surveyed have an adequate cad regeneration rate. When aggregated to

the farm level, 23% of informants have an adequate regeneration rate
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while 30% have an excellent regeneration rate, with an on-farm average
of 100 seedlings/sprouts per hectare.

Second, while there is also a highly significant relationship
between fertilizer subsidies and area in peanuts, it is also felt that
the reduction in area in peanuts and a shift to cowpea and millet
production has also had a positive impact on the A. albida system.
Many informants argued that it is difficult to associate cad with
peanuts due to the close between row spacing required for peanuts
which makes cultivating around cad seedlings difficult. Additionally,
mechanical peanut harvesting, according to informants, also causes
considerable destruction of cad seedlings. The results of the
analyses tend to support informant observations.

Additionally, while evidence was only anecdotal, changing
agricultural policy in the form of the NAP also appears to have had a
positive impact on other woody perennial species. Several informants
reported that due to the increased price of inputs for peanut culture
(particularly seed and fertilizer), certain on-farm tree resources
such as 2. mauritiana and B. aegyptiaca, represented a means of
replacing the income lost from peanuts. Results of the Biophysical
Inventory suggest that regeneration rates for certain of these high

value multi-purpose species are indeed quite high.



Chapter 5
OTHER EXTERNAL FACTORS
"Ca fait au moins six ou sept ans que les
gens des Eaux et Foréts viennet au

village!?5 "

Mohktar Gueye
NCPB Farmer (Bahkdas II)

5.1 Introduction

Chapter 4 examined the impact of changing agricultural policy on
the A. albida system. However, other external variables such as level
and type of informant formal education, level and type of agriculture
or forestry training, and contact with extension agencies involved in
forestry, natural resources and/or agriculture, might also have a
direct bearing on the use of the A. albida system. Similarly, it is
thought that the many forestry/natural resource-related projects
currently operating in the NCPB would also have some influence. The
general hypothesis here is that these types of variables would have a
positive impact on the system

Drawing on the both the Socio-economic survey and the
Biophysical Inventory, the purpose of this chapter is to explore the
realtionship between some of these variables and the A. albida system.
5.2 BRducation, Training and Extension!?¢
5.2.1 Pormal education and the A. albida system

Responses to the series of education-related questions in the
Socio-economic survey yielded a number of variables!?’ which could

be used to explore the relationship between formal education and the

1257¢t's been at least six or seven years since a forestry agent
has been to the village.

126pescription of variables, data and summary statistics for all
variables used in Chapter 5 analyses are found in Appendices L and M.

127these variables include percent of adult and youth household
members who are literate in French, Arabic and/or a local language.

186
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A. albida system. While all of these variables will ultimately be
used in the principal components analysis in Chapter 8, as a
preliminary indication of the importance of formal education, only one
variable - ATOTLIT (the percent of adults in a household who are at
least partially literate in one or a combination of French, Arabic,
Wolof or Serer) will be used at this level of analysis. Two
hypotheses will be tested. The first is:
Hypothesis 5.1
Ho): There is no relationship between farm/household literacy
rate (ATOTLIT) and average farm A. albida density/ha
(TOTCAD) .

H(;)t Average farm A. albida density/ha (TOTCAD) is a positive
function of household adult literacy rate (ATOTLIT).

DEP VAR: TOTCAD N: 72 MULTIPLE R: .056 SQUARED MULTIPLE R: .003
ADJUSTED SQUARED MULTIPLE R: .000 STANDARD ERROR OF ESTIMATE: 11.634

VARIABLE COEFFICIENT STD ERROR STD COEF TOLERANCE T P(2 TAIL)

CONSTANT 10.806 1.827 0.000 . 5.914 0.000
ATOTLIT 0.034 0.073 0.056 1.000 0.467 0.642

ANALYSIS OF VARIANCE

SOURCE S8UM-OF-SQUARES DF MEAN-SQUARE F-RATIO P
REGRESSION 29.474 1 29.474 0.218 0.642
RESIDUAL 9473.781 70 135.340

The results of the regression suggest that there is no
relationship between household literacy level and average cad density
per hectare per farm. The null hypothesis must be accepted.

The second hypothesis concerns regeneration rates of A. albida.
Given recent changes in agricultural policy and the NAP, it is
expected that households with a higher literacy rate would be more
cognizant of changing policies and are perhaps more inclined to begin
to protect cad regeneration in the absence of fertilizer subsidies.
The hypothesis is:

Hypothesis 5.2

Hig)ys There is no relationship between farm/household literacy

rate (ATOTLIT) and average farm A. albida regeneration
rate (AALBl).
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Hi;)s Average farm A. albida regeneration rate (AALBl) is a
positive function of household adult literacy (ATOTLIT).

DEP VAR: AALBl1 N: 72 MULTIPLE R: .187 SQUARED MULTIPLE R: .035
ADJUSTED SQUARED MULTIPLE R: .021 STANDARD ERROR OF ESTIMATE: 0.837

VARIABLE COEFFICIENT STD ERROR STD COEF TOLERANCE T P(2 TAIL)

CONSTANT 0.691 0.131 0.000 . 5.258 0.000
ATOTLIT 0.008 0.005 0.187 1.000 1.593 0.116

ANALYSIS OF VARIANCE

SOURCE SUM-OF-SQUARES DF MEAN-SQUARE F-RATIO P
REGRESSION 1.776 1 1.776 2.537 0.116
RESIDUAL 49.021 70 0.700

The results of the regression again suggest that there is no
relationship between household literacy rate and cad regeneration.
5.2.2 Agricultural training and the A. albida system

In terms of the possible influence of agricultural training on
the A. albida system, the dependent variables of TOTCAD and AALBl will
again be used with the independent variable of AGCOEF28, The
assumption is that contact with external systems such as agricultural
training would have a positive impact on the cad system. The
hypotheses are:

Hypothesis 5.4

Big) There is no relationship between formal agricultural

training (AGCOEF) and average per farm cad density per
hectare (TOTCAD).

H(,): Average per farm cad density (TOTCAD) is a positive
function of formal agricultural training (AGCOEF).

Hypothesis 5.5

H )t There is no relationship between formal agricultural
training (AGCOEF) and average farm A. albida regeneration
rate (AALBl).

H,)t Average per farm regeneration rate (AALBl) is a positive
function of formal agricultural training (AGCOEF).

128pGCOEF--"agriculture training coefficient.” This is a
composite variable which represents the number of agriculture training
sessions in which a farmer participated plus the number of those
sessions which discussed trees in agriculture and/or soil
conservation. AGCOEF was weighted by a factor of two.
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DEP VARt TOTCAD N: 72 MULTIPLE R: .079 SQUARED MULTIPLE R: .006
ADJUSTED SQUARED MULTIPLE R: .000 STANDARD ERROR OF ESTIMATE: 11.616

VARIABLE COEFFICIENT STD ERROR STD COEF TOLERANCE T P(2 TAIL)

CONSTANT 10.935 1.519 0.000 . 7.198 0.000
AGCOEF 0.521 0.790 0.079 1.000 0.660 0.512

ANALYSIS OF VARIANCE

SOURCE SUM-OF-SQUARES DF MEAN-SQUARE F~-RATIO P
REGRESSION 58.696 1 58.696 0.435 0.512
RESIDUAL 9444.559 70 134.922

DEP VAR: AALBl1 N: 72 MULTIPLE R: .039 SQUARED MULTIPLE R: .001
ADJUSTED SQUARED MULTIPLE R: .000 STANDARD ERROR OF ESTIMATE: 0.851

VARIABLE COEFFICIENT STD ERROR STD COEF TOLERANCE T P(2 TAIL)

CONSTANT 0.814 0.111 0.000 . 7.309 0.000
AGCOEF 0.019 0.058 0.039 1.000 0.324 0.747

ANALYSIS OF VARIANCE

SOURCE SUM-OF-SQUARES DF MEAN-SQUARE F-RATIO P
REGRESSION 0.076 1 0.076 0.105 0.747
RESIDUAL 50.721 70 0.725

The results of the regression suggest that there is no
relationship between formal agricultural training and either average
cad density per hectare per farm or cad regeneration rate. The null
hypothesis must be accepted for both of the above hypotheses. In sum,
agricultural training appears to have little if any impact on use of
the A. albida system among informants.

5.2.3 Frorestry training and the A. albida system

In terms of the possible influence of formal forestry training
on the A. albida system, TOTCAD and AALBl are once again used as the
dependent variables with FORCOEF!2® ag the independent variable.

The assumption is once again that contact with external "systems"”

129pORCOEF--"forestry training coefficient"--this is a composite
variable which represents the number of forestry-related training
sessions in which a farmer participates plus the number of those
sessions which discussed trees in agriculture and/or soil
conservation.
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providing forestry training would have a positive impact on the cad
system. The hypotheses are:
Hypothesis 5.7
H): There is no relationship between formal forestry training
:roncozfz and average per farm cad density per hectare

Hipyt Avorago per farm cad density (TOTCAD) is a positive
function of formal forestry training (FORCOEF).

Hypothesis 5.8

Ho): There is no relationship between formal forestry training
(FORCOEF) and average farm A. albida regeneration rate
(AALB1) .

H(;): Average per farm regeneration rate (AALBl) is a positive
function of formal agricultural training (FORCOEF).

DEP VAR: TOTCAD N: 72 MULTIPLE R: .065 SQUARED MULTIPLE R: .004
ADJUSTED SQUARED MULTIPLE R: .000 STANDARD ERROR OF ESTIMATE: 11.627

VARIABLE COEFFICIENT STD ERROR STD COEF TOLERANCE T P(2 TAIL)

CONSTANT 11.673 1.478 0.000 . 7.898 0.000
FORCOEF -0.706 1.287 -0.065 1.000 -0.549 0.585

ANALYSIS OF VARIANCE

SOURCE SUM-OF-SQUARES DF MEAN-SQUARE F-RATIO P
REGRESSION 40.709 1 40.709 0.301 0.585
RESIDUAL 9462.545 70 135.179

DEP VAR: AALBl1 N: 72 MULTIPLE R: .091 SQUARED MULTIPLE R: .008
ADJUSTED SQUARED MULTIPLE R: .000 STANDARD ERROR OF ESTIMATE: 0.848

VARIABLE COEFFICIENT STD ERROR STD COEF TOLERANCE T P(2 TAIL)

CONSTANT 0.799 0.108 0.000 . 7.405 0.000
FORCOEF 0.071 0.094 0.091 1.000 0.761 0.449

ANALYSIS OF VARIANCE

SOURCE SUM-OF-SQUARES DF MEAN-SQUARE F-RATIO P
REGRESSION 0.417 1 0.417 0.579 0.449
RESIDUAL 50.380 70 0.720

The results of the regression suggest that as in the case of
agricultural training, there is no relationship between formal
forestry training and either average cad density per hectare per farm

or cad regeneration ration. The null hypothesis must again be
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accepted; forestry training appears to have little if any impact on
use of the A. albida system.

5.2.4 Extension contact

5.2.4.1 Background

Another variable which may have a positive impact on the Aa.
albida system is contact with the various extension services and
projects currently operating in the NCPB. In the past, Senegal’'s
national extension programs had primarily a commodity focus.
Agriculture extension used to be carried out by the Ministry of Rural
Development’s Regional Development Agencies--RDAs
(SRDP--Société Regionale du Développement) which were responsible for
rural development activities within a fixed agro-ecological zone.
While the RDAs’ mandate included broad development objectives and
activities, their extension actions were generally focussed on a
particular commodity or group of commodities. SODEVA was the RDA for
the Peanut Basin and peanuts were its primary focus.

Senegal’s New Agricultural Policy, with its emphasis on
privatization, provided for drastic cuts in the size and scope of most
of Senegal’s RDAs. SODEVA underwent a 75% cut in personnel and
funding (USAID 1991) and is currently only active in very limited
types of activities (mainly cowpea and nematocide programs). 8ince
1987, the World Bank has been working with the GOS to design and
implement a program intended to reform and reanimate government
extension services based on the use of the Training and Visitation
(T&V) methodology. The pilot program (Programme Pilote d’'Amélioration
des Services d’'Appui aux Agriculteurs--PAGRI) was followed by the
Programme Nationale de Vulgarisation Agricole (PNVA) which began in
1990. The PNVA intends to cover 60% of Senegal’s rural population in
a period of four years.

As the PNVA is just beginning, it is difficult to predict the
effect it will have on Senegal’s current extension situation. Not the

least of its problems will be the issue of sustainability of an
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extension system which is donor driven and supported. In terms of
natural resource activities, however, problems with the T&V system are
already more apparent. To date, there is not a clear picture of how
agroforestry and other natural resource activities will be integrated
into the T&V calendar. As agroforestry involves both crops and trees,
Senegal’s Ministry of Nature Protection’s Directorate of Soil
Conservation and Reforestation (MPN/DCSR) also has an agroforestry
extension mandate but the relationship between DCSR and the PNVA has
yet to be defined.

While some criticisms of the T&V approach were presented in
Chapter 1, they seem rather moot after implementation of the socio-
economic survey. There is little agriculture or forestry/natural
resources extension taking place among informants and the PNVA has yet
to make its presence known. A total of 21 informants (29.17%)
received extension visits in 1989 for a total of 66 visits distributed
among four organizations (SODEVA, DEF, MOA, and MOH) and two projects
(PRECOBA and FIDA). Perceived extension visits among informants for
1989 are summarized in Table 5.1.

In terms of natural resource-related extension visits, only two
extension visits dealt directly with cad. One was a visit to a
village by a DEF agent to discuss the role and importance of cad. The
other was by an agent from the FIDA A. albida/agroforestry
project!3? to discuss goals and objectives of the project. However,
informants from this particular village along with discussions with
other members of the village indicated that on the whole, they were
not satisfied with the project. The general feeling was that one did
not need to plant cad trees as there was an abundance of regeneration

in the area. What they wanted was assistance to protect the tree

130phis project hopes to rehabilitate the cad system by providing
seedlings to farmers (free of charge) and by encouraging planting,
care and maintenance of the seedlings in exchange for providing the
village with items such as grain mills, peanut shellers and other

equipment.
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resources that they already had. To them (a Serer village), this
meant an increased role for DEF agents in protection and control
rather than extension.

only two out of five DEF visits dealt with tree planting, the
remainder were protection/control (policing) related visits.
Informants in general found the majority of forestry related extension
visits to be very useful with only the informants from the village
visited by the FIDA cited above, indicating that the visit was only
somevhat useful.
5.2.4.2 Extension contact and the A. albida system

Extension - as measured by the variable EXTRATE!3! - is also
expected to have a positive impact on the A. albida system (TOTCAD and
AALBl). However, while farmers were asked to provide information on
previous agriculture and forestry training, they were not asked to
specify extension contacts prior to 1989 other than an indication of
whether they had been visited by a DEF/SODEVA agent or not. As a
result, the effects of previous extension contacts on the system would
be unknown and impossible to quantify. For purposes of this analysis,
however, it is assumed that informants who had extension contact in
1989 are probably the ones that also had more frequent contact in
previous years. Thus, the hypotheses are:

Hypothesis 5.11

Ho): There is no relationship between extension contacts

(EXTRATE) and average per farm cad density per hectare
(TOTCAD) .

H(;): Average per farm cad density (TOTCAD) is a positive
function of extension contacts (EXTRATE).

131"pxtension rate"--a composite variable which represents the
total number of visits made by extension agencies during the last
campaign times the total number of different agencies.
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Hypothesis 5.12

Hio)t There is no relationship between extension contacts
(EXTRATE) and average farm A. albida regeneration rate
(AALBl).

H;): Average per farm regeneration rate (AALBl) is a positive
function of extension contacts (EXTRATE).

STED SQUARED HULTIPL! R: .000 STANDARD ERROR OF BSTIHATE!

COEFFICIENT STD ERROR STD COEF TOLERANCE T P(2

11.502 1.464 0.000 . 7.857 0.000
-0.100 0.382 -0.031 1.000 -0.261 0.795

ANALYSIS OF VARIANCE

SUM-~-OF-SQUARES DF MEAN-SQUARE F-RATIO P
REGRESSION 9.210 1 9.210 0.068 0.795
RESIDUAL 9494.045 70 135.629

SQUARED MULTIPLE R: .000 STANDARD ERROR OF ESTIMATE: 0.851
COEFFICIENT STD ERROR STD COEF TOLERANCE T P(2
0.844 0.107 0.000 . 7.892 0.000
-0.011 0.028 -0.047 1.000 -0.397 0.693
ANALYSIS OF VARIANCE

SUM-OF-SQUARES DF MEAN-SQUARE F-RATIO P
GRESSION 0.114 1 0.114 0.157 0.693
SIDUAL 50.683 70 0.724

The results of the regression suggest if the assumption about
previous extension contacts is correct, extension contacts appear to
have little, if any influence on the A. albida system. In both cases,
the null hypothesis must be accepted.

5.3 The impact of projects

To date, the method of choice in dealing with natural resource
problems in Senegal has been the use of a "projectized” approach.
There are no less than four bilateral and two PVO natural resource-
related projects currently operating in the NCPB. Bilateral projects

include: (i) the "Projet de Reboisement Communautaire dans le Bassin
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Arachidier" (PRECOBA), supported by the Germans and based in Fatick;
(ii) the "Projet de Reboisement Villageois dans le Nord-ouest du
Bassin Arachidier (PRECOBA), supported by the Dutch and based in
Thids; (iii) the Projet de Développement Agroforestier (PDA),
supported by FIDA and based in Diourbel; and (iv) the "Senegal
Reforestation Project"”, supported by USAID and based in Dakar!33,
PVO projects include: (i) PFoster Parents Plan International (FPPI)
forestry activities around Thids; and (ii) "Cooperasione allo
Sviluppo dei Paesi Emergenti” (COSPE) forestry activities around
Diourbel.

In addition to having a limited impact (only two villages had
contact with any of the current projects), the problems with a project
approach to natural resources in the Sahel have been well documented.
Taylor and Soumaré (1983) provide an excellent analysis of some of
these problems. Among the more "visible"” problems are a lack of
coordination and communication between projects, competition for
quality personnel between projects and the proliferation of "primes”
and other perks, and a growing web of special conditions attached by
the various funding organizations. Other problems cited by Taylor and
Soumaré (op. cit.) include a failure to link research and training in
projects, too short a commitment/time frame, too much focus on
quantitative aspects (unrealistic project assumptions and targets),
and a general neglect of government absorptive capacity. The project
approach in Senegal has experienced many of these same difficulties.

While an evaluation of the impact of these projects is well
beyond the scope of this study, some commentary appears necessary,
particularly in the context of research findings discussed above.
First, projects such as PREVINOBA, Foster Parents Plan and PRECOBA
assume that "sensibilisation" (or increasing farmer awareness of

environmental problems/solutions) is the key to improved natural

133the project has a national rather than a regional focus.
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resource management. However, results of the study suggest that when
farmer livelihoods/existence are threatened by natural resource
degradation combined with changes in agriculture policy, they may be
more willing to take action to reverse degradation, so that little
sensibilisation is needed.

Second, projects such as USAID’s Senegal Reforestation Project
and FIDA’s Agroforestry Project in Diourbel and Bambey assume that
farmers lack resources for natural resource management activities.
Thus, FIDA provides nurseries, fencing, materials and technical
assistance, while USAID provides matching grants ("co-investissement”)
to farmers to undertake natural resource activities. However, the
results of the study suggest that when macro-economic and
environmental conditions are such that the farmer'’'s very existence is
in jeopardy, sufficient resources (including plant material via
natural regeneration) and skills are available at the village/farm
level to undertake a number of natural resource activities with little
external input.

Finally, project assistance may be creating a project mentality
among many NCPB farmers. Even the most isolated farmer has heard of
projects in other villages such as village woodlots, wells, gardening,
etc., and rightfully wants his or her share of the pie. However,
group discussions with informants and other farmers suggest that in
general, they do not equate projects with development but with the
resources (particularly money and employment) that accompany them.
More often than not, the village/farmers have little interest in the
specific goals and objectives of the project itself.

A village’s desire to have a woodlot may be a case in point. 1In
one of the study villages (unnamed), a past development project
(unnamed) wanted to assist a village in establishing a village nursery
and woodlot. The village was eager to participate in this activity
not because of the expected benefits from the trees, but because the

village well would have to be upgraded in order to provide sufficient
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water for the nursery. When this was accomplished, the village soon
forgot about the nursery and woodlot; the former ceased operation
after the first year while the latter has suffered due to lack of
maintenance and protection.

5.4 Conclusions and recosmendations

Based on the analyses presented above and in Chapter 4, the
following general recommendations are offered with regard to the A.
albida system and improved natural resource management in the NCPB.
First, the economic incentives facing the NCPB's rural populations are
major determinants of how natural resources are managed. Maintenance
and wider use of the A. albida system and improved natural resource
management may depend more on general agricultural and economic
policies than on policies and projects which focus on the system
itself. 1In short, farmers appear to respond more to a program
approach than to the traditional project approach supported by the GOS
and many donors.

Second, the fact that external variables related to education,
training and extension were found to have little impact on the cad
system, needs to be tempered with one observation; since the demise of
the Programme Agricole, few informants have had the opportunity to
participate in agriculture and forestry training sessions or have been
visited by agriculture and/or forestry extension agents. Only 19
informants had ever participated in an agriculture training session,
the majority of which were conducted in the distant past. Similarly,
only 14 informants had ever received any formal forestry training,
again the majority of which took before 1980. The situation for
extension visits is much the same. 1In 1989 only 11 informants
reported having had any ag-related extension contact while only two
informants reported any forestry/natural resource related extension
contact. Only one of these visits had to do with A. albida.

Given this situation. the conclusion is NOT that extension and

training do not have an impact on the A. albida system, but that too
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few informants have received training and extension advice on the
system or other natural resource conservation and management
techniques to make a difference. The majority of NCPB farmers have
essentially been forgotten since the Programme Agricole period, and
neither the plethora of projects nor the proposed PNVA has moved in to
£fill what appears to be a glaring gap.

Finally, as anyone familiar with the NCPB will note, there is
one glaring omission in terms of external variables examined. The
role of the marabouts and the Islamic brotherhoods in natural resource
management (or in some cases destruction), was intentionally omitted
from the study. It was considered to be far too complicated (as well
as perhaps too important) to be addressed adequately in the context of
this study, and merits being treated as a separate research endeavor.

Two of the three main Islamic brotherhoods are located in the
NCPB: (i) the Tidjanes with their center in Tivouane and composed of
mainly Toucouleur but also including about one-half of the Wolof
population; and (ii) the Mourides with their center in Touba-Mbacké
and with a practically all Wolof ethnic composition (Jeune Afrique
1983). In terms of agriculture and peanut production in the Peanut
Basin, the Mourides exert a much greater influence than the Tidjanes.
Of the 120 large-scale landholdings in the Peanut Basin, over 100
belong to the Mouride marabouts (Colvin 1983).

The Mourides have been and continue to be responsible for much
of the ecological devastation that has occurred both in the "old"
Peanut Basin, and in the expanded Peanut Basin. In the past, with the
introduction of peanuts as a cash crop, mouride "taalibés"
(disciples), taking advantage of the new market economy and incited by
their "marabout” (quranic teacher/religious leader) quickly expanded
peanut production by putting more land into peanut cultivation and by
clearing new lands usually at the expense of maintaining soil

fertility.
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Some estimates placed Mouride (disciples and marabouts) peanut
production as high as 75% of total production in 1957-58. More
recently, the large-scale Mouride landholdings account for only 5-6%
of production (Colvin 1983). However, in 1990 the Mouride marabout
succeeded in getting several hundred square miles of classified (and
protected) silvo-pastoral zone declassified, and clearing for peanut
production began shortly thereafter.

Clearly, the role of the marabouts and brotherhoods in natural
resources management in the NCPB cannot be neglected and the subject
surfaced many times during group discussions. Jokingly, and with
farmers and colleagues alike, the principal investigator suggested
that with only two actions he could have the entire Peanut Basin green
with trees in two years. The first action would be to reduce the
amount of rural tax paid by farmers who maintained a certain
level/number of cad trees on their fields. The second would be to
make a "contribution” to both the Mouride and Tidjane marabouts
"inspirational” fund in exchange for encouraging their respective
disciples to plant trees and conserve natural regeneration. However,
instead of a joke, the majority of farmers thought that this was the

best course of action.



CHAPTER 6
PINANCIAL RETURNS TO A. ALBIDA
"Il faut vraiement le dire; le sol est arrivé
a un stade de dégradation sévére et je pense
que c'est seul le cad qui peut nous aider au
moins & le restaurer et & le défendre."
Souleye Diokhané, NCPB farmer
(Tiala)
6.1 Introduction
The micro-economic adjustments made by individual farmers to
agriculture policy changes in Senegal not only drive macro-outcomes
but simultaneously influence environmental impact through changes in
natural resource use patterns. The analyses presented in Chapter 4
suggest that these micro-adjustments to policy changes made by farmers
in the NCPB have had a significant impact on the A. albida system.
Among the external variables examined in Chapter 4, changing
agricultural policy appears to have had the biggest impact on the A.
albida system. Structural adjustment/NAP has resulted in a decrease
in use of fertilizer among informants, apparently obliging them to
return to more traditional methods of maintaining soil fertility. It
has also led to a decrease in the area in peanuts and a concurrent
shift from peanut culture to millet and cowpeas. In turn, these two
actions appear to have had a positive impact on the A. albida system.
In this context, a key premise is that the use of A. albida
makes financial sense to the farmer in the current agriculture
policy/price environment. The purpose of this section is to conduct a
financial analysis of some possible agricultural "interventions" for
Senegal’s North Central Peanut Basin. These interventions include:
(1) doing nothing (the base case scenario); (ii) a moderate
intensification of agriculture through the use of chemical fertilizer;
(iii) a "high input” (fertilizer and mechanization) scenario; and
(iv) increasing yields/farmer income through the introduction of A.

albida via natural regeneration with benefits of maintenance of soil
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fertility, increased crop yields, and increased wood and forage
supplies.

In order to explore the impact that fertilizer subsidies might
have (or have had) on the use of the A. albida system, three
additional scenarios are examined: (i) a moderate intensification of
agriculture through the use of chemical fertilizer subsidized at 50%;
(ii) a "high input” (fertilizer and mechanization) scenario with
fertilizer subsidized at 50%; and (iii) increasing yields/maintaining
soil fertility through the introduction of A. albida via natural
regeneration. The additional cad benefits of increased wood (fuelwood
and construction wood) and forage supplies were not included in this
last model for two reasons. First, group discussions with farmers
suggested that wood and forage supplies were more plentiful during the
Program Agricole period and came not only from cad but from other
species which are currently not as plentiful. Second, excluding these
benefits helps to not "overstate” the financial returns to the A.
albida system and facilitates comparisons between models.

6.2 General assumptions

The following are the general assumptions used in the analysis:

(1) Farm size/rotations: all scenarios/models assume
that a farmer possesses a minimum of two hectares on
which he plants one hectare of millet/sorghum and
one hectare of peanuts and practices crop rotations.
This mix remains constant over the period of
analysis, 20 years;

(ii) Crop costs and revenues: Costs and benefits for
millet and peanut production are based on crop
budgets developed by Martin (1988) for the Central
Peanut Basin, as updated by sSidibé (1990).

(iii) Rainfall: rainfall is not constant over the period
of analysis. Rainfall is perhaps the most limiting

factor in terms of NCPB crop yields. However, it is
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not so much total rainfall as rainfall distribution
throughout the growing season. Using average total
rainfall for the Departments of Thiés and Diourbel
as the independent variable, and average millet and
peanut yields/ha for the same two Departments as the
dependent variables, regression analysis suggests
that there is indeed no significant relationship
between total rainfall and crop yields.

However, when the average number of days of rainfall
(AVDAY) is used as the independent variable, the
relationship is highly significant for both millet

(YLDMIL) and peanuts (YLDPEA) as indicated below.

DEP VAR: YLDMIL N: 24 MULTIPLE R: .538 SQUARED MULTIPLE R: .289
ADJUSTED SQUARED MULTIPLE R: .257 STANDARD ERROR OF ESTIMATE: 151.736

VARIABLE COEFFICIENT STD ERROR STD COEF TOLERANCE T P(2 TAIL)

CONSTANT 54.643 145.159 0.000 . 0.376 0.710
AVDAY 11.283 3.772 0.538 1.000 2.991 0.007

ANALYSIS OF VARIANCE

SOURCE SUM-OF-SQUARES DF MEAN-SQUARE F-RATIO P
REGRESSION 206010.634 1 206010.634 8.948 0.007
RESIDUAL 506524.105 22 23023.823

DEP VAR: YLDPEA N: 24 MULTIPLE R: .462 SQUARED MULTIPLE R: .214
ADJUSTED SQUARED MULTIPLE R: .178 STANDARD ERROR OF ESTIMATE: 240.767

VARIABLE COEFFICIENT STD ERROR STD COEF TOLERANCE T P(2 TAIL)

CONSTANT 157.141 230.331 0.000 . 0.682 0.502
AVDAY 14.633 5.985 0.462 1.000 2.445 0.023

ANALYSIS OF VARIANCE
SOURCE SUM-OF-SQUARES DF MEAN-SQUARE F-RATIO P

REGRESSION 346488.869 1 346488.869 5.977 0.023
RESIDUAL 1275315.089 22 57968.868

In order to incorporate these findings into the
analysis and therefore make it more realistic from a

farmer's perspective, 20 random numbers were
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generated based on the maximum and minimum average
of rain days from Thids and Diourbel data. The
standard deviation for these numbers was calculated
and the type of rainfall year (i.e., "good",
"average” and "poor" was determined based on the
standard deviation. Drawing on the above models and
the randomly generated rainfall days, a "rainfall
factor” was developed to adjust Martin’s millet and
peanut yields and production costs!3! over the 20-
year period of the financial analysis. A more
detailed explanation of the calculation of rainfall
and soil factors is found in Appendix H.

(iv) Inorganic fertilizer: chemical fertilizer has a
positive impact on yields only in average and good
rainfall years. This assumption has some scientific
basis (Kelly 1988) and is supported by discussions
with informants and other farmers in the study area.
The analyses therefore assume that in poor rainfall
years, millet and peanut yields will not increase
but will remain at levels equivalent to scenarios
based on the use of no fertilizer.

(v) Loss of organic matter content/declining yields:
the absence of on-field trees translates into loss
of organic matter content and subsequent decline in
crop yields. As Chapter 3 points out, organic
matter plays a critical role in terms of soil
fertility and crop yields on the sandy soils of the
NCPB; the structure and productivity of the soil are

almost entirely dependent on organic matter content.

134crop yields and prices would vary by rainfall year; in above
average rainfall years yields would be higher and prices would be
lower. The only production costs to vary by rainfall year would be
harvest labor.
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Rates of loss of organic matter content from NCPB
soils are estimated to be as high as 4% per year,
although as Chapter 3 again points out, the presence
of on-field trees can reduce this loss by nearly
one-half.
For purposes of this analysis (the base case), it is
assumed that the farmer initially has few if any A.
albida trees (or other species) on his two fields
and is therefore losing organic matter at the 4%
annual rate. Translating organic matter loss into
declines in crop yields becomes more problematic;
there are few empirical studies which show the
relationship between organic matter loss and
declines in crop yields. Thus, a conservative
estimate of a 0.5% annual reduction in average (over
the 20-year period) millet and peanut yields is used
for all models!35, This figure is consistent with
available literature (Pieri 1989) and is used to
estimate a "soil factor” (decline in yields due to
decline in organic matter content) for each
model/scenario. Crop yield declines due to this
soil factor are provided in Appendix H.

(vi) All interventions are mutually exclusive: The
analysis assumes that all of the

interventions/models are mutually exclusive, i.e.,

135while this 0.5% rate is somewhat arbitrary, it is based on
analyses presented in Chapter 3 with regard to declines in SOM content
and on evidence which suggests that trends in crop yields in the NCPB
have remained constant over the past 20 years. However, a key issue
is the relationship between decreasing organic matter content and crop
yields - no site specific information was found on this relationship.
Thus, a 0.5% rate of yield decrease for millet and sorghum was
retained so as not to overstate the gains from introducing A. albida.
Por individual farmers, this rate could vary from 0.0% to as high as
4: geponding on the relationship between organic matter loss and crop
yields.
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choosing one activity necessarily precludes
implementing another. For example, it is assumed
that the farmer would use use either natural
regeneration of cad or planting but not a
combination of both. This convention permits the
use of Net Present Value (NPV) to determine whether
the investments are financially viable. To the
extent that they are similar investments, NPV can
also be used to compare the various alternatives and
select the best intervention among alternatives.

(vii) Discount rate: while the analysis includes a
sensitivity analysis of the models at various
discount rates, a 20% real discount rate is used to
compare models. This rate is substantially higher
than the 10-12% more commonly used in financial
analyses because of the farmer'’'s propensity to be a
risk averter. The farmer’s intuitive discount rate
would typically be much higher than bank lending
rates, indices or other benchmark statistics or
alternative investment opportunities more commonly
used to determine discount rates!3¢,

(viii) Family/hired labor wage rate and availability: All
analyses use Martin’s (1987) opportunity cost of
labor, valued at 500 fcfa per 7 hour workday for
both family and hired labor. The analysis makes no

distinction between rainy season and dry season wage

136goekstra (1983) argues that a more accurate discount rate than
the society equivalent commonly used is one that combines a farmer'’s
"risk discount rate" (a reflection of production trends), with a
"consumption discount rate” which should reflect current and future
consumption. For the case of farmers in the Peanut Basin, Hoekstra
would argue that their personal discount rates would be significantly
higher than society’s discount rate given their downward or static
trends in production combined with few resources or opportunities
available for increasing consumption.
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rates, although in practice, rainy season wage rates
appear to be slightly higher as demand for labor
increases for planting, weeding and harvesting

activities.

Additionally, the analysis perhaps unrealistically assumes that
there is no labor shortage in the North Central Peanut Basin and that
all interventions can be implemented with family or hired labor.
However, preliminary interviews with farmers in the Peanut Basin
indicate that labor availability may be a constraint in agricultural
activities due to migration/seasonal employment and other off-farm
activities during both seasons.

6.3 Detailed description of models
6.3.1 The base case, or the cost of doing nothing (Model 3):

This model assumes that the farmer possesses a minimum of two
hectares on which he plants one hectare of millet/sorghum and one
hectare of peanuts. Crop rotations are practiced and the crop mix is
constant over the 20-year period of analysis. Costs and revenues are
based on crop budgets developed by Martin (1988) for the Central
Peanut Basin as updated by sidibé (1990). In the case of
millet/sorghum and peanuts, the analysis uses "Module Number 3:
intensification faible!3’",

The base case scenario assumes that yields are highly dependent
on rainfall and costs and crop prices are adjusted for poor, average
and good rainfall years as discussed above. Additionally, it is
assumed that the farmer has few if any trees at the beginning of the

analysis and per assumption (v) above, mean yields for millet/sorghum

137*1ntensification faible" appears to best approximate the
current practice of the majority of farmers in the North Central
Peanut Basin based on the results of the Biophysical Inventory and
Socio-economic surveys as discussed in Chapters 3, 4, and 6. Martin
(op.cit.) describes this practice as one which includes: mechanical
seeding; no use of fertilizer; two mechanical weedings; and in the
case of millet/sorghum, one "démariage rapide" (cursory thinning of
plants), and for peanuts, a mechanical harvest.
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and peanuts will decline at an annual rate of 0.5% per year over the
period of analysis due to declining soil fertility and the loss of
soil organic matter content.

6.3.2 Moderate intensification:

This scenario draws on Martin'’'s "Module 2: intensification
moyenne!3®" crop budgets for all crops for an average year with
prices updated from 8idibé (1990). Increased costs for this scenario
include fertilizer purchase, increased labor and traction inputs, and
some additional fixed costs (equipment purchase and upkeep).

Increased benefits under this scenario are again drawn from
Martin, and are estimated to be: a 150 kg/ha increase in
millet/sorghum production; a 50 kg/ha increase in peanut production;
and a 80 kg/ha increase in peanut hay production. However, these
increases are dependent on rainfall and will only occur in good and
average rainfall years.

This scenario again assumes that due to declining soil organic
matter content, increased fertilizer use will not be sufficient to
maintain yields at a constant level independent of rainfall. Thus,
this model assumes that mean average yield (over the 20 year period)
will still decline at the 0.5% rate, but the use of moderate amounts
of chemical fertilizer will nevertheless result in increases in yields
in good and average rainfall years. In poor rainfall years, however,
fertilizer will have no impact and yields will be equivalent to the
base case scenario.

6.3.3 High intensification:
This scenario is based on Martin’s "Module 1: intensification

élevée” for both crops!3®. As for the moderate intensification

138pj fferences from the base case scenario include: the use of 100
kg/ha of NPK (14-7-7) for millet/sorghum and 80 kg/ha of NPK (6-20-10)
for peanuts; better plant thinning in the case of millet/sorghum;
and better site preparation (radou mécanique) for peanuts.

13%por millet, differences from the base case scenario include the
use of 100 kg/ha of NPK (14-7-7) and 50 kg/ha of urea accompanied by
better plant thinning. For peanuts, the difference is in the use of
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scenario above, increased costs are due to additional fertilizer and
insecticide purchase, increased labor and traction inputs and some
additional fixed costs.

Under this scenario, Martin estimates that: millet sorghum
yields will increase by 300 kg/ha over the base case scenario; peanut
yields will increase by 150 kg/ha; and peanut hay yields will increase
by 240 kg/ha over the base case scenario. However, these increases
are adjusted by the rainfall factor. Moreover, it is again assumed
that due to declining soil organic matter content and cation exchange
capacity, high input agriculture in NCPB will result in increased
yields only in good and average rainfall years and that average mean
yield for both millet/sorghum and peanuts will continue to decline at
the 0.5% rate.

6.3.4 A. albida natural togeneration1‘° (Model 4):

In this scenario using Model 3 as the base case, the costs and
benefits of introducing A.albida on the farmer’s two hectares (i.e.,
in association with both crops) via natural regeneration are examined.
All costs and benefits associated with cad establishment are assumed
to be mutually exclusive to avoid double counting. Costs of this
intervention are estimated as follows:
6.3.4.1 Costs
- Variable costs/ha (materials): This scenario assumes that no or

only a few A. albida seed trees are currently on the farmer's

fields and that it will be necessary to purchase 10 kg of seed

120 kg/ha of NPK (6-20-10).

140phe option of introducing cad via seedlings was not considered
as an option as this practice has not as yet been perfected and
usually results in high seedling mortality rates and significantly
higher costs. Moreover, as many farmers in the NCPB stall feed pods
to their animals and the subsequent spreading of the resulting manure
on fields significantly increases regeneration rates, it was felt that
natural regeneration best approximates reality and possibilities in
the NCPB.
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pods in years one and two at a cost of 50 fcfa/kg!¢l. Due to

erratic rainfall, it is expected that seed will need to be

purchased for two years in order to assure a minimum density of

young plants which can be eventually thinned to 40 mature trees

per hectare.

- Variable costs/bha (labor):

S8eeding: It is assumed that the seeds will be given to
the farmer’s domestic animals (sheep and goats) for
concession feeding and for eventual dispersion in the
fields via manure spreading!4?. Therefore, there are no
labor costs for site preparation/sowing.
8taking: The normal practice in the North Central Peanut
Basin (particularly among the Serer--see Pelissier 1967)
is to make a phenotypic selection of young plants for form
and growth and to stake these plants with "tuteurs” in
order to enhance growth rates. The cost of this activity
is estimated at about 4 person-days/ha and needs to be
done for about 5 years, beginning in year 2.
Pruning: Pruning costs are divided into establishment
costs in the initial years (initial pruning) and
harvesting costs (service pruning, forage pruning and pod
harvest) in later years. 1Initial pruning is usually
carried out with the above staking and involves removal of
lower branches to improve form and increase height growth
rates. The cost of this activity is estimated at about 4
person-days/ha over a five year period beginning in year
2. Service pruning costs are estimated to be about 10

person-days/ha beginning in year 17 and continuing at that

141cogts estimated from discussions with women selling pods along
the Thies-Diourbel road.

142concession feeding of pods and subsequent manure spreading
significantly increases cad regeneration rates.
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rate through year 20. Forage pruning costs begin in year
10 and are estimated to be about 4 person-days/ha through
year 12, increasing to 8 person-days/ha in years 13
through 15, and 10 person-days/ha in years 16 through 20.
Pod harvest costs begin in year 13 at 4 person-days/ha
through year 17, 8 person-days/ha in years 17 through 19,
and reach maximum costs of 10 person-days/ha in year 20.
The mcdel assumes no costs for harvesting fuelwood as this
is considered to be an ancillary activity of pruning for
service wood and forage.
Protections During the first three years of growth, the
trees will require some protection from grazing animals,
particularly sheep and goats!43. This cost is estimated
to be about 8 person days/ha during years 1 through 3.
During the remaining period of analysis, some additional
protection costs will be incurred given the necessity to
patrol fields, control illicit harvesting, etc. Often, as
discussed in Chapter 5, this is done on a group basis, but
the costs to the individual farmer are estimated to be 2
person-days/ha for years 4 through 20.

- Pized costs:
Fixed costs for the introduction of cad are assumed to be
negligible. However, drawing on Martin’s analysis for
peanuts, fixed costs for small equipment are estimated to
be fcfa 231 per year for years 1 through 6, 0 for years 6
and 7, and increasing to 2071 per year in years 8 through
20 to reflect repairs on traction equipment and additional

use of traction animals.

143pjgcussions with farmers suggest that sheep and goats are more
a threat to young A. albida plants than cattle, as former are better
adapted at removing the foliage without getting pricked by the thorns.
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6.3.4.2 Benefits
Benefits from the introduction of A. albida include maintenance

of soil fertility, increased crop yields, increased fuelwood and

service wood (poles) supplies and increased forage/fodder supplies

(from both leaves and pods). This scenario assumes that beginning in

year 10, the farmer will have 40 young A. albida trees on each 1 ha

field and that these trees will be managed in such a way as to
increase wood and fodder supplies without jeopardizing crop yields.

For example, in any one year, one-fourth of the trees could be pruned

for poles, dry season forage and firewood. The remaining trees would

be sufficient to insure an increased supply of pods/fodder while
maintaining/increasing crop yields. Specific benefits include:

- Maintenance of soil fertility: Analyses conducted in Chapter 3
suggest that cad makes a significant contribution to soil
organic matter directly under its crown. Given these results it
is assumed that the 0.5% decline in soil fertility could be
stopped by the introduction of cad. The net result is that
millet/sorghum and peanut yields foregone by declining soil
fertility in Model 3 would become a benefit under the cad
natural regeneration model. It is estimated that for all crops,
this benefit will begin to flow in year 6 when one-half of the
yield loss to declining soil fertility might be recovered, and
continue at this rate of recovery through year 15. From years
15 to 20, it is assumed that the crowns have reached a stage
where 100% of yields lost to declining soil fertility could be
recovered.

- Increased crop yields:

Millet/sorghum: The effect of A. albida on millet and
sorghum yields has been well documented. For example,
Charreau and Vidal (1965) compared millet yields under and
outside the crown and found a 250% increase in millet

yield under the tree. However, as pointed out in Chapter
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3, increased yields occur mainly under the crowns of cad
and thus total crop yields/ha are highly dependent on the
percent cad crown cover per hectare. For purposes of this
analysis, however, a conservative estimate of 40% has been
used to reflect the impact of cad on increasing
millet/sorghum yields. However, this figure is multiplied
by the percent cad crown cover. Cad crown cover is
expected to increase from 1% in year to 60% in year 20.
Thus in year 20, the net benefit of cad in terms of
increased millet production would be 24% of the base yield
for year 20.
Peanuts: The effect of A. albida on peanut yields is less
well documented and generally more controversial. Some
research indicates a positive effect on both peanut and
hay yields (increases of 15-20%) while others report a
slight decrease in peanut yields but a 15% increase in hay
yields (Louppe 1988). Discussions/interviews with farmers
indicate that Louppe’s analysis is perhaps closer to the
truth. They feel that A. albida may decrease peanut
yields slightly but that increases in peanut hay yields
are worth the cost. For purposes of this analysis and in
view of the assumption of declining CEC, this intervention
assumes that cad will not contribute either positively or
negatively to peanut pod yields.
Peanut hay yields, on the other hand are expected to
increase by 20%. However, as in the case of
millet/sorghum, this rate is assumed to be highly
dependent on the percent cad crown cover and the overall
contribution of cad to increased peanut hay production is
adjusted accordingly.

Increased wood supplies (poles and fuelwood):
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Poles: As stated above, it is assumed that the farmer
could, in any one year after the trees mature, harvest
service poles (for fencing, house construction) on one-
fourth of the trees without affecting crop yield benefits
(severe pruning). This intervention assumes that the
farmer could begin harvesting poles in year 17 on 10
trees/ha (one-fourth of total) and that each tree
harvested would yield 10, 10-15 cm base diameter poles
(for a total of 100 poles per hectare per year). The 1987
adjusted price for such poles in the Peanut Basin is about
200 fcfa each (Livingston 1990).
Fuelwood: Freeman (1982) estimates that 40 mature A.
albida trees per hectare, if properly managed, can provide
1 cubic meter of fuelwood annually without jeopardizing
crop yields. 1In this scenario, fuelwood is assumed to
result from branches left after pole harvest (severe
pruning) and fodder harvest (light pruning). Fuelwood
yields are estimated to be 0.2 cubic meters per hectare in
years 10-12 and 0.5 cubic meters/ha in years 13 through
20. Christopherson (1988) estimates the price of fuelwood
to be 2500 fcfa/cubic meter.

Increased fodder/forage yields:
Forage: During the end of the dry season, A. albida is
often the sole source of forage for the NCPB’'s many
cattle, goats and sheep. Customarily, farmers prune A.
albida trees for this purpose during the months of April
and May and sometimes into June. It is estimated that one
mature tree produces 50 to 150 kg of dry matter/year
(forage) but that pruned trees produce about one-fifth of
that (Le Houerou 1980). The quality of browse is similar
to that of peanut hay. In this analysis, the value of A.

albida forage is taken to be the same as that of peanut
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hay, i.e., 30 fcfa/kg in an average rainfall year,
increasing to 35 fcfa/kg in poor rainfall years and
decreasing to 25 fcfa/kg in good rainfall years. It is
further assumed that 10 trees/ha will be managed (lightly
pruned) in any one year for browse production. Forage
yields from harvesting poles and pruning for forage are
estimated to be: 200 kg/ha/year for years 10-12; 400
kg/year for years 13-15; and 600 kg/ha for years 16-20 (or
about 30 kg/tree per year).

Podss Piot (1980) notes that mature, unpruned A. albida
trees produce 50-150 kg of pods/year. Assuming that the
remaining 20 trees/ha are managed for pod production (or
are only very lightly pruned), pod yields are assumed to
be 200 kg/ha in years 10-12, and 400 kg/ha in years 13
through 15, reaching 600 kg/ha in years 16 through 20 (or
approximately 30 kg/tree/year. Charreau and Niceau
maintain that the fodder quality of A. albida pods is
twice that of peanut hay and three times that of the local
grass species. Pods are also greatly appreciated by
farmers in the NCPB and there is now a market for them
with prices often exceeding 75 fcfa/kg. For purposes of
this analysis, however, the revenue from pods is assumed
to be the pod/seed base price of 50 fcfa/kg.

6.3.35 High intensification with the cost of fertilizer subsidized at
50% (Model 1.50)

This model is exactly the same as Model 1 described in Section
6.2.3 above except that the cost of fertilizer is reduced by one-half
(from 82 fcfa/kg to 41 fcfa/kg for 6-20-10 peanut fertilizer, and from
82 fcfa/kg to 41 fcfa/kg for 14-7-7 millet for peanuts, and from 92
fcfa/kg to 46 fcfa/kg for urea) to reflect a 50% subsidy.
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6.3.6 Moderate intensification with the cost of fertiliszer subsidiszed
at 50% (Model 2.50)

This model is exactly the same as Model 2 described in Section
6.2.2. above except that the cost of chemical fertilizer inputs (NPK
and urea) is reduced by 50% to reflect a 50% subsidy.

6.3.7 A. albida natural regeneration: soil maintenance and increased
yield benefits only (Model 5)

This model is the same as Model 4 described in Section 6.2.4
above but only cad benefits of maintenance of soil fertility and
increased yields are retained for the analysis. As previously
discussed, cad benefits of increased wood and forage fodder supplies
are not included in order to: (i) better approximate resource
conditions during the Programme Agricole period; (ii) not over state
the benefits of cad; and (iii) facilitate comparison between the
three models as all benefits are similar in nature.

Detailed crop and cad budgets for each of the above models over
the 20-year period of analysis are presented in Appendix I.

6.4 Results

Net Present Values at discount rates of 5%, 10%, 15%, 20% and
25% were calculated for all of the above models using QuattroProl4¢.
The results comparing Models 1, 2, 3, 4 and 5 are presented in Table
6.1.

Table 6.1

Net Present Value (fcfa - 1 US$= 250fcfa)
(Models 1 through 5)

| e ————————————————————
Discoun High Moderate Base All cad Cad soil/
t Rate Intensificatio Intensificatio Case benefits ylield
n n (Model 3) (Model ¢) benefits
(Model 1) (Model 2) (Model 5)
5% 670886 604586 742605 1513990 826366
108 492577 439412 528596 983313 563022
15% 384297 339870 401989 696949 413749
20% 313352 275192 321202 528967 322154
25% 263883 230466 266261 422736 261959
Source: Data from Appendix I. I
T

l44porliand International, Inc.
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Using the decision criterion that all activities with an NPV
greater than 0 are acceptable, then the results indicate that all of
the above interventions would be acceptable to the farmer. However,
the analysis suggests clear differences between the models. While
model 4 appears to be sensitive to changes in discount rates!4S, at
a 20% discount rate Model 4's NPV is over 40% higher than Model 1's,
48% higher than Model 2’'s and 39% higher than Model 3’'s NPV.

Providing the initial assumptions are correct, this clearly
demonstrates the advantages of maintaining a viable population of on-
farm cad trees to NCPB farmers.

Even more interesting is the fact that at a 20% discount rate,
the NPV of no intervention (Model 3) is higher than the NPVs of both
the high and moderate intensification scenarios (Models 1 and 2).

This suggests that at current fertilizer prices, farmers in the NCPB
might find it more attractive financially to continue with their
traditional practices rather than purchase the inputs required for the
high intensification model. 1In fact, based on the results of the
Biophysical Inventory and Socio-economic survey, the results of the
analysis appear to appoximate current practices in the NCPB today;
little if any fertilizer use and an increased use of manure and cad.

Table 6.2 compares the NPVs at varying discount rates for
scenarios where the cost of fertilizer is subsidized at 50% (Models
1.5 and 2.5), with the soil fertility maintenance and increased yield
benefits derived by introducing cad via natural regeneration.

Again, using the decision criterion that all activities with an
NPV greater than 0 are acceptable, the results suggest that all of the
above interventions would be acceptable to the farmer. However, there
is a fairly significant difference between the high and moderate

intensification models. This suggests that the returns to larger

145pue more than likely to the increased labor costs associated
with cad harvesting in the later years of the project.



218

quantities of "cheap” fertilizer are greater than returns associated

with using less fertilizer.

Table 6.2
Net Present Value (fcfa)
(Models 1.5, 2.5 and 5)

High Moderate cad soil/
Intensificatio | Intensificatio yield

n n benefits

508 fert. Sub. 508 fert. sub. (Model 5)

(Model 1.50) (Model 2.50)

5% 883341 786285 826366
108 639522 563539 563022
15% 493599 431131 413749
20% 399262 346191 322154
25% 334243 288114 261959

Source: Data from Appendix I.

Additionally, the NPV for Model 1.50 is 25% higher than the NPV
for Model 5 at the 20% discount rate. This difference needs to be
analyzed in the context of past agriculture policies in the NCPB. One
of the principal reasons why the subsidized models were chosen for the
analysis was to attempt to reflect farmer actions during Senegal’'s
Programme Agricole period, where the price of inputs for agriculture,
particularly fertilizer, was highly subsidized. As is discussed in
Chapter 4, between 1965 and 1983 the percent subsidy for fertilizer
ranged from a low of 32% to a high of 70%. Moreover, agricultural
credit was extremely cheap during this period and the majority of
loans were never repaid!4é., 1In this context, fertilizer subsidies
probably amounted closer to 90% of the purchase price, which would
increase NPV for Model 1.5 to fcfa 44386747, This represents a 38%
increase over model 5. Moreover the NPV for Model 1.50 would likely
be higher if one considered that many of the other high intensity
agriculture inputs (e.g., pesticides) were also subsidized. This

lends additional credence to the hypothesis and analyses presented in

1l46gge USAID (1991) and Chapter 4, Section 4.4.2.

147gge Annex 5.2 Model 1.10 for the complete analysis.
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Chapter 4 which argue that it is easier and more cost effective for
NCPB farmers to spread cheap/subsidized fertilizer than to take care
of their cad trees.

6.5 Dicussion and conclusions

It should be kept in mind that financial analysis is only one of
many tools to be used in the technology appraisal process. It is
deterministic by nature and analyses conducted need to be considered
as a preliminary assessment of some agricultural technologies
currently available in the NCPB. Much more work needs to be done.

For example, additional research and sensitivity analyses need
to be conducted on one of this Chapter’s key premises: a 0.5% decline
in crop yields as a result of organic matter decreasing at an annual
rate of between 2 and 4%. The relationship between organic matter
loss and declines in crop yields requires additional research. As the
Rodale Study (1989) points out, there is little hard data on the
extent, rate or seriousness of soil degradation in the Peanut Basin.
While Chapter 3 suggests that soil degradation may not be as serious
as previously thought, the rate of decline of the base case scenario
needs to be varied and alternative interventions examined under the
context of different rates of decline. Interventions such as
windbreaks, living fences, micro water catchments and particularly
those concerned with increasing organic matter content of the soil
(e.g., composting, organic manure), need to be examined both
separately and in combination with other interventions.

In spite of the above shortcomings, the analyses presented in
this Chapter help explain why Senegal’s structural adjustment
program/New Agriculture Policy has resulted in a decrease in use of
fertilizer among informants obliging them to return to more
traditional methods of maintaining soil fertility including a
significant increase in the use of A. albida. Results of the
Biophysical inventory suggest that nearly one-half of the fields

surveyed have an adequate cad regeneration rate. When aggregated to
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the farm level, 23% of informants have an adequate regeneration rate
while 30% have an excellent regeneration rate, with an on-farm average
of 100 seedlings/sprouts per hectare.

The analyses suggesting that the introduction of cad via natural
regeneration has a 40% higher NPV than the fertilizer/high input model
lend additional credence to the above conclusion. Similarly, when
fertilizer is highly subsidized, the use of cad becomes less
attractive financially to farmers given its lower NPV. Both of these
findings tend to support one of the key premises presented in Chapter
4; micro-economic adjustments made by individual farmers to
agriculture policy changes not only drive macro-outcomes but
simultaneously influence environmental impact through changes in
natural resource use patterns. In short, when fertilizer is
inexpensive or highly subsidized, it is easier for farmers to spread
cheap fertilizer on their fields than to maintain their population of
cad trees. Conversely, when fertilizer prices reflect market prices,
the tendency is for informants to rely on cad and othqr more
traditional methods of maintaining soil fertility. The policy
implication here is obvious; careful thought needs to be given to
agriculture input pricing policies and other macro-economic policies
to ensure sustainable agriculture production.

Finally and perhaps most importantly, the analysis shows that in
addition to trying to increase per hectare yield of basic food and
cash crops, those concerned with rural development and policy
formulation in Senegal must also devote increased attention to
building on peasant subsistence farming systems in order to increase
farmer resilience against soil degradation and for poor rainfall
years. As Todaro (1977) writes, "the main motivating force in a
peasant’'s life may be the maximization not of income, but of
survival.” Thus, risk-avoiding peasants such as those in the Peanut
Basin are likely to prefer a technology of food production which

combines a low mean per hectare yield with a low variance (less
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fluctuation about the mean) to alternative technologies which may
promise a higher mean yield but also present the risk of greater
variance. If properly conceived and implemented, the re-introduction
of A. albida via natural regeneration may be one of the most
historically tried and accessible technologies available today to aid

in creating this resilience.
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CHAPTER 7
OTHER INTERNAL FACTORS:

INFORMANT PERCEPTIONS OF THE A. ALBIDA SYSTEM
AND NATURAL RESOURCES IN GENERAL

"Il y a deux sortes de gens qui savent:
- Celui qui sait et qui sait qu’il sait.
- Celui qui sait et qui be sait pas qu’il
saiti®, -
Wolof proverb (Cribier et al. 1986)
7.1 Imtroduction

The need to understand interactions between humans and their
environment has become increasingly important over the past years as
many of the world’s traditional but resilient agricultural systems
experience the effects of modernization. This need has been
especially evident in Senegal'’'s Peanut Basin where changes in
population, technology, economics, politics and values have had
significant consequences for the ways in which farmers and other
inhabitants of the region use their resources and interact with each
other and their natural environment. As the A. albida system makes up
a large part of that environment, the impact of the above changes on
the system has been considerable.

A key step in assessing this impact is to gain a better under-
standing of perceptions as well as knowledge, attitudes and practices
of farmers in the NCPB with regard to the A. albida system and related
environmental concerns.

This chapter examines four interrelated themes with regard to
the A. albida system: (i) the evolution of tree cover; (ii) the role
of A. albida; (iii) land tenure; and (iv) the role of associations
and village groups, including the relationship between tree tenure and

these groups.

148Meaning literally that there are two types of people who
"know"; those that know and know they know, and those that know and
don’t know they know.
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7.2 Theme 1: Informant perceptions on the evolution of tree cover
Informants were asked to describe the evolution of tree cover
over the past 10 years differentiating between A. albida and other

species. Table 7.1 summarizes the findings.

Table 7.1

Informant Perception of the Evolution of Tree Cover
(Number and Percent of Informants)

Response A. albida Other species

No. Per. Per.

Increase 16 22.2 2.8
Decrease 55 76.4 97.2
No change 1 1.4 0.0

Source: Survey data, n=72.

The results suggest that while the majority of informants
perceive tree cover for both A. albida and other species to be de-
creasing, many more informants believe A. albida tree cover to be
increasing relative to other species. This perception is supported by
the results of the Biophysical Inventory. Figure 7.1 shows a dramatic
increase in the number of A. albida trees in the 1-5cm diameter class.
Depending on the nature of the tree (whether a root/stump sprout or a
seedling) and the site, this represents an age class of approximately
1 to 6 years!*’.

Regeneration rates!s?

for cad, while varying considerably from
field to field also appear to be increasing. The mean regeneration
rate was 0.8 seedlings or suckers per 100 square meters with a minimum
of 0 and a maximum of 10. Over one-half of the 305 fields surveyed

had some cad regeneration. If one assumes that the minimum

145The methods used to estimate cad age classes are discussed in
Chapter 4.

150rhe regeneration rate per field is the average number of
seedlings or sprouts less than one centimeter in diameter taken from
three randomly selected sample plots, each 10m by 10m square; rate =
number of seedlings/100 square meters.
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regeneration rate required to sustain a population of cad/ha of about
40 trees would be 0.5 (50 seedlings/suckers/ha), then 43% (131) of the
fields surveyed could be said to have an adequate regeneration rate.
The overall distribution of regeneration rates is presented in

Table 7.2.

Distribution of A. abida
(Told runber of iress/diameter elsss)

1-6 1M-20 3140 $1-80

10 21-30 41-80 >80
Olovsler dlass
Figure 7.1

Distribution of A. albida

Table 7.2
Distribution of Cad Regeneration Rates by Field
(Number and percent of fields)

$
Fields
44.6
12.1
8.5
19.7

9.2
5.9

Source: Biophysical Inventory, n=305

If one aggregates the field regeneration rates up to the total
farm level (the average of all fields), then nearly 23% (15) of the
informants could be considered to have an adequate regeneration rate
while 30% (22) have what would appear to be an excellent regeneration
rate as Table 7.3 indicates.
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Table 7.3

Distribution of Cad Regeneration Rates by Farms
(Number and percent of Farms/Informants)

Rate

Rate = 0.0
O<Rate<0.5
0.5<Rate<l
1<Rate<2
2<Rate<3
Rate > 3

Source: Biophysical Inventory, n=72.

For the majority of other species, however, tree cover indeed
appears to be decreasing. Of the 69 woody perennial species
identified and counted in the Biophysical Inventory, only A. nilotica
v. adansonii, A. raddiana, Balanites aegyptiaca, Bauhinia rufescens,
Borassus aethiopum, Combretum glutinosum, Cordyla pinnata, Piliostigma
reticulatum and 3iziphus mauritiana appear to have relatively high
stocking levels in all diameter classes as well as relatively high
numbers of younger trees. Total study area species distribution by
diameter class, and by occurrence per 100 ha are found in Appendix J.
Tree occurrence per 100 ha for all woody perennial species inventoried
are represented graphically in Appendix K.

Informants were also asked how they felt about the adequacy of
current forest product supplies and what future supplies may be like.
As Table 7.4 indicates, informants appear to be particularly concerned
about service wood and forage supplies!’!. However, they are also
more optimistic that supplies for these products will increase in the

future.

151phe fact that fuelwood appears to be less critical could
perhaps be due to a gender bias, as fuelwood collection is a women’s
task and the majority of respondents were men. However, from group
discussions, the fuelwood problem is local in nature and 3 out of the
36 villages were selling firewood to urban centers (Bambey and
Diourbel). Moreover, the firewood problem seems directly associated
with the absence of Guiera senegalensis.
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Table 7.4

Perceived Current and Future
Forest Product Supplies
(Number and Percent of Responses)

Product Supply Sufficient Insufficient
No. Per. Per.

Current fuelwood 25.0 75.0
Future fuelwood 18.1 68.1

Current service wood 6.9 93.1
Future service wood 12.5 75.0
Current forage 9.7 90.3
Future forage 15.3 70.8

Source: Survey data, n=72.

7.2.1 Perceived reasons for decreasing tree cover

Informants who perceived a decrease in tree cover over the past
years (55% or 40 informants for A. albida and 70% or 50 informants for
other species) were then asked to specify the reasons for the
decrease. Responses are summarized in Table 7.5 and discussed in

detail below.

Table 7.5

Perceived Reasons for Decrease in
Tree Cover
(Number and Percent of Responses)

Other species

Bush fires

Drought

Cutting for firewood
Cutting for forage
Cutting for service wood

Cutting for charcoal
Clearing for agriculture
Field preparation
Browsing by animals
Told to clear
Decreasing water table
Total responses

Source: Survey data.
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7.2.1.1 Drought/decreasing water table

Over the past several decades, substantial evidence has
implicated drought as an initiator or important contributor to forest
declines (Smith 1990). Wentling (1983) estimates that over 40% of the
Sahel’'s A. albida trees perished in the great drought of 1968-1973.
Trees in chronic drought areas such as the NCPB typically allocate an
abnormally large carbon component to their roots (Waring 1987).
Sustained drought halts photosynthesis, depletes carbohydrate
resexves, attenuates defensive compound synthesis, and ultimately
reduces canopy mass (Pook 1984, Waring 1983). Enhanced pathogen and
insect stress is also linked to drought-stressed plants (Smith 1990).

Informants perceive drought/decreasing water table to be the
main cause for the decline in both cad and other species tree cover,
accounting for 40.0% and 33.3% of total responses respectively.
However, as one informant observed, there appear to be a need to
distinguish between the impact of drought versus drought'’s effect on
the water table.

A. albida has a fast-growing tap root (5m after only one year’'s
growth-Giffard 1971) capable of reaching depths of over 40 meters
(CTPT 1986) to the water table. Surface lateral root development is
rare and usually only occurs after years of frequent pruning
(Bonkoungou 1987). Thus, given A. albida's reverse deciduous cycle,
the actual amount of rainfall (or surface retention) does not appear
to be as important in older tree survival as fluctuations in the water
table might be.

In order to explore this hypothesis further, an attempt was made
to examine the relationship between the distribution of cad by age

class/year and rainfall patterns over the past years. The first step
-in the analysis was to estimate the age class of the cad trees
inventoried. Growth rates of cad are highly variable, depending on
both site and a considerable amount of genetic variation (Felker

1978). cCad is a prolific sprouter and root sprouts tend to have
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higher growth rates than seedlings (Giffard 1971)), although this
difference has not been quantified. For seedlings, however, annual
diameter growth rates are reported by Mariaux (1966) to range from
0.61 to 2.9 cm, by Wickens (1966) to be 1.59 + 0.59 cm, and by Anon
(1966) to range from 0.31 to 2.9 cm. The wide variation in growth
rates is due to both site differences and genetic variability (Felker
1978).

Based on the above research and on discussions with farmers
about the age of certain trees!5?, five different growth rates were
chosen; 1.0, 1.1, 1.2, 1.3, 1.4 and 1.5cm per year. Regression
analysis was then used to model the distribution of cad by age class
using these different growth rates, as a positive function of the
average rainfall in the districts of Thiés and Diourbel since 1965.
Time series analysis was also used in order to lag tree distribution
by one and two years to determine if a better "fit" or relationship
could be established. The general hypothesis is:

Hypothesis 7.1

Hio)t There is no relationship between the distribution of A.
albida by age class and average rainfall.

H;)t Distribution of A. albida by age class is a positive

function of average rainfall.

Using all of the diameter growth rates noted above, each one
lagged by one and two years, the regression analyses suggested that
there is no relationship between average rainfall and the distribution
of cad by age class. For illustrative purposes, the relationship
between rainfall and cad age class distribution at a diameter growth
rate of l.2cm per year is presented graphically in Figure 7.2. The
natural logarithm of both total trees/ha/age class (LOGTOT) and
rainfall (LOGRAIN) were used in order to put both variables on a

similar scale.

1520n several occasions, informants knew the exact age of a
particular tree and an average diameter growth rate for these
individual trees was estimated at 1.2cm/year.
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Source: Rainfall data (average of the districts of Thiés and
Diourbel) are from DA/DISA reports. Tree distribution data are
from the Biophysical Inventory.

Figure 7.2

Relationship Between Distribution of
A. albida by Age Class and Rainfall

The results of the regression analysis on the above data
(natural log of total trees/age class at an annual diameter growth
rate of l.2cm/year - LOGTOT, as a positive function of the natural log
of average rainfall - LOGRAIN) suggest that there is no relationship

between tree cover by age class and rainfall.
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DEP VAR: LOGTOT N: 24 MULTIPLE R: .081 SQUARED MULTIPLE R: .007
ADJUSTED SQUARED MULTIPLE R: .000 STANDARD ERROR OF ESTIMATE: 1.572

VARIABLE COEFFICIENT STD ERROR STD COEF TOLERANCE T P(2 TAIL)

CONSTANT 5.551 6.443 0.000 . 0.861 0.398
LOGRAIN -0.400 1.050 -0.081 1.000 -0.381 0.707

ANALYSIS OF VARIANCE

SOURCE SUM-OF-SQUARES DF MEAN-SQUARE F-RATIO P
REGRESSION 0.359 1 0.359 0.145 0.707
RESIDUAL 54.397 22 2.473

In terms of the influence of water table depth on the
distribution of cad, it was expected that there would be a inverse
relationship between tree density and water table depth. The
hypotheses are:

Hypothesis 7.2:

Hp)t There is no relationship between average A. albida tree
density per hectare per farm (TOTCAD) and water table
depth (WELL) as estimated by the depth of the village
well.

H,): Average A. albida tree density per hectare per farm
(TOTCAD) is a negative function of water table depth
(WELL) as estimated by the depth of the village well.

BEypothesis 7.3:

Hpo): There is no relationship between average A. albida
regeneration rate per hectare per farm (AALBl) and water
table depth (WELL) as estimated by the depth of the
village well.

H;,: Average A. albida regeneration rate per hectare per farm
(AALBl) is a negative function of water table depth (WELL)
as estimated by the depth of the village well.

The results of the regression are presented below. As

predicted, the relationship between water table depth as measured by
depth of the village well and cad tree density and regeneration rate

are highly significant (99% confidence interval one-tailed).
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DEP VAR: TOTCAD N: 66 MULTIPLE R: .321 SQUARED MULTIPLE R: .103
ADJUSTED SQUARED MULTIPLE R: .089 STANDARD ERROR OF ESTIMATE: 11.256

VARIABLE COEFFICIENT STD ERROR STD COEF TOLERANCE T P(2 TAIL)

CONSTANT 17.938 2.703 0.000 . 6.638 0.000
WELL -0.168 0.062 -0.321 1.000 -2.707 0.009

ANALYSIS OF VARIANCE

SOURCE SUM~-OF-SQUARES DF MEAN-SQUARE F-RATIO P
REGRESSION 928.678 1 928.678 7.329 0.009
RESIDUAL 8109.131 64 126.705

DEP VAR: AALBl1 N: 66 MULTIPLE R: .322 SQUARED MULTIPLE R: .104
ADJUSTED SQUARED MULTIPLE R: .090 STANDARD ERROR OF ESTIMATE: 0.825

VARIABLE COEFFICIENT STD ERROR STD COEF TOLERANCE T P(2 TAIL)

CONSTANT 1.326 0.198 0.000 . 6.697 0.000
WELL -0.012 0.005 -0.322 1.000 -2.724 0.008

ANALYSIS OF VARIANCE

SOURCE SUM-OF-SQUARES DF MEAN-SQUARE F-RATIO P
REGRESSION 5.051 1 5.051 7.421 0.008
RESIDUAL 43.559 64 0.681

During the course of the study, the impact of a declining water
table on the cad survival was observed first-hand near the study
village of Mbayene Missirah, located about 10 kilometers north of
Touba. The water table in the area is at about 70 m, but nevertheless
supports a fairly good population of mature cad trees (about 10
trees/ha) with little evidence of any severe pruning. However, the
area has a number of small hills which rise about 10 to 15 meters
above the rest of the landscape. These hills had a number of dead cad
trees (about 2 per hectare), while the trees of the lower elevations
were not apparently affected. Farmers from the village reported that
these trees died in 1986 which coincides with the drought the area
experienced the same year. This would suggest that where the water
table is deep, even relatively small fluctuations in its depth due to

even a short drought can have an impact on tree survival.
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7.2.1.2 Pruning (émondage)

One of the more visible actions taken by farmers in the NCPB
vis-a-vis cad is "émondage” or the lopping/pruning of branches. Even
a casual observer to the area will notice that the vast majority of
cad trees have been pruned to one degree or another. Pruning of cad
and other species is done for a variety of goals including the
provision of forage, service wood and fuelwood. Most often, these
goals are interrelated and are difficult to distinguish. Based on the
results of the Biophysical Inventory, it is estimated that an average
of 13.4% of A. albida crown cover per farm!3? has been removed by
pruning (a minimum of 0 to a maximum of 50% by farm), and 12.2% of
other species (a minimum of 0 to a maximum of 50% by farm).

Pruning for forage: Lopping branches for dry season animal
forage was, according to informants, an important factor in the
decline of both cad and other species. Twenty-nine informants
(40.28%) indicated that they practiced émondage of cad in order to
obtain animal forage. Of those who reported not pruning cad, the
reasons most often cited are interdiction by Eaux et Foréts (13
informats or 25.5%), absence of animals (13 or 25.5%), or they prefer
not to prune for various reasons including fear of reducing crop
yields (23 or 45.1%). Only two informants reported having sufficient
"other” forage resources and only practiced émondage in particularly
bad (drought) years.

In order to gauge the relative impact of pruning for forage on
cad, survey participants were asked what actions they took if
sufficient animal feed (crop residues, peanut/cowpea hay) was not
produced on-farm. The frequency of responses provided in Table 7.7
below generally reflects the order of actions taken by farmers to
secure adequate supplies of animal feed. Once on-farm forage fodder

supplies are depleted, the most common action is to look for straw in

133Note that 1008 of the crown of individual tree is often pruned
for both cad and other species.
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unexploited areas (khors, bas fonds, forest remnants, fallow areas,
etc.) The most common species gathered is Pennisetum pedicellatum
(bop or mbop in Wolof). When hay/straw from these areas are depleted,
farmers turn to the pruning of forage trees. After forage tree
resources have been depleted, farmers will then purchase feed
concentrate, peanut hay, son de blé or millet and occasionally
torteaux d'arachide. Five informants reported selling an animal and
one informant reported selling millet in order to obtain the cash
required for feed purchase.

Table 7.6

Reasons Given For Not Pruning A. albida
(Number and Percent of Responses)

Reason

Sufficient other forage
Interdiction by DEF

Just don’t cut
No animals
Total responses

Source: Survey data.

Table 7.7
Actions Taken By Informants When On-Farm

Forage Resources Are Depleted
(Frequency and Percent of Responses)

Action

Look for straw "en brousse”
Prune forage trees
Purchase peanut hay
Purchase feed concentrate
"Confiage"” to a herder

ORANDOVWOVORN

Borrow peanut hay

Sell millet, purchase feed
Purchase peanut torteaux
Purchase son de blé/millet
Sell animals, purchase feed
Total responses

oOdWwWwNoOOW

—
o

Source: Survey data

Group discussions with farmers who practice émondage suggest
that trees to be pruned for forage are not selected at random, but

selected according to three general criteria including: (i) quantity



l

w quity ¢
ey, Int

fi rule ot

product. Wher
pu, When t
mey two yea
niection as

feer:

.
(V-]

)

-t e rnTY

O >N O -




234

and quality of pods; (ii) quantity of leaves; and (iii), number of
thorns. 1In terms of frequency of pruning, there appears to be no
fixed rule other than aspect of the tree and need for a particular
product. When the need is for forage, the tendency is to prune every
Year. When the need is for service wood, the tendency is to prune
every two years or more. In turn, both the criteria for tree
selection as well as the frequency of pruning/appear to depend on four
factors:

- genetic variability- Considerable variability was
noted!%* with regard to cad leaf, pod and thorn
production. Given that the majority of sites/fields are
fairly uniform, it is assumed that much of this difference
is due genetic variability!5°. Many farmers appear to
take advantage of this variability when selecting young
trees to protect, stake and prune;

- age- Farmers usually begin pruning cad between 8-12 years
of age, or generally when the crown is well developed.
Kone (1986) found that the most frequently pruned age
class is between 10 and 30 years. Older trees appear to
be pruned less frequently as farmers consider them to be
generally less productive;

- rainfall- After a poor rainy season, informants and other
farmers remarked that cad leaf and pod production often
decrease;

- previous pruning- Farmers report that trees which are
severely pruned one year are considerably less productive
the next, and if possible are given a chance to recover.

Time of pruning generally depends on the availability of other

forage resources as suggested above. As Table 7.8 indicates, the
majority of pruning for forage takes place from April to June - at the
*nd of the dry season and/or when other sources of animal food (crop
Tesidues, grasses, etc.) have been depleted. Farmers who prune
®arlier have generally depleted all other forage or have very limited

£°r‘9‘ resources. However, only ten informants (34% of those who

e ————

13410 fact, it appears possible to distinguish at least three

:;giotiel of cad in Senegal: the typical cad of the NCPB, the cad
und Thids which is smaller and has a more yellow cast, and the cad
e °? grows in the rice paddies of Casamance, whose aspect is
O¥pletely Qjifferent from the previous two.

usrﬁlker (1978) also argues along similar lines.
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prune) indicated that they prune early (in January and February).
Length of pruning varies according to rainfall and availability of
other forage resources but some informants reported pruning for a five
month period, while others pruned for only a month. The average was
2.3 months.

Leaves vs. pods: A distinction needs to be made between
branches pruned and pods pruned (or more frequently knocked down) as
the former results in considerably more damage to the tree.
Originally, it was assumed that the majority of pods used were simply
foraged by animals from the ground. However, 63 or 87.5% of inform-
ants indicated that they (or more frequently their children and wives)
intentionally harvested pods for concession feeding of animals. The
Primary reason for harvesting pods is to ensure that their own
livestock will receive the benefits from what they consider to be
their trees. Pods are harvested by either knocking them off the tree
with a long pole, or actually cutting them off with a hooked blade
attached to a pole.

Table 7.8

Pruning Periods (Number of Informants)

Month

o

January
January/February
February/March
February/May
February/June
March/May
March/June
April
April/May
April/June
May/June

June

1
2
2
2
1
1
2
1
3
2
9
3

Source: Survey data.

In addition to concession use of pods, ten informants (16%)
indicated that either themselves or someone in their household
(usually Women and/or children) harvested pods for selling. The
Average price was 215 fcfa per basin (2-3 kilos) with a maximum of 400
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fcfa and a minimum of 125 fcfa per basin reported. While the impact
this practice on cad regeneration could not be quantified, it is
suspected that the export of seed from the NCPB may be seriously
compromising regeneration of cad in certain areas. During the months
of March and April, it is not uncommon to see 30-40 women along the
Thids-Tivacuane and the Thids-Diourbel roads each with one or two
basins of pods for -alq. Discussions with these women indicate that
the majority of pods are sold to residents of Dakar, Thids or Diourbel
to be used primarily for appears to be "urban" concession feeding of
animals.

Finally, informants were also asked to specify if there were any
particular animals which benefitted from cad forage (both pods and
leaves). As Table 7.9 indicates, sheep and goats are the primary
beneficiaries of cad forage (both pods and leaves) with cattle ranking
third. However, in terms of frequency of responses, sheep and goats
tend to benefit more from pods than leaves while cattle benefit
equally from both. One informant reported giving pods to "skinny
cattle” to "fatten them up” while one informant gave pods to donkeys
a3 "they have to work hard".

Table 7.9

Animals Fed A. albida Pods And Leaves
(Number and Percent of Responses)

Animal

Beef

Sheep
Goats
Donkeys
Total

Source: Survey data.

Nomadic herders: Peular herders are also responsible for

“°“d‘9° in the NCPB although the amount of degradation they actually

Caduse is not clear. The principal investigator was informed of and
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able to verify disputes between farmers and herders in two survey
villages!®. These conflicts led one village to create a "pro-
tection” committee to patrol fields in the afternoon hours!®’, and
the other village to begin marking cad trees with pieces of bark or
cloth as a sign of ownership. These methods of farmer adaptation to
current socio-economic and ecological conditions are discussed in
8ection 7.5. In other villages, the Peular were often blamed for
the amount and severity of pruning taking place around the villages.
However, it is suspected -- considering the absence of large herds --
that most of the damage was done by the villagers themselves. 1In
fact, during group discussions, informants and other farmers from
these villages admitted (with much laughter) that this was in indeed
the case. In short, Peular herders often appear to make convenient
scapegoats given their mobility and the difficulty DEF agents have in
verifying village claims of infractions.

In other instances, the relationship between farmers and
Pastoralists may be more symbiotic. The practice of "parcage”
involves a pastoralist stationing his herd on a farmer’'s field or
fields for 2-3 months. 1In exchange for his crop residues and cad
forage or browse, the farmer receives the benefit of the manure. Nine
of the 38 farmers (24%) who reported practicing parcage indicated that
they made such arrangements with Peular herders!®®. occasionally
even this arrangement may result in some conflict. Kone (1986)
Teports that some farmers go as far as to sell the right to prune the

cad trees of their neighbors to passing herders.

—

abl 1%The herders were still camped close to the villages and were
® to corroborate the villagers stories.

and 1”‘Otw.on the hours of 2:00 to 5:00 pm. the majority of farmers

oy their families return to the concession from their fields for the
P N meal and a rest. As a result, this is the favorite time for
Sular tree poaching.

£ 1”’"" remainder used their own cattle or the herds of someone
Tom the village.
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Additionally, the recent conflict between Senegal and Mauritania
may also have had an impact on the A. albida and other species
regeneration. Traditionally, Mauritanian herders brought large herds
of camels, cattle, sheep and goats into the Peanut Basin (reportedly
as far south as Kaolack) for dry season grazing. However, since the
border conflict in 1988, this practice has stopped and the subsequent
reduction in grazing pressure has undoubtedly had an impact on tree
populations. Additionally, the indigenous animal populations in the
area have generally decreased over the past few years (Centre Suivi
Ecologique 1989) which has also contributed to reduced grazing
pressure.

The effects of pruning: One of the major concerns in the NCPB
today is what effect the more or less continuous pruning of cad for
forage and other purposes is having on crop yields in particular and
on the cad population in general. Of those farmers that actively
Prune cad, 11 (38%) felt that crop yields decreased with severe
Pruning (over 75% of crown removed) while 18 (62%) noticed no impact
or had no opinion. Those that perceived a decrease in yields maintain
that it was either prune the cads for forage or lose their animals--
they said they had no choice as all other supplies of feed were
exhausted. Moreover, a majority of the farmers who actively prune
indicated that trees that were periodically pruned tend to produce
Rore pods and leaves than those that are not. In particular, they
Doted when older trees are pruned (over 40 years old), they tend to
Produce more foliage the following year while producing more pods the
fécond year after the operation.

While the practice of pruning cad obviously has scme
'11Vicu1tura1 advantages as it does for a number of other species, the
impact of severe pruning on the cad population in general is
“nd°“bt‘dly important but difficult to gauge as it appears to be
directly linked with rainfall. A poor rainfall year results in fewer

CIop residues and grasses and resulting increased pressure on cad. If
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rainfall is adequate and water tables stable the following year, cad
appears to be able to recover and can sustain some light pruning. If
rainfall is poor, the cad may or may not recover but if it is pruned
severely yet again as livestock conditions may warrant, its chances of
recovering are considerably reduced. 1In fact, one informant remarked
that two consecutive drought years combined with two years of severe
pPruning more often than not results in the death of the tree.

Browsings A distinction also needs to be made between pruning
for forage and general browsing of woody perennials by animals. If
animals are indispensable for the propagation of cad, many argue that
browsing also results in considerable damage. According to
informants, however, browsing by animals has more impact on other
species than on cad. This reasoning may have some biological basis as
well. Wwhile the leaves of young cad trees are preferred by animals,
seedlings are armed with two-inch thorns which appear to protect them
from the majority of animals. Literally hundreds of young cad trees
(less than S5cm in diameter) were counted -- quite often the only green
Vegetation around at the end of the dry season -- and very little
browse damage was noted.

Again, the conflict between Senegal and Mauritania may also be
at play here as well. Farmers report that camels are notoriously
"good" browsers of cad and are able to circumvent the thorns with
their mouths. However, given the absence of camels in the study area,
there was no means of verifying this hypothesis.
7.2.1.3 Pruning for service wood

In the past, species such as Prosopis africana, Anogeissus
1.1°°'1PUI, Borassus aethiopum and Diospyros mespiliformis provided
the majority of wood used house construction, fence posts, roof
SUpports, etc. As these species have now become quite rare in the

Ncpplsy farmers are obliged to turn to the more plentiful cad to

1
*See Appendix K for the actual distribution.
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supply these needs placing additional strain on an already scarce
resource. The situation is exacerbated by the fact that according to
farmers, species such a P. africana and A. leiocarpus would last
between 30 and 40 years before requiring replacement. Cad, on the
other hand lasts only about 10 years and thus requires much more
frequent replacement.

In terms of wood quality and duration, farmers egquate cad with-
Asadirachta indica (neem). Neem grows in many of the villages in the
NCPB and actions undertaken to increase its presence may have a
positive impact on cad.

Pruning cad for service wood involves selecting a particular
branch on a particular tree which meets a farmer’s particular
requirements. All undesirable secondary branches which might disturb
development are removed and growth and development of the branch is
monitored for two or three years depending on rainfall, soils, etc.
When the branch has attained the length and diameter desired, the

farmer then harvests it.

7.2.1.4 Pruning for fuelwood

The distinction between pruning cad and pruning other species
for fuelwood is particularly important as many consider fuelwood
hlrvelting to be a major contributor to cad’s decline. For example,
the Plan Directeur de Développement Forestier (1981) estimates that
One-half to three-quarters or more of the rural fuel in the Peanut
Basin is from sources other than forest areas, namely trees on fields
Such as A. albida, Guiera senegalensis, plus crop residues and manure.
81‘11‘31Yo some argue that demographic pressure on the A. albida
System (particularly from urban markets) raises the species value to
the point at which economic pressure to cut it and use it exceed its
Value as a continuing part of the agricultural system (Arnold 1984).

Survey results suggest that contrary to this conventional

wisdom, fuelwood harvesting may not play much of a role in cad’s
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decline. Livewood from cad is seldom harvested for fuelwood and
rarely are whole trees cut, even by passing nomads. While women have
major responsibility for the collection of fuelwood, Kone (1986)
reports that they rarely participate directly in pruning cad for
firewood. Kone (op cit.) as well as group discussions with farmers
suggest that there are three common practices with regard to cad: (i)
women collect branches pruned by the pastoralists or others after the
leaves have been removed; (ii) women may hire a boy from the village
to climb a tree and cut dead and occasionally living branches.
According to the particular arrangement, the boy might be paid in cash
for dead branches or by the pods and leaves in the case of living
branches; and (iii) women will occasionally use a pole to knock or
pull down dead branches themselves.

The exception to these practices appears to be when women own
animals. In two villages the principal investigator observed women
actively pruning cad branches for their herds of sheep and goats
anxiously awaiting underneath. Discussions with these women indicated

that they were the proprietors of the animals, that this was a millet
field that they held in common (champs collectif) and that they
<considered the cad trees in this field to be their property to do with
&S they desired. They further indicated that they would share the
fuelwood among members of the group.

Two additional factors suggest that pruning of cad for fuelwood
has 1ljttle impact on overall population. First, while cad is an
important firewood species, it ranks behind Guiera senegalensis and
Balanites aegyptiaca in terms of preference as Table 7.10 indicates.

While cad is considered by informants to be a "hardy, economical
®nd plentiful” species, its other benefits are considered by

informants to be more important.
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Table 7.10
Puelwood Species

Species Preferences and Perceived Benefits
(Frequency of Responses)

Perceived benefits

Species

Dry Char-
coal

Acacia albida

Acacia nilotica
Acacia raddiana
Acacia seyal
Anogeissus leiocarpus
Antiaris africana
Balanites aegyptiaca
Bauhinia rufescens
Combretum glutinosum
Combretum micranthum
Cordyla pinnata
Dalbergia melanoxylon
Diospyros mespiliformis
Guiera senegalensis
Mitragyna inermis
Parinari macrophylla
Prosopis spp.
Pterocarpus erinaceus
Tamarindus indica

HFWHHENOFMNNNUHOWNNEEY
HFHHOMFHHMHONHHOONNKHOKMW
ONOHONOHOFHKHHAOOMOOO
OO0 O0OOHOOOHOHOHKOKHOOO
HH~OOOOOHOOOOMNOOMOO
oOHOOOVOOOMNONOOOOOWM

Source: Survey data.

Informants were also asked to list the benefits they felt they

derived from cad. Results are summarized in Table 7.11.

Table 7.11

Perceived Benefits of A. albida
(Number and Percent of Responses)

Benefit

Fuelwood

Forage (leaves)
Forage (pods)

Crop yields

Selling pods

Erosion control (wind)
Shade

Soil conservation
Service wood

Total responses

Source: Survey data.
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The frequency of responses suggests that forage (leaves and pods
combined), and increased crop yields are all accorded approximately
equal importance (17.1%, 19.1% and 18.8% of total responses
respectively). This is followed by service wood (12.3%), soil
conservation (9.7%), erosion control (6.3%) and shade (8.3%). Cad as
fuelwood ranks next to last as a benefit, only slightly more important
than selling pods.

Having identified benefits, informants were then asked to rank
them in order of importance. Responses for first, second and third
choices were summed and the percent of total responses provides an
indication of the relative importance of benefits. Table 7.12
suggests that informants consider increased crop yields to be cad's
most important contribution followed by pod forage, service wood and
s0il conservation. In terms of cad’s perceived importance as a
fuelwood species, it is again next to last following leaf forage but

before shade.

Table 7.12

Order Of Importance of A. albida Benefits
(Number and Percent of Responses)

Benefit First Second Third Percent
Choice Choice Choice

Increases yields 12 44 29.6
80il conservation 4 7 10.9
Service wood 14 12 16.4
Shade 1 4.6
Forage (leaves) 14 9.6
Forage (pods) 26 22.3
Firewood 3 6.8
Total responses 100.0

Source: Survey data.

The second factor which suggests that pruning for fuelwood has
litele impact on the cad system is simply that if growth of urban and
Tural populations is having an impact on fuelwood demand as some
bhloivo, one would expect that there would be evidence that A. albida

Was being bought and sold in the study area. However, survey results
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indicate that no informants were selling firewood in the study
area’®® and only three reported purchasing it. As Table 7.13
indicates, only three species- B. aegyptiaca, P. macrophylla and P.
erinaceus- were purchased. No informants reported marketing cad
fuelwood and a occasional spot check at two weekly markets (Ndangalma
and Thilmakha) showed no cad but mainly B. aegyptiaca and G.
senegalensis being sold.
7.2.1.5 Frield clearing

Informants perceive that clearing new fields has a bigger impact
on other species than on cad. This reasoning has both a biological
and sociological basis. From a sociological point of view, practi-
cally the only land in the NCPB which has not been exploited at one
time or another is the bas-fonds or khor areas (clay depressions).
However, more and more of these areas are being cleared for vegetable

gardens if water table depth permits.

Table 7.13
Fuelwood Species

Species Bought And Sold
(fcfa)

Buy
Price Unit

Species

Balanites aegyptiaca 1500 charrette
Parinari macrophylla 1000 charrette
Pterocarpus erinaceus 1000 charrette

Source: Survey data.

Biologically or ecologically, A. albida does not generally grow
©n these areas (preferring the sandier dior soils) and species such

Balanjites acjyptiaca and Acacia nilotica generally predominate. As a

e ———

16yhile no informants reported (or admitted) selling firewood,
farmers from three survey villages (Kiel, Pal Seck and Tougouthe) were
Selling G. senegalensis to Tivaouane, Diourbel and Bambey
Tespectively.
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result, clearing these areas for agriculture probably has little
impact on cad.

Only one informant reported that he was told to remove trees
from his fields under the auspices of SODEVA's "ten commandments”. He
indicated that he was required to conform to certain agricultural
practices which included the complete removal of trees from fields (A.
albida and others) in order to obtain traction animals and other
inputs from SODEVA.
7.2.1.6 Frield preparation, cultivation and harvesting

The impact of field preparation, cultivation and harvesting on
cad and other species regeneration is another area cited by informants
as a problem. Field preparation begins 2-3 months before the rainy
season and is aimed at removing crop residues and bushes (primarily
coppicing species such as G. senegalensis and Combretum spp.) to
facilitate passage of the grain drill. There is generally no deep
Plowing per se, but the field is prepared for planting by shallow

Plowing with a horse or donkey drawn "houe sine" or by hand with an
"iler". Discussions with both informants and other farmers suggest
that the major problem affecting cad regeneration at this stage is
Youth. The task of field preparation is generally delegated to a
farmer’'s sons or "sourga familial", who, according to informants, -
Ni@ither take the time to differentiate between species when removing
bushes nor plow around seedlings during plowing and cultivation.

Additionally, one of the difficulties cited by farmers in terms

©f cultivation is that it is easier to cultivate around seedlings in
Mmillet fields where the spacing between millet plants is fairly large
(1.0m to 1.2m) than in peanut fields where spacing between plants is
ach narfovor (0.30m to 0.60m). The regeneration problem is
®Xacerbated by the fact that the majority of the farmers follow crop
Totations.
The plant spacing problem also has significant implications
d“ring crop harvest. While millet heads stalks are harvested by hand,



pazuts ar

wleveuse’

rom for K

|
[

F

charzoal ul

0n ¢

‘charcoal
wtle to 4
Wt two (]
wIverted o
tsiderar |
] tIee-poc:
‘H5onable

feql,

Re decline
K of ap
M2 pare

Thoge
8 covey

i‘.‘C:e“e .



246

peanuts are harvested using a horse or donkey drawn "lame
souleveuse!‘!" whose 0.30m to 0.40m blade leaves little between-row
room for manoeuvering around seedlings.
7.2.1.7 Charcoal making
on three occasions, informants reported that there was illicit
charcoal making taking place around their villages, supposedly by
"charcoal makers from Dakar". While the principal investigator was
unable to confirm the origin of these charcoal makers, it was noted
that two (live) cad’s and one Tamarindus indica had been felled and
converted to charcoall®?. According to farmers there is a
considerable amount of illicit charcoal making taking place, which in
a tree-poor area such as the NCPB, seems somewhat surprising but
reasonable given transport costs from the southern/wood rich areas of
Senegal. However, in terms of making a significant contribution to
the decline of cad, it appears doubtful whether charcoal making has
much of an impact.
7-.2.2 Perceived reasons for increasing tree cover
Those farmers who believe that both A. albida and other species
tree cover are increasing were asked to specify the reasons for the

increase.

e ———

1611iterally, "lifting blade".

16210 all three cases, the perpetrators were reported to the local
DEF agent by the village. 1In one case, the culprit was apprehended
and forced to pay a fine of 25,000 fcfa. On several other occasions,
the practice of making charcoal from dead cad trees was observed and
is permitted providing a permit is obtained from the DEF.
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Table 7.14

Perceived Reasons for Increase in Tree Cover
(Number and Percent of Responses)

A. albida other species
Reason No. resp. Per. resp. Per.

Development project 0 0.0 25.0
Increased planting 1 5.0 25.0

Increased protection 13 65.0 50.0
Increased regeneration 5 25.0 0.0
Increased fallow 1 5.0 0.0
Total responses 20 100.0 100.0

Source: Survey data.

Results indicate that informants perceive increased protection
of natural regeneration by individuals to be the main reason for the
increase in tree cover for both A. albida and other species.
Increased regeneration during the past two years (due primarily to
higher rainfall) and increased fallow have also contributed to
increased cad cover according to informants. Only one informant felt

that a development project contributed to increased tree cover and
this only for species other than cad!®’. Informant perceptions on

increasing cad regeneration rates appear to reflect reality.

7 <.2.2.1 Increased rainfall and increased natural regemeration
As discussed above, there is a highly significant relationship

between water table depth and the natural regeneration rate of A.
@lbida. However, the analyses also suggested that there was no
Te@lationship between total rainfall and cad stocking density for a
Particular year. Admittedly this analysis and resulting conclusion
has several shortcomings, not the least of which is the estimation of
the age class and the relationship between the number of trees in that

8ge class and rainfall for a particular year.

—

163considering that there are no less than seven forestry or
forestry related projects currently operating in the study area, the
lications of the current "projectized" approach to natural
Tesources are discussed in Chapter 4.
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Additionally, it would be expected that total rainfall, number
of days of rainfall and residual dry season soil moisture content in
particular would have an impact on regeneration rates as well as on
younger tree growth rates and survival. Unfortunately, the above
analyses was not able to capture these relationships. Thus, while no
real conclusions about rainfall/drought and cad regeneration rates can
be drawn, the analysis does tend to support von Maydell’'s (1983:89)
contention that the species is more or less independent from
precipitation due to its tap root.
7.2.2.2 Increased fallow and increased mnatural regeneration

Informants also attributed an increase in the amount of fallow
as a factor in increasing regeneration/cad cover. However, as Figure
7.3 indicates, the percent of fields in fallow among informants
remained fairly constant from 1985 to 1989; there was no dramatic
increase in fallow which would account for the high regeneration rates

Oobserved in some fields. Moreover, cad is usually associated with
cultivated areas and has its highest grow rates when grown in
cambination with crops. It is therefore suspected that contrary to
farmer perceptions, fallow has little influence on cad regeneration

rates.

SOL FERTLITY MEASURES 1985 TO 1989
PERCENT OF TOTAL AREA

J\

%
1N
|

Figure 7.3

Soil Pertility Measures 1985 to 1989
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In order to test this hypothesis, informants were asked (for
each field in their possession) the last time that a field had been in
fallow since 1985, and for how long. Using the total number of years
a field was in fallow from 1985 to 1989 (TOTFAL) as the independent
variable, and the cad field regeneration rate (AALBl) as the dependent

variable, regression analysis was used to test the following

hypothesis:

Hypothesis 7.4:

There is no relationship between average A. albida field
regeneration rate per hectare (AALBl) and number of years
a field has been in fallow from 1985 to 1989 (TOTFAL).

B(o,z

H;): Average A. albida regeneration rate per field (AALBl) is a
positive function of length of fallow (TOTFAL).

The results of the regression, presented below, suggest that
there is no relationship between fallow and cad regeneration rate;

the null hypothesis must be accepted.

DEP VAR: AALBl1 N: 305 MULTIPLE R: .064 SQUARED MULTIPLE R: .004
ADJUSTED SQUARED MULTIPLE R: .001 STANDARD ERROR OF ESTIMATE: 1.256

VARIABLE COEFFICIENT STD ERROR STD COEF TOLERANCE T P(2 TAIL)

CONSTANT 0.878 0.088 0.000 . 10.011 0.000
TOTPAL -0.074 0.067 -0.064 1.000 -1.113 0.267

ANALYSIS OF VARIANCE

SOURCE SUM-OF-SQUARES DF MEAN-SQUARE F-RATIO P
REGRESSION 1.955 1 1.955 1.239 0.267
_:lebmu. 478.127 303 1.578

In addition to regeneration rate, the relationship between the
Number of cad trees/ha in the 1-5cm diameter class (AALB15HA) and
totay years fallow from 1985 to 1989 was also examined. The
"'ulnption is that fallow would not only have an impact on
TegJeneration rate but on the younger on-field cad trees as indicated
bY the diameter class. The hypothesis is:

Bypothesis 7.5:

Hioyt There is no relationship between the number of A. albida
trees/ha in the 1-5cm diameter class (AALB15HA) and the
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number of years a field has been in fallow from 1985 to
1989 (TOTFAL).

H;;)¢ The number of A. albida trees/ha in the 1-5cm diameter
class (AALB15HA) is a positive function of total fallow
(TOTFAL) .

Again, the results of the regression suggest that there is no

relationship between fallow and density of younger cad trees.

DEP VAR: AALBISHA N: 305 MULTIPLE R: .068 SQUARED MULTIPLE R: .005
ADJUSTED SQUARED MULTIPLE R: .001 STANDARD ERROR OF ESTIMATE: 15.748

VARIABLE COEFFICIENT STD ERROR STD COEF TOLERANCE T P(2 TAIL)

CONSTANT 8.551 1.100 0.000 . 7.776 0.000
TOTFAL -1.000 0.838 -0.068 1.000 -1.193 0.234

ANALYSIS OF VARIANCE

SOURCE SUM-OF-SQUARES DF MEAN-SQUARE F-RATIO P
REGRESSION 353.012 1 353.012 1.424 0.234
RESIDUAL 75140.075 303 247.987

7.2.2.3 The impact of manure and parcage on cad regeneration

There are at least two additional factors which may be
contributing to cad regeneration in the NCPB but which were not
considered by informants.

Manure: The first of these is an increased use of manure. As
Table 7.15 indicates, manure use appears to be increasing both in
terms of the number of informants as well as number of fields
Yeceiving manure.

Table 7.15

Perceived Manure Use Among Informants
1985-1989

Number of fields (n=305)
Hactares (n=variable)
Nnf, using man. (n=72)
Paxcent of fields
Paxcent of area
Paxcent of farmers

Source: Survey data.
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This apparent increase in the use of manure combined with the
fact that the majority of informants (63 or 87.5%) reported stall (or
concession) feeding pods to their livestock, has undoubtedly had a
positive impact on cad regeneration'®‘. 1In fact, on several
occasions extremely high regeneration rates (literally 100's of
seedlings/ha) were noted on fields where manure had been spread the
previous year and the informant reported stall feeding pods to his
animals. Using the total number of years a field received manure from
1985 to 1989 (TOTMAN) as the independent variable and cad field
regeneration rate (AALBl) as the dependent variable, the hypothesis
is:

Hypothesis 7.6:

Hio): There is no relationship between the A. albida
regeneration rate (AALBl) and the number of years a
particular field received manure from 1985 to 1989
(TOTMAN) .

H,,: Cad regeneration (AALBl) is a positive function of manure
use (TOTMAN).

The results of the regression suggest that there is indeed a
highly significant relationship (at the 99% confidence level one-
tailed) between manure use among informants and cad regeneration
rates; the null hypothesis is rejected. However, the regression’s
Predictive power is very low which indicates that there are other
factors which come into play. Not the least of these factors would be

depth of the water table, as discussed above.

e ————

1$4pagsing the pods through the digestive tracts of animals is one
Oof the best methods to soften an extremely hard seedcoat thus
1“°rOauing germination.
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DEP VAR: AALBl1 N: 305 MULTIPLE R: .171 SQUARED MULTIPLE R: .029
ADJUSTED SQUARED MULTIPLE R: .026 STANDARD ERROR OF ESTIMATE: 1.240

VARIABLE COEFFICIENT STD ERROR STD COEF TOLERANCE T P(2 TAIL)

CONSTANT 0.686 0.084 0.000 . 8.170 0.000
TOTMAN 0.138 0.046 0.171 1.000 3.029 0.003

ANALYSIS OF VARIANCE

SOURCE SUM-OF-SQUARES DF MEAN-SQUARE F-RATIO P
REGRESSION 14.108 1 14.108 9.174 0.003
RESIDUAL 465.974 303 1.538

As with fallow, we also examined the relationship between the
density/ha of younger cad trees (the 1-5cm diameter class representing
and age class of between 1 and 6 years), and informant use of manure.
The hypothesis is:

Hypothesis 7.7:

Hioyt There is no relationship between younger A. albida trees

(as represented by the 1-5cm diameter class - AALB15HA)
and the number of years a particular field received manure
from 1985 to 1989 (TOTMAN).

H(;): The density/ha of younger cad trees (AALB15HA) is a

positive function of positive function of manure use
(TOTMAN) .

The results of the regression suggest that there is no

Telationship between younger cad trees and previous manure use and the

Null hypothesis must be accepted.

e —

DEP vAR: AALB1SHA N: 305 MULTIPLE R: .010 SQUARED MULTIPLE R: .000
TED SQUARED MULTIPLE R: .000 STANDARD ERROR OF ESTIMATE: 15.784

VARIABLE COEFFICIENT STD ERROR STD COEF TOLERANCE T P(2 TAIL)

CONSTANT 7.903 1.069 0.000 . 7.392 0.000
TOTMAN -0.105 0.581 -0.010 1.000 -0.181 0.856

ANALYSIS OF VARIANCE

souRCB SUM-OF-SQUARES DF MEAN-SQUARE F-RATIO P
REGRESSION 8.178 1 8.178 0.033 0.856
L&wm 75484.908 303 249.125

Parcage: Parcage is another mechanism which is thought to

enhance both the natural regeneration of cad and other species. A
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total of 29 informants (40.3%) reported practicing parcage, either
currently (13 or 15.3%) or in the past (16 or 22.2%). Of these 29, 21
informants thought that there was a definite increase in the
regeneration of certain species, particularly cad, after parcage. The
remainder noticed no difference. The hypotheses are therefore:
Nypothesis 7.8:
Hio)t There is no relationship between the A. albida
regeneration rate (AALBl) and the number of years a
particular field received parcage from 1985 to 1989
(TOTPAR) .

H;): Cad regeneration (AALBl) is a positive function of parcage
(TOTPAR) .

Hypothesis 7.9:

Hip)s There is no relationship between younger A. albida trees
(as represented by the 1-5cm diameter class - AALB15HA)
and the number of years a particular field received
parcage from 1985 to 1989 (TOTPAR).

H;):s The density/ha of younger cad trees (AALB1S5HA) is a
positive function of positive function of parcage
(TOTPAR) .

DEP VAR: AALB1 N: 305 MULTIPLE R: .019 SQUARED MULTIPLE R: .000
ADJUSTED SQUARED MULTIPLE R: .000 STANDARD ERROR OF ESTIMATE: 1.259

VARIABLE COEFFICIENT STD ERROR STD COEF TOLERANCE T P(2 TAIL)

CONSTANT 0.831 0.076 0.000 . 10.886 0.000
TOTPAR -0.051 0.153 -0.019 1.000 -0.332 0.740

ANALYSIS OF VARIANCE

SOURCE SUM-OF-SQUARES  DF MEAN-SQUARE F-RATIO P
REGRESSION 0.175 1 0.175 0.110 0.740
| RESIDUAL 479.908 303 1.584

FEVAR: AALB15HA N: 305 MULTIPLE R: .058 SQUARED MULTIPLE R: .003
STED SQUARED MULTIPLE R: .000 STANDARD ERROR OF ESTIMATE: 15.758

VARYABLE COEFFICIENT STD ERROR STD COEF TOLERANCE T P(2 TAIL)

CON'SSTANT 8.115 0.955 0.000 . 8.495 0.000
TOT AR -1.923 1.914 -0.058 1.000 -1.005 0.316

ANALYSIS OF VARIANCE
SOURCE SUM-OF-SQUARES DF MEAN-SQUARE F-RATIO P

‘ REGRESSION 250.810 1 250.810 1.010 0.316
RES YpUAL 75242.276 303 248.324
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The results of both regressions suggest that there is no
relationship between parcage and natural regeneration of cad.
However, it should be noted that over the longer term, the use of
parcage appears to be declining. Only a total of 20 fields out of the
305 sampled ha<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>