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FOREWORD

The reasons for the very significant gap between potential and realized food
production in sub-Saharan Africa are multiple and complex. The decline in
fertility observed for many areas of soil has been described as the single most
important factor. Although this is a challengeable statement it undoubtedly
refers to an ever-present reality for the majority of farmers in the continent —~
that optimizing the nutrient balance on their farms is one of the most difficult
of the many agricultural management challenges they face,

A central featare of this book is the documentation of the great vatiety of
ways in which farmers have dealt with this problem. More importantly it also
gives exceilent insight into the ways in which the soil fertility issue interacts
with a multiplicity of other factors which impact on farm production — biolog-
ical, economic, social and political. Scientists, with their strong disciplinary
adherences, apply the power of reductive research to these issues and often
provide solutions which are valid within their own limits, but which are diffi-
cult to apply because of the lack of attention to these interactive factors,

The work reported in this book helps to tesolve this disjunction between
formal scientific method and the realities of fatm management. Scientific
methods of varying degrees of formality are used to document and analyse
the soil fertility ‘probiem’, the factors which influence it and farmers’ coping
strategies. The replication of this across different countries, environments
and communities permits the drawing of commonalitdes as well as distinc-
tions. The major benefit that may be gained from this is to inform scientists —
not just with data but with insights into the realities of the totality of the
farming enterprise. The challenge is then to identify those ‘entry points’ where
formal scientific knowledge can be employed to enhance the system as a
whole. A strong case can indeed be made that soil fertility management is a
very significant entry point becanse of the many interactions it has with other
components and because of the long-term nature of the effects that result
from changes in soil nutrient status.

This book is thus to be recommended not just for the information and
insights it provides with respect to the specific issue of soil fertility manage-
ment, but also because of the major questions it provokes about the
application of scientific research to the challenges of sustainable agticulture
under the prevailing conditions in African countries.

Professor Mike Swift
Director, Tropical Soil Biology and Fertlity Programme, Nairobi
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e A S T A AT SO AR AN

Soils are critical to agriculture and in turn to food security and livelihoods.
With 2 large proportion of the population in Africa dependent on small-scale
agticultare, the sustainable management of the soil resource is a high priotity
issue. This is increasingly recognized in national and international policy
debates. Yet such debates are often informed by limited insights into the
immense diversity and complex dynamics of real farming settings. Too often
a picture of ctisis and collapse informs policy statements, suggesting the need
for a particular type of intervention and management,

This book aims to look behind such statements by asking searching
questions about what is really going on. Through the detailed analysis of case
studies from Ethiopia, Mali and Zimbabwe a much more nuanced picture is
built up. In some places, for some people, soils are improving and sustainable
land management options are being encouraged. In other situations a more
negative scenario holds, where soil degradation potentially threatens the long-
tetmn viability of agriculture, The practdces of soil management are seen to be
intimately bound up with people’s broader livelihood strategies, with a whole
complex of factors impinging on the success ot otherwise of sustainable soil
management. HEcological dynamics, socio-cultural factors, institutional
arrangements and policies of various sorts all have an impact.

Such dynamics and diversity requite an interdisciplinary approach to analy-
sis, linking field-level practice to policy debates at national and international
scales. This book is based on research carried out by teams of researchers
from Africa and Europe over three years in a range of contrasting locations.
Natural science investigations of soil properties and nutrient flow dynamics
were linked to social science analyses of social difference, institutions and
policy, set within an understanding of the historical context. Togethet, such
analyses informed a process of action reseatch with farmers and reseatrchers
working together on practical solutions in the field.

The research results add up to a new approach to looking at soil manage-
ment issues in Aftica, with significant implications for development policy and
practice. An interdisciplinary methodology, for example, moves us away from
the often simplistic, aggregate technical diagnoses that have informed many
policy statements to date. Understanding soils in the context of livelihood
systems also suggests new ways of thinking and acting. Overall, the results
suggest 2 mote positive view of the prospects for sustainable agriculture in
smail-scale farming systems in Africa, with a fundamental challenge to the
ovetridingly negative views of crisis and collapse which have dominated the
policy debate, But this does not mean that all is well. The tesearch also points to
the critical need to develop new technologies and management practices which
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ate suited to the diversity of farmer needs and settings. It also points to the
need to take seriously instirutional and policy issues, across a vatiety of scales,
when addressing the challenges of natural resource management in Africa.

The research reported in this book has involved a lot of people. The
research teams (sce details in Chapters 2 to 4) involved 38 researchers in a
variety of different capacities, ranging from field data collection to research
coordination. In Ethiopia the NGOs FARM-Africa and SOS Sahel provided
the institutional base for the project, while in Mali the Institut d’Economie
Rutale’s Niono team led the work. In Zimbabwe the Farming Systems
Research Unit of the Department of Research and Specialist Services in the
Ministry of Agriculture was the coordinator. The commitment of the respec-
tive otganizations and the staff involved in the research has been critical to
the success of the work. In addition, farmers in the research sites, together
with extension workers, local government officials and others, have
contributed considerable amounts of their own time in collecting data, as well
as discussing and analysing the research findings. Without such inputs, and
especially the continuous, considered critique and reflection from the field
level, the grounded picture of real farming settings which the book aims to
capture would not have come through.

The overall research programme was coordinated by the Drylands
Programme at the International Instirute for Environment and Development,
and considerable thanks are due to Camilla Toulmin and her team in Edinburgh
and London. Coordination was shared, particularly for support to wosk in
Ethiopia and Zimbabwe, by the Environment Group at the Institute of
Development Studies, University of Sussex. Partners based at the Royal Dutch
Tropical Institute in The Netherlands have also been key in the research,
providing vital support work, particularly in Mali. The research group has met
on a number of occasions during the research process to share ideas, revise
plans and reflect on findings. The meetings in Tanzania, Ethiopia, Zimbabwe
and Mali have been vital in fleshing out the cote themes that make up this
book. We have been helped in this process, particulatly during the early stages,
by very productive interactions with a parallel project being coordinated by the
Tropical Soil-fertility and Biology Programme based in Nairobi. The reseatch,
of coutse, would not have been possible without the financial support of the
European Union Science and Technology for Development Programme {(grant
number: TS3-CT94-0329). We are most grateful to Mario Catizzone and Dirk
Pottier for their support and encouragement.

This book has been compiled and edited by Ian Scoones on the basis of a
wide range of reports and project outputs, Editorial assistance from Camilla
Toulmin and Annette Sinclair has been invaluable. The aim has been to
produce a synthetic product reflecting the richness of the case studies,
drawing lessons for development policy and practice more broadly. We hope
the book will both provoke further debate and be of interest to a wide
audience committed to environment and development issues in Africa.

Tan Scoones

Institute of Development Studies
Brighton

May 2001
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Chapter 1

TRANSFORMING SOILS:
THE DYNAMICS OF SOIL-FERTILITY
MANAGEMENT IN AFRICA

N e T N A RV S VA CORSITIUS S ARG

lan Scoones

INTRODUCTION

Issues of soil management are at the top of the international policy agenda
for Africa these days. Many statistics are magshalled to support the view that
something must be done about declining soil-fertility and increasing soil
degradation. If measures are not taken, it is argued, there will be a continuing
‘downward spiral’ of increasing land degradation and rural povertty.
Investment in agriculture, and pardcularly in soils and their management, must
be a high priority for public funding if Africa is to achieve any level of agricul-
tural success in its struggle for development.

While this summary of the mainstream position is in some senses a carica-
ture, it does resonate with many of the statements from international agencies
of recent years, as will be shown below. This refrain of concern, of course, is
not a new one, and the history of intervention in soils management in Africa
has been fuelled by such calls to action based on dramatic predictions about
future collapse.

One of the main messages of this book is that we must be extremely wary
about such generalized statements. The real world of farmers, explored in
detail with three country case studies in subsequent chapters, is much more
complex. Issues of spatial and temporal dynamics, of diversity and difference,
of history and change, of socio-economic setting and relationships, of policy
context and trends are central to a more balanced analysis of what is happen-
ing. While such detailed perspectives incorporate elements of the mainstream
position on soil-fertility change, they also point to new insights and new direc-
tions for intervention and policy.

An alternative conceptual basis for understanding soils and their manage-
ment can be derived from different disciplinary interactions and combining
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methodological tools from which to suggest new directions for the soil
management debate in Aftica. Such new directions contest the simplistic state-
ments generated by aggregate statistics and undifferentiated analysis, and
provide a mote comprehensive understanding of Jocal complexity, diversity and
dynamics. Such insights demonstrate why policy and intervention need to be
mote rooted in Jocal settings and local understandings (see Chapter 6).

Drawing on a comparative review of the case studies from Ethiopia, Mali
and Zimbabwe presented in Chapters 2 to 4, this overview synthesizes some
of these new directions. Following a look at how the soil-fertility debate in
Africa is conventionally understood, the case studies are introduced, highlight-
ing both contrasting and similiar features across sites. Next, the type of
evidence for soil-ferdlity change in Africa is reviewed, with an historical look
at how scientists bave understood the issue. The range of ‘narratives’ which
have informed mainstream policy thinking over time is identified, along with
their undetlying theoretical assumptions and methodological commitments.
In the following section, an alternative perspective is outlined, which attempts
to take the spatial and temporal variability of changes in soils into account. A
conceptual framework centred on an understanding of diversity and dynam-
ics is offered, together with some reflections on the methodological
implications of such an approach. By taking examples from the case studies,
the implications of interpreting soil change processes with such an alternative
lens are explored. The broader implications for research—action approaches at
field and policy levels are, in turn, further explored in Chapters 5 and 6. In the
final chapter, we turn to an examination of the range of determinants, both
endogenous and exogenous, of the multiple pathways of agticultural and
environmental change evident across the casc study sites, setting the analysis
of soil-fertlity change within a broader livelihoods context.

THE CURRENT POLICY DEBATEL

The current policy debate on soil management and agricultural development
in Africa is characterized by a strong storyline describing the nature and scale
of the problem, its causes, its consequences and the intervention options
available for doing something about it. Such policy ‘narratives’ (Roe, 1991;
Leach and Mearns, 1996) suggest a story about what the problem is and what
should be done about it. While thete are, of course, variations, with different
emphases and nuances, the basic argument and, importantly, the conclusions
remain broadly the same across a wide range of sources.? With concerns about
‘desertification” raised by international debates on the futare of the African
eavironment, such themes have gained great prominence in many quarters.’
An essentially negative picture is painted of a ‘downward spiral’ within which
increasing environmental degradation is associated with growing poverty, a
situation that requires major investments in soil-fertility management at
national and continental scales.

Today, soil-fertility decline — and particularly what has been termed ‘autri-
ent mining’ — is seen to be widespread in sub-Sahatan Africa, linked especially

TRANSFORMING S01LS 3

with population increase. Declining yields, as a result of continuous cropping
on exhausted soils, are shown to be 2 threat to food and livelihood security
across the continent. The major challenge therefore is to reverse the tide of
nutrient loss and increase the soil stocks through recapitalization initiatives. In
lauching the Africa-wide Soil-fertility Initiative, the World Bank and Food and
Agriculture Osganization (FAO) (1996, p1) atgue that:

The factor which impedes agricultural growth the most fundamentally is
continons mining of soil nutrients thronghout Afvica... Without restora-
tion of soil-fertility, Africa faces the prospects of serions food imbalances
and widespread malnutrition and likelibood of eventual famine.

Similarly, ICRAF scientists (Buresh et al, 1997, pxi) argue:

Sub-Sabaran Africa is the last continent facing massive problems of food
security because of decreasing per-capita food production. Extreme poverty,
widespread malputrition and massive environmental degradation are c.z’ir-'ect
consequences of a policy environment that results in large-scale natrient mining.

The undetlying causes of such degradation are seen to be associated with_ the
combination of population growth, poverty and poor agricultural practices.
The neo-Malthusian ‘nexus’ argument put forward by the World Bank identi-
fies a ‘downward spiral’ of increasing low productivity and land degradation
(see Cleaver and Schreiber, 1995). For example, the World Bank/FAO concept
paper atgues that, in many parts of sub-Saharan Africa:

The nexcus of rapid popuiation growth and high population densities, low
produstive agriculture, and depletion of natural resources has m_a{ea’
negative synergies that exacerbate excisting conditions of soil nutrient mining
and underdevelopment, thus creating a vicious circle of poverty and food
insecursty (World Bank/FAO, 1996, p4).

The result is seen to be a cycle of poverty and vulnerability linked to contin-
ued resource degradation:

In regions with fallow farming or integrated livestock farming. .. growing
poprlation pressure compels farmers to replant fallow land before soil-fertit
ity has been restored or to work marginal land only suitable for pastire or
forestry. The outcome is a dowmward spiral of instability-unsustainability.
The spiral ends in a vicious circle of “low input—low yield~low income’
(Steiner, 1996, p13).

This is certainly rather a pessimistic and depressing story, one that is xegeatc;d
in the context of many of the dominant policy commentaries in Eth10p1?.,
Mali and Zimbabwe. Contemporary national policies and donor strategies in
each of the countries focus on the potential negative consequences of increas-
ing population and heightened tisks of environmental degradation leading to
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threats to agricultaral production and rural livelihoods. For example, Gakou
et al (1996, pi) comment on the Malian situation:

In Mali, as in most Sabelian countries, the constraints of climate,
demographic pressure and the irrational exploitation of natural resonrces
canses degradation of agrienlsural land. .. This degradation is often agera-

vated by the fragility of cultivated lands and the poor adaptation of
production systems and technigues.

Similarly in Ethiopia, the Soil-fertility Initiative concept paper (Wales and Le
Breton, 1998, p6) notes:

The mechanisms promating soil degradation in Fthiopia are much the same
as elsewhere in Afvica. Forest clearance and soil exposnre, poor crop cnltiva-
tion practices including oultivation on stegp slopes, remaval of crop residues
and the burning of dung, and overgrazing, all contribute to s0il loss. Indirect
causes include poverty, insecure land tennre, papulation growth and economsic
policies which do not encourage good busbandry of land resources.

Given these dominant positions on policy it is necessary to ask: what is the
evidence for this rather gloomy, pessimistic position? Is the situation so
universally doom-laden, or is there evidence for a more optimistic view? Are
there alternative — or at least more nuanced — perspectives, based on differ-
ent methods and interpretations? Do these, in turn, suggest different
strategies for what to do and how to do it? These are the questions which

subsequent sections of this chapter, and the case study chapters that follow,
will examine,

UNDERSTANDING SOILS IN AFRICA

So what is the knowledge base upon which current researchers, planners and
policy makets draw? From the early colonial era scientists have invested
considerable efforts in trying to understand Africa’s soils. Coming from
temperate regions, colonial scientists were intrigued by the ancient, heavily
weathered soil formations, the rapidity of the mineralization and decomposi-
tion processes, and the spectacular nature of soil erosion, particulatly gullies,
A set of views about African soils emerged which continues to inform scien-
tific perceptions. These included beliefs that African soils are inherently
infertile, that erosion is a major issue, and that substantial amounts of soil-
regenerating materials must be added to ensure successful production. These
petspectives on tropical soil science ate only partly correct (see Greenland et
al, 1992). Many soils, particulatly those derived from more recent volcanic
activity, are highly fertile (Sanchez and Logan, 1992); soil processes vary
considerably between different soil types, temperatures and moisture regimes
{Woomer and Swift, 1994); and gullies, while impressive, may not be the most
important soil degradation issue (Stocking, 1994),
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As past of the process of colonial occupation, mapping and survey teams
were sent out to document the new tettitories. These usually included a signif-
icant soil survey component.® Classification and mapping had long been an
important component of soil science;"dating back to the earliest attempts in
Germany in 1862 (Russell, 1988). The carliest soil map of Africa was
produced in 1923 (Shantz and Marbut, 1923), but this was highly schematic. It
was not until soil surveyors undertook regional studies that a more detailed
understanding of soils emerged.®

The study of soil erosion was one of the early preoccupations of scien-
tists and technicians. This had its origins in the late 1920s when Haylett
established run-off plots at the University of Pretoria in South Africa
(Hudson, 1971). Similar plot-based experiments were established in various
countries during the 1930s and 1940s when policy concern about soil
erosion was reaching a peak (Tempany et al, 1944; Tempany, 1949). At this
time, commentators predicted soil erosion would lead rapidly to the
complete collapse of farming if protection was not afforded to the land (eg
Lowdermilk, 1935). The result was increased investment in soil erosion
ptevention measures across the continent, and further research into this
issue.

Soil-fertility maintenance was another theme which attracted the attention
of colonial scientists from the early part of the century. In particular, concern
was raised about the longer term prospects of monocropping, The result was
the establishment of trials to look at different rotational systems accompanied
by a varety of input strategies (Greenland, 1994; Swift et al, 1994; Bekunda et
al, 1997; Pieri, 1995).” Up to the 1950s, the majosity of recommendations
focused on combining legume-based rotations with organic-based inputs such
as cattle or green manure, composted in & vatiety of ways, possibly with the
addition of minerals such as rock phosphate or lime, depending on the condi-
tions (Watts Padwick, 1983). From the 1950s, however, a growing emphasis
on inotganic mineral fertilizers can be seen. This sesulted in the elaboration
of numerous yield-response curves, under a wide range of settings, resulting
in the development of fertilizer recommendations and packages for most
countties.

However, due to changing economic circumstances and growing concetns
about environment and health, a2 more recent shift can be detected which
emphasizes a more integrated soil-fertility management approach.” Today,
research efforts encompass a far wider range of technical issues, ranging from
legume innoculation technologies to agroforestry.)? Many of the concerns of
the 1930s with green manuring, composting and manure management have
returned to the top of scientists’ research agendas.!* The integrated soil-fertil-
ity management approach is supported by work which looks at the interaction
of biological, physical and chemical processes in the soil, and whick empha-
sizes the need to understand soil processes in order to increase the efficiencies
of use of different nutrient inputs (Woomer and Swift, 1994; Woomer and
Muchena, 1996; Cadisch and Giller, 1997).
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Emerging conclusions

A number of broad conclusions can be identified which emerge from these
vatious fields of research on Aftican soils.!? Experimental and survey work has
described the range of soils found in Africa in some detail, highlighting, in
particular, where the major macronutrients ate limiting, Large areas of the conti-
nent with old and weathered soils are severely deficient in the major nutrients;
in other areas the nutrient content of soils may be high, but this may not be
available for use by plants due to immobilization and fixation (Buresh and
Stnithson, 1997; Warren, 1992). Research also demonstrates how limiting factors
interact, both within a single time period and over time. Under different condi-
tions in the same soil, either nitrogen, phosphorous, water or mictonutrients
may be the key limiting factors. Work which links an understanding of soils with
plant growth and physiology also highlights the many points at which a certain

factor may limit plant growth. Increasing the efficiency of nutrient use may -
therefore require attention being paid to the interacting effects on crop yields of

uptake, utilization, replenishment and application efficiencies (Noordwijk,

1999). Such wosk emphasizes the importance of increasing plant gtowth poten-

tial not simply through the addition of external inputs, but also through
increasing the efficiencies of nutdent use by careful attention to the placement
and timing of input applications (Woomer et 2, 1994).

Longet-term expetiments show that when cultivation starts, yields decline -

rapidly (over three to four years) to 2 low-level equilibtium (Syers, 1997).
Declines in soil organic matter (SOM) are found to be particularly significant,

with 5 per cent losses on sands and 2 per cent losses on heavier soils being

recorded each year (Pieri, 1995). A threshold effect has been observed; if
SOM is reduced to around 1 per cent the response to fertility inputs is signif-

icantly reduced (Lal, 1995). Long-term soil amendment experiments show -

that yields can be boosted above the low-level equilbriutn amount, but this is
not sustained, particularly for inorganic fettilizers; this is less true for organic
inputs and systems in which rotation is a key component. Overall, the best
and most sustained long-term response to soil amendments is found where
organic and inorganic sources are mixed (Swift et al, 1994).

Soil erosion has been documented in all pares of the continent, with plot-

level losses ranging between 0.1 and 138 tonnes per hectare per yeat

(t/ha/year) (Scoones and Toulmin, 1999). Soil loss from arable plots of

around 40--50t/ha/year is quite typical (Lal, 1984; 1995). Cleatly soil erosivity |
increases with steeper slopes, more rainfall, and less ground cover. Howevet;-
the total soil fosses at a catchment level are much less than would be suggested -

by the plot measures. Catchment studies are few and far between, but all show

that processes of soil redistribution and deposition are important. A similar:

conclusion can be drawn from studies that look at siltation levels. While silta

tion of dams and other water bodies is a significant problem, the amount of

soil deposited is only a relatively small proportion of the total lost in th
landscape (see Walling, 1984 for Zimbabwe), as much of the soil is redmtnb :
uted rather than permanendy lost from productive use.

In recent years nutrient balance studies across Africa, pitched ata range 0
scales, have looked at how inputs and outputs match up in terms of key nutti
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Table 1.1.4 summary of nutrient balance studies in Africa'

Scale  Site Rainfall Unit Balance kafhafvear  Source

mimfyr - Nitrogen Phosphorous
Contin-  Sub-Saharan 220 -2.5 Stoorvogel et al
ental  Africa {1993)
Country Mozambique Smaitholder Folmer et at
rainfed (1998)
Cassava -48.0 ~9.0
Maize -48.0 -10.0
Region South-western  1350-  Kisil ~112.0 3.0 Smaling et al
Kenya 2059 district (1993)
Southern Mali Region -25.0 0.0 van der Pol
Maize «29.0 0.0 (1992}
Millet -47.0 -3.0
Fallow -5.0 0.5
Southern 700-1200  Production Breman et al
Mati systermn (1990}
‘Average’ -13.0 -
'Intensive’ -21.0 -
Village/ Fastern 2000~ Long-term Brand and Pfund
site Madagascar 3500 shifting (1998)
cuitivation
Site -30.0 0.4
Caichment -12.0 -0,2
Uganda 10501300 Farm land Wortrnann and
Site 1 -208.0 -80.0 Kaizzi {1998)
Sites 2 7.0 -9.0
Burkina Faso 450 Viliage field Krogh (1995)
({Sahelian zone) Sandy 0.1 0.4
Loamy ~5.6 -0.3
Clay -89 ~-0.2
Farm  Western 1600~ Farm (inc -86.0 ~3.8 Shepherd et al
highlands, 1800 hedgerows} {1995}
Kenya Shepherd and
Soule (1988)
Kistl, Kenya 1200-210G Famn -102.0 -2.0  van den Bosch
Kakamega, et al (1998);
Kenya 1650-1800 ~72.0 ~4.0  de Jager et al
Embu, {1998}
Kenya 640-2000 -55.0 9.0
Southern Field Eyasu et al
Ethiopia (1998)
Upland 1250 Homefield -3.0tc-4.5 4.0108.0
Quifield -54.0t0-95.0 301065
Lowland 800 Homefield 4.0 t0-24.0 3.010 10.5
Quifield -20.0t0-40.5 ~-1.01t06.5
Bukoba 1000~ Banana Baijukija and de
district, 2100 hamefields Steenhuijsen
Tanzania High rainfali ~76.0 Piters (1998)
Without cattle 80,0 5.0
Zero grazing 420
Low rainfall
Without caitle -49.0 -1.7
Zero grazing 31.0 23.5
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West Tanzania 800-950  Feld Budelman et al
Sandy (cotton/ {1995)
cassaval -17.0 0.0
Loamy/clay
(tice} -56.0 -7.0
North-east 820 Farm -28.2 ~3.4  Harrs (1996}
Nigeria to 2.5 029
North-east 360 Farm ~-8.98 -0.81 Harris (1997)
Nigeria t01.18 0 1.5
Southern Mali 800-90C  Farm 344 5.4 Defoer (1998)
Field -10.9 -14.1

ents. Table 1.1 offers a compilation of such studies carried out over recent
years at different scales and from different parts of Aftica. These data show a
consistent pattern of negative balances for nitrogen. Phosphorous balances
show 2 more mixed story, with some cases of accumulation. Balances are
more negative in the higher-rainfall, more productive sites {due to increased
erosion, more harvest removals etc). However, the amount of rangeland
required to support the livestock which might supply manure to compensate
for losses from arable Jands is less in the higher potential zones.!*

While there has undoubtedly been a range of high-quality scientific
research on soil management questions in Aftica over the last century, result-
ing in some impeortant conclusions, in order to look behind the neat statistics
and appatently concrete results, we must interrogate the methodological
assumptions used in mainstream analyses of soil change in Africa by explos-
ing the styles of investigation conventionally used. This is the subject of the
next section.

STYLES OF INVESTIGATION AND SOURCES OF EVIDENCE

The methods used by scientists to understand soils have naturally changed
along with the foci of tesearch described above. Several approaches have been
important in framing the way we understand Africa’s soils. Below, three broad
categories of methods are discussed: surveys and classification; controlled
experimentation on plots; and nutrient budget analyses. As lenses through
which mainstream soil science has looked at the issue, such approaches have
had enormous influence over the way problems have been defined, and poten-
tial solutions elaborated. The selective use of such findings has been key to
the sort of policy proclamations inttoduced earlier.

Surveys, classifications and plans have been enormously influential in
structuting the way agricultural experts and planners have viewed soils in
Africa. Continental or national soil maps, for instance, divide areas into differ-
ent categories according to the key classifications. At 2 more local scale,
different parts of a country or region may be classified according to the
suitability for different land uses. The associated discipline of land-use planning
has often made good use of soil surveys to design plans and reshape agricul-
tural landscapes along lines deemed to be technically most appropriate. But, in
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attempting to create a stable, universal ordering, conventional soil classifica-
tions and land-use plans are necessarily reliant on certain stable features of
soils and landscapes, and take scant notice of local variations ot dynamics. The
result is that fine-tuned local classifications used by farmers are ignored, and an
aggregate pattern is imposed. This has had major consequences in each of the
case study countries, with land-use planning (based in large part on soil
mapping) being a significant input into centralization and land husbandry
policies in Zimbabwe from the 1930s, the villagization schemes in Ethiopia in
the 1980s, and the planning of the cash crop zones in Mali.

The problem of aggregadon through standardized classifications is partic-
ularly apparent when we examine the results of large-scale assessments of soil
degradation in Africa. There have been a number of attempts — at continental,
national and regional levels — to assess such issues as erosion hazard, erosion
incidence, soil degradation or desettification. The maps produced from such
surveys have enormous influence, and become powerful tools in policy
advocacy, framing the way interventions under such initiatives as the
Convention to Combat Desertification ate thought about. For example, as part
of the follow up to the UN Conference on Desertification held in Nairobi in
1977, UNEP (the United Nations Environment Programme) commissioned a
review of desertification based on a questionnaire survey sent to 91 countries
(Swift, 1996). The study concluded that ‘desertification threatens 35 per cent
of the Barth’s surface and 20 per cent of its population’ (UNED, 1984, p17).
Similar statistics emerged from the Global Assessment of Soil Degradation
(GL.ASOD) study which concluded that some 26 per cent of the dryland areas
of Africa were suffering from some degree of soil degradation, and, across the
continent, nearly 500 million hectares of land were degraded (Oldeman et al,
1990; Oldeman, 1994). Such statistics have a majot influence on the imagina-
tions of politicians and publics alike, and despite the nature of the data from
which they ate derived, have huge sway in policy debates (Swift, 1996).

Experimental plots have been the most important source of specific
biophysical information on African soils. Especially when parameters have
been monitored over considerable petiods, these have revealed important
information about soil-fertility change under different management regimes.
Similatly, controlled expetiments to understand patterns of soil loss, nuttient
limitation and yield response under different conditions have been important
in designing soil conservation and fertlity input regimes.

However, such data have clear limitations. First, the particular conditons of
research stations may not reflect the wider farm setting; often research stations
have better water and soil conditions and the management regimes imposed
may not reflect farmers’ own realities. Unfortunately most experiments have
been under research station conditions, with relatively few being undertaken by
farmers themselves or even in field conditions.” Second, the time depth of
most experimental observations is limited. There ate some notable exceptions,
of course, but of the 21 long-term expetriments reviewed by Swift et al (1994),
only three spanned a petiod of 20 or more years, making it difficult to assess
longer-term dynamics given the variability of climate and soil change in African
settings. Third, plot-based data cannot be extrapolated to wider areas. What
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happens on a plot may not happen on a larger area due to different dynamics
occurring at wider spatial scales. This is particulatly so for soil erosion data,
because soil lost from one part of the landscape may not be permanendy lost,
but simply redistributed, Thus, extrapolating a total soil loss figure from
individual plot level is erroneous and misleading (Stocking, 1987). Finally,
controlled experiments, by attempting to eliminate variability and control
variables for statistical analysis of treatment comparisons, may miss out on key
insights. By choosing standardized, levelled plots, by making management
mputs uniform, and by eliminating data which is seen to be not part of overall
trends, critical aspects of real-life variability and complexity may be hidden
from view by conventional experimental design and analysis techniques. While
there is now more discussion of alternative statistical analysis which takes
vatiability seriously (Riley and Alexander, 1997) and methods for experimental
design which capture the dynamics of micto-variation (Brouwer et al, 1993),
this remains peripheral to mainstream scientific practice.

Nutrient-balance assessments have increasingly become another impor-
tant methodological tool for looking at soil-fertility issues, as illustrated in
Table 1.1. Some of the earliest attempts in the African setting focused on
continental or regional scales (Stoorvogel and Smaling, 1990). The continental
assessment, in particular, had a major impact on thinking about soil-fertility
management, and, as we saw eatlier, the figures are widely quoted by scientists
and policy-makers alike. Drawing on this to make the case for significant new
public investments in soil-fertility management, Sanchez et al (1997, p1} state:

Soilfertility depletion in smallbolder farms is the fundamental biophysical
limiting factor responsible for the declining per-capita food production of
sub-Sabaran Africa. The magnitnde of nutrient mining is buge. We estimate
the net per-heclare loss during the last 30 years to be 700 kg N [nitrogen],

100 kg P [phosphorous], and 450 kg K [potassinm] in abont 100 million
hectares of cultivated land,

More recent efforts have concentrated on smaller scales, such as the farm,
plot ot niche (see Table 1.1). Essentially the methodologies used are the same:
all inputs (from inotganic fertilizers, otganic manures/composts, crop
residues, atmospheric depositon, soil run-on, nitrogen fixation etc) and all
outputs (from harvesting/grazing, crop residue removal, leaching, gaseous
loss and soil erosion) are measured or estimated. By calculating the amount of
nutrients (usually nitrogen (N} and phosphorous (P), and sometimes potas-
sium (K3}) in each of the materials, a nutrient balance can be calculated for the
area being investigated. While such balance studies have considerable heuris-
tic value as a way of thinking about the efficient management and
conservation of nutrients in an integrated way (Defoer et al, 1998b), the data
derived has some inevitable problems because of the crude nature of the
analysis, with particular dangers when applied to broader policy analysis
(Scoones and Toulmin, 1998). A number of problems have been commented
upon,
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First is the issue of esdmation errot. Nutrient budgets may be destved from

actual measurement, transfer functions and literature estimates. When
combined, errors may accumulate resulting in estimations which must be
subject to cateful sensitivity analyses (Smaling and Oenema, 1997).

« Accounting models of this sort necessarily make certain assumptions

about undetlying processes. A black-box approach to internal soil dynam-
ics is taken, with the concentration on input and output flows. This
ignores the possibility of key aspects of soil-fertility being influenced, not
by nutrient balances per se, but by other aspects of the soil-plant interac-
ton (Noordwijk, 1999).

+  As with other approaches, attention to scaling issues is important. Patterns
of nutrient balance may be quite different at different scales, and differen-
tiation between niche, plot, farm and wider scales needs to be made before
genetalizations based on unwarranted extrapolation are made. At larger
and larger scales nutrient balance levels would, from first principles, be
expected to tend towards zero, as nutrients get redistributed. At a global
level, for instance, nutrient losses and gains are expected to be effectively
in balance, while at smaller scales greater variability between sites would be
expected, with some exporting and others importing nutrients. Although
the smaller-scale studies certainly show high levels of variation in balance
estimates between different niches, plots and farms (see Table 1.1), the
larger-level studies (at regional and continental scales) do not show the
expected pattern. This seems to be partly due to basic scale errors, because
the data used are aggregated up from nuttient exporting sites {ic arable
fields), and so do not account for nutrient deposition elsewhere.

e Nutrient budgets give a snapshot assessment of the balance of current
flows of nutrients. They do not give any indication of how this relates to
the overall stocks of nutrients available, nor the broader trends in balance
levels for a particular case. Thus while a negative balance is clearly not
wonderful news, it may not be as calamitous as is sometimes suggested. In
some cases nutrient depletion is occurring in settings where considerable
stocks exist, and no immediate concern for productivity is apparent. In
other cases, nutrient depledion may be the most sensible option in the
short to medium term, if, over the longer term, under changed economic
or social conditions, investment in soil improvement then takes place
(Scoones and Toulmin, 1999).

As the case study chapters show, nutrient balance studies can provide useful
insights if firmly located in field-level realities, with the appropriate caveats
added and other contextual information provided. As a field-level manage-
ment tool to encourage discussion about different options, the approach has
proved most valuable (Chapter 5). However, as with surveys and expetiments,
if used in an unreflective mannet, particularly when extrapolated to broader
scales, the nutrient balance approach can be highly misleading, For this reason
it is important to interrogate a bit further the underlying assumptions of
current research practice in order to develop new ways of looking at the issues.
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SCIENCE AND HOW THE POLICY DEBATE 1S FRAMED

As we have seen, soil surveys and classifications, expetimental plot measure-
ments and nutrent balance studies have important embedded assumptions
about soils and their dynamics and, in adopting particular sets of methods,
ensure that the world is seen in a particular way. Such perspectives are not
necessarily ‘wrong’ or ‘inaccurate’ in any objective sense, but, as discussed
above, they must be seen as necessarily partial and limited. With problems
framed in a particolar way, particular solutions necessarily emerge. The
panoply of soil management interventions — from soil amendment recom-
mendations, to soil conservation measures, to the integrated soil-fertility
management packages discussed earlier - emanates from a set of sciendfic
understandings, derived from a particular history of enquiry.

Qver the past century an identifiable diagnosis of problems and solutions
has therefore emerged. This ‘narrative’ has 2 mumber of key elements, each
significant in framing the policy debate. First, there is near-universal consen-
sus that soil degradation is a significant and growing problem in Africa,
requiring urgent action lest yields decline and potential starvation and social
unrest result. Second, a set of technical solutions is advocated to rectify the
situation. 'The emphases vary, with some advocating solutions more focused
on inorganic fertilizers, while others argue for a more organic approach. The
emerging middie ground — typified by the integtated soil-fertility management
approach — is perhaps the most common today. These technical solutions
combine to make up the third element of the narrative, which sees them
combined as part of an idealized, settled, mixed farming system, replacing
‘backward’ shifting cultivation or transhumant pastoral systems. In the mixed
farming model, crops and livestock are integrated, soil nutrients are recycled
and modern technologies are applied to improve effiencies under a system of
exclusive land tenure (Mclntire et al, 1992; Winrock, 1992).

As the earlier discussion has shown, elements of this are easily idensifi-
able in contemporary policy statements on the African environmental
situation {see also Chapters 2 to 4 for country-specific commentaries). But
such an argument has not emerged recently. Indeed a narrative detived from
the diagnosis of environmental crisis, leading to the need for the develop-
ment of an efficient, modern, mixed farming model based on a series of
fairly standard technical recommendations can be traced back at least to the
1930s (Sumberg, 1998; Wolmer and Scoones, 2000; Scoones and Wolmer,
forthcoming). Alarm about the prospects of large-scale environmental degra-
dation was in particular prompted by the widespread droughts of the 1920s,
and the experience of the US dust bowl in the 1930s (Anderson, 1984;
Beinart, 1989}. The proposed solution centred on a combination of mechan-
ical soil conservation and fertility management, particulatly through organic
matter management, rotations and leys, all combined as part of an integrated
mixed farming model based on the long-established European system. By
the 1940s, across colonial Africa, research and policy were increasingly
focused on this range of technical interventions. For example, in Nigeria
demonstration farms to show the benefits of mixed farms were established
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(Tempany et al, 1944), while in Zimbabwe major land-use reorganization and
soil erosion efforts got underway (Chapter 4).

This basic narrative of the problem and the associated implied solutions
has become deeply embedded in the assumptions of scientists, policy-makers
and others, and is continuously reinforced by institutional settings. It is there-
fore not surprising that the basic features persist today in largely simifar form,
and continue to have a major influence on policy thinking, The concern of
our research, however, is not to dispute each of the elements of the argument.
Many are sound when applied to particular settings. The important point is to
recognize that such views are necessarily limited and partial. The key question
is: given other assumptions, alternative methods and different types of analy-
sis, would the world look different, and — most importantly for practical
development and policy ~ would alternative policies and strategies be
suggested? In the next section these questions are pursued in some detail.
First, howevet, it is necessary to dissect the key tenets of mainstream analyses.
A number of themes are evident.

First is the disciplinary focus of most mainstream research, derived almost
without exception from natural scientific concerns. At different times, differ-
ent natural science disciplines have dominated — pedology, soil physics and
chemistry, soil biology and ecology, experimental agronomy and so on, But
ultitmately a technical petspective has prevailed. Soils are understood in terms
of nitrogen or phosphorous content, cation exchange capacities, watet
holding capacity, microbial biology and so on, but social and economic
perspectives have been very limited, and if present certainly marginal.'® As
Swift (1998, p59) observed at the 16th World Congress of Soil Science:

Soil science has been brilliantly informed by reductionist physics and
chemistry, poorly informed by ecology and geagraphy, and largely uninformed
by the social sciences.

While there has been some interesting research on local soil classifications
and the links with scientific classifications (Talawar, 1996; Kanté and Defoer,
1994), this has had only limited impact. Other social science work has failed to
engage with technical and policy issues almost completely, concentrating
instead on the social, cultural and symbolic interpretations of soils and their
fertility (see Jacobsen-Widding and van Beek, 1990). Only in a few rare cases
have the social and the nataral science issues been brought together to attempt
a more integtative analysis.!’

Second, and deriving from the disciplinary focus of most research, is the
technology-centred approach to intervention. Huge numbers of technologies
and management recommendations have been derived from scientific research
over the last century, across a wide range of ateas. But most of this work has
focused on achieving an optimal agronomic solution. The assessment
measures have been technical — yield, soil loss, nuttient levels and so on - and
not necessarily rooted in 2 social, political or economic understanding of
agriculture and environmental management among a highly differentiated
farming population. Where economic analyses have been made — for example
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in relation to fertilizer application rates — this has certainly been an impottant

advance from simply looking at technical patameters.’® But relative marginal
returns may be only one decision criterion for a farmer, and choices may be -
conditioned by a range of other social and institutional factors. Much research -
now shows how the socio-economic conditions for successful soil-ferdlity |
management may be just as important as technical factors (see Scoones and -
Toulmin, 1995). As the case study chapters amply demonstrate, constraints on.

access to land, labour and capital may be influenced by a range of formal and

informal institutions including input and output markets, resource tenure,
gender relations, labour provisioning, and so on. Yet such insights rarely

become integrated into the technical research which dominates the soil-fertil-
ity research agenda.

The technical focus of most tesearch on soils in Africa, in turn, influ-
ences the definitions of land degradation used by most analysts. Land
degradation is an emotive and ultimately normative concept, carrying with it,
as we have seen, significant policy ramifications. Understanding what land

degradation is (and is not) is therefore a critical area. Most assessments of -

land degradation, however, take a purely technical line: if soil is being eroded
or nutrients are being lost, this constitutes Jand degradation. The indicators of
degradation are therefore the ones being measured by mainstream technical
science — soil chemical properties, erosion loss, nutrient balances etc. A sense
of objectivity and rigour is created, but do such studies necessarily measure
‘degradation’ in a broader sense, or just some processes of biophysical change?
A more robust defipition of degradation accepts that it is necessarily a norma-
tive concept and must be related to the social, economic and other values
(both future and present) associated with the soil resource.!

The key question, then, is: do the observed changes in soil chemical
properties, erosion levels or nutrient balances matter? This question tefocuses
our attention on the use of soils for people’s livelihoods (as well as for broader
societal benefits, such as carbon sinks ot the hydrological cycle). There are
therefote occasions when negative biophysical changes (usually referred to as
‘degrading”) are not problematic and so should not be categorized as land
degradation, if the definition proposed here is embraced. For example, the
impacts of soil depletion on people’s livelihoods may be limited when there
are low rates of extraction or extensive reserves; when substitutes for natural
soil capital exist; or when alternative livelihood sources exist which reduce the
dependence on the soil resource (Scoones and Toulmin, 1999).

Finally, the methodological stance used conventionally in mainstream
scientific investigations has important ramifications. Some of these problems
have already been mentioned. Design and analysis of experiments is inevitably
influenced by taking an essentially ahistorical approach; paying limited atten-
tion to multi-scaled spatial diversity and complex temporal dynamics; adopting
usually a rather linear interpretation of environmental change; and using
normal distributions and means in most statistical analysis. The net result is
that a linear, undifferentiated and technical perspective is projected which
hides from view much of the diversity and complexity of soils as they are
managed by real farmers,
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While elements of the mainstream technical perspective are of undoubted
use, an alternative, complementary perspective on soil management in Africa
is opened up by adopting a somewhat different conceptual and methodologi-
cal stance. The key elements of the approach are outlined in the following
sections, drawing on a sumnmary of the findings from the case study research.

CASE STUDY SITES: SOME CONTRASTS AND
COMPARISONS

The teams involved in the case studies presented in Chapters 2-4 have focused
on a range of different sites in Ethiopia, Mali and Zimbabwe. The aim has
been to explore, through locally-based research with farmers, the complex
diversity and dynamics of soil-fertility management in different small-scale
farming settings in Aftica, attempting to shed light on broadet policy debates
by linking understandings of local-level processes with broadet macro-policy
change (see Chapter 6). An interdisciplinary team-based approach to the
research was adopted, involving both natural and social scientists working in
collaboration with farmers.?® An important starting point was discussions
with farmers on their own understandings of soils and soil-fertility change.
This involved village and farm-level mapping according to local soil classifica-
tions. This was complemented by discussions of field, plot and broader
landscape histoties. A key element involved resource flow mapping, exploring
how different materials move in and out of different parts of a farm and how
they influence the changing status of soils according to local criteria. Such
farm-level discussions helped frame the questions for subsequent investiga-
tions by both natural and social scientists, as well as helping to set an agenda
for participatory action research on particular problem areas identified (see
Chapter 5),

Natural science investigations focused on the flows of nutrients (particu-
latly N, P and, in some cases, K) in and out of the whole farm system and its
different sub-components across a range of case examples suratified according
£0 local classifications of wealth or soil management capability. The nutrient
budget analyses (see below for a further discussion) which emerged were able
to fill in details within the farmers” own resource flow maps with information
on soil nutrient status, and the nutrient contents of different materials. The
questions pursued in the parallel social science investigations concerned the
social, cultural, economic and political factors which influenced the various
flows and stocks of nutrients at a farm level. For example, the examination of
the institutions governing labour relations within and between households
highlights the socio-economic processes influencing particular flows of fertil-
ity resoutces. Similarly, economic analysis of prices and markets offets insights
into the relative incentives for different options. Examinations of resource
tenute, in turn, highlight how tenure regimes and perceptions of security influ-
ence the management of nutrdent stocks and soil-fertility. '

A particular emphasis in each of the case studies was to explore changes
over time to set an understanding of the contemporary situation in a histori-
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cal context. Unravelling the complex interactions between soctal, economic
and political change and patterns of soil-fertility in farmers’ fields is no easy
task. Howevert, a combination of oral histories, archival records and time-
seties data was pieced together for each of the sites to give at least a schematic
picture of trends and processes over time. This work highlighted the impot-
tance of policy contexts for soil-fertility management, as invariably the
historical enquiries emphasized the importance of the combination of the
impact of external events and local processes for changes in land use and
management.

Thus over a petiod of several years a detailed picture has been built up of
the interconnections between biophysical processes of nutrient accumulation
and depletion, and a range of socio-economic processes operating at the Jocal,
national and sometimes international levels. The result, as will be evident from
a reading of the case studies presented in Chapters 2 to 4, is 2 highly complex
story, one that is a far cry from the generalized pictare presented in much of
the policy debate over recent yeats.

The case study sites in Ethiopia, Mali and Zimbabwe represent a wide
range of settings in the savanna farming zones of east, west and southern
Africa. While the study clearly cannot claim to be representative of all such
farming situations in Africa, some important contrasts ate highlighted both in
terms of biophysical conditions and broader socio-economic and policy
contexts. By choosing sites differentiated by agro-ecology and case study
farms according to socio-economic criteria, a comparative analysis which
contrasted relatively high and low potential areas, and relatively richer and
poorer farmers, was made possible. Such comparisons can be made at a
number of levels: between countries, village study sites and particular farms
or plots.

Contrasts between countries

The case studies examined in this book are all located in the smalil-scale
peasant farming sectors where poverty levels run high. Real GDP per capita
(1995 figures) for Ethiopia, Mali and Zimbabwe was US$455, $565 and $2135
respectively {although considerably less in the communal areas), whilst the
countries were ranked 169th, 171st and 130th respectively out of 174
countries according to the composite Haman Development Index (UNDP,
1998). In all three countries, agriculture is the major contributor to the national
economy, both through providing a subsistence base for much of the popula-
tion, and cash incomes and export eatnings thtough more commercial
farming, The structure of the agricultural economy in each of the countries
has been highly influenced by past policies. In the case of Zimbabwe, for
instance, a dual economy is evident, with large-scale commercial farming on
previously exclusively white-owned land existing alongside small-scale agricul-
ture in the communal areas. In Mali a2 major difference exists between those
areas within the large cash-cropping zones established during the colonial era
to encourage the production of cotton or tice, and those outside whete more
extensive, marginal dryland farming and livestock keeping is evident. In
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Figure 1.1 Rainfal] distribution in Africa (mean total rainfall per year)

FHthiopia government policies have again had a major impact on agriculture,
with many areas outside the major grain producing zones and the previously
state-owned farms receiving limited attention.

Figure 1.1 shows the location of Ethiopia, Mali and Zimbabwe in relation
to the distribution of rainfall across Aftica. All fall within the Sahelian and
savanna zones, whete natural vegetation consists of a mix of tree and grass-
land. Annual rainfall ranges from around 350mm at the driest end to around
1250mm at the wetter end of the scale, with high levels of interannual vatiabil-
ity in all sites.

Somme major contrasts are apparent in the soil types and associated geology
(see Figute 1.2}, as the three countries encompass the major soil groups repre-
sented in Africa, In Mali, ancient weathered sands (oxisols, lithosols and actisols
away from the drier parts of the Sahel and Sahara) dominate. These are severely
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Figure 1.2 Soi gromps in Africa

deficient in mineral natrients, have low clay and otganic matter levels, very
often have a poor water-holding capacity, may be subject to acidification with
low cation-exchange capacities, and, in more sloping areas, are subject to
erosion with much resultant variation across toposequences (see Chapter 3).
FHowever, in contrast to other areas, soils in the savanna zone of west Africa
benefit from extensive deposition of nutrients from dust deposited during the
Harmattan (de Ridder and van Keulen, 1990; van Duivenbooden, 1992; Piexi,
1989). Sandy soils (luvisols) derived from granite also characterize the
Zimbabwe sites (Thompson and Putves, 1981). These are generally deficient in
N, and sometimes P and other mictonuttients (Grant, 1981). They also have
poor water-holding capacity and can be subject to significant erosion (Elwell,
1985; Whitlow, 1988). The Ethiopian sites, by contrast, are nitosols derived
from relatively recent volcanic material (Weigel, 1986). These are comparatively
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nuttient-rich and have high clay contents. P fixation is 2 problem, pardculatly
in the highland soils where it may become limiting to plant growth (Belay,
1992). The high propottion of sloping land, particularly in the highland areas,
means that these sites are prone to erosion (Hurni, 1994).

In recent years a range of national government policies have had major
impacts on the agricultural sector (see Chapter 6). Since the late 1980s, in all
countries, sttuctural adjustment policies have resuited in various forms of
liberalization with major effects on input and output prices and marketing, the
provision of rural services, agricultural extension, opportunities for off-farm
employments, and urban-rutal remittance flows.?! Land reform, land-use
planning and resettlement policies have also been important, particulatly in
Ethiopia and Zimbabwe, where over time various attempts have been made at
villagization, land redistribution and resettlement. Land management and
agriculture have also been affected by decentralization policies across all
countries, although the character of such policies and their influences differ
(see Chapters 2 and 4 for details).

Contrasts between study sites

In the design of the research, study sites were chosen to capture a range of
important national or regional contrasts, Thus in each country a seties of sites
{two in Ethiopia and Zimbabwe and four in Mali) were chosen along a transect
running from relatively high to low resource endowment. In the case of
Ethiopia, the research focused on one tegion, North Omo, in the Wolayta
enset-root crop-based system, with both a lowland and highland site. In Mali,
in addition to two dryland agropastoral sites (Dilaba and Siguiné), two cases
were added to explore the irrigated rice (Tissana) and cotton zones
(M’Péresso). In Zimbabwe, the sites are found in two commurnal areas, one in
the higher potential part of the country (Mangwende) and the other in the
drier zone (Chivi). Table 1.2 provides a summary of some of the key contrasts
between sites, including both agro-ecological and socio-economic characteris-
tics. Aspects of these contrasts are discussed in the following sections.

Agro-ecological contrasts

The options for soil-fertility management in each of the sites is critically
dependent on the interaction between plant-available nutrients and soil
moistute. The inherent fertility of the soil, combined with the history of soil
management, affects available nutrients, while patterns of rainfall, soil texture
and structure, and the management of water within fields through water
conservation and harvesting techniques, affect levels of soil moisture.

In different sites at different times, either nutrients or water are limiting to
plant production. In savanna ecology, a useful general distinction between
savanna types is made. These include ‘eutrophic’ areas with clay rich soils and
low infiltration rates where, especially in the drier areas, soil moisture s limit-
ing; and ‘dystrophic’ areas with poorer sandy soils and high infiltration rates,
wherte soil nutrients are limiting, especially in the wetter areas (Frost et al,
1986; Menaut et al, 1985; Scholes, 1990). For example, the rich volcanic soils
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Table 1.2 Key contrasts between study sites

Ethiopia Zimbabwe Mali
Highland Lowland M'wende Chivi  Dilaba Siguiné Tissana M'Péresso

Rainfalt {mm) 1272 924 8560 550 450 450 650 800

Major Nitosol  Nitosol  Granitic  Granitic Lithosols, Acrisols Lithosols, Lithosol,
soil type (ciay} {clay sands  sands acrisols (sands, acriscls acrisol,
ioam) {sands, gravels) {sands, gley soil
gravels) gravels} (sand/
loamy sand
Major Enset and Maize, Maize, Maize, Dryland Dryland lrrigated Cotton,
agricuitural root cotten cotton, small cereals cereals rice cereals
focus Crops sunfiower grains,
groundut
Population
density
(people/km?) 375 110 160 44 50 15 29 ig
Ethnic Wolayta Wolayta Shona  Shona Bambara Bambara Diverse, Minianka
composition drawn from
elsewhere in
west Africa

of the Ethiopia study site, particularly in the highlands, contrast dramatically
with dystrophic systems of the poot, weathered soils of the Mali sites and the
granitic sands which dominate the Zimbabwe sites. Such diverse characteriza-
tions make any generalizatdons about ‘African soils” highly problematic. Figure
1.3 attempts to locate the different study sites across the two axes of plant
available moisture and nutrients.

Thus both the Ethiopian sites lie in areas of relatively fertile volcanic soil,
and a simple rainfall gradient distinguishes the highland and lowland sites. In
Zimbabwe, both sites are found on poor granite sands, but these have much
lower inherent fertlity in the higher rainfall site of Mangwende, due to leach-
ing and intensive use in the past. The poorest soils of all, in terms of nutrient
content, are found in the Sahelian sites in Mali (Siguiné and Dilaba} which are
again found along a rainfall gradient. The other Mali sites have poor soils,
although better water availability through higher rainfall in the case of
MPéresso and icrigation water in Tissana (see Chapters 24 for more details).

While such simple contrasts hide a great deal of variation within sites (see
below), they do highlight how agro-ecological dynamics, and associated strate-
gies for soil management, differ. Thus for those sites, such as the highland site
in southern Ethiopia, found towatds the top left of Figure 1.3, higher nutrient
stocks and 2 relatively slow release of nutrients are evident, although produc-
tivity may be constrained by immobilization, erosion and leaching. Under
these conditions, strategies for increasing soil-fertility in the long term through
sustained application of inputs are possible, as residual benefits can be
captured, by the building up of soil-fertility in areas such as the enset and taro
gardens in highland Wolayta (see Chapter 2).

TRANSFORMING S01Ls 2]

By contrast, for those sites found towards the bottom right of Figure 1.3,
a different dynamic is expected. Here, limitations on productivity due to the
lack of both water and nutrients may apply as a result of low organic matter
levels, inherently low nutrient levels in the soil and limited water-holding
capacity. Variability in rainfall ts a significant ecosystem driver, with pulsed
release of nuttients, intermittent erosion events, and shifts between water and
nuttient limitation across years and between seasons. In such settings a much
more opportunistic soil management strategy is required, with attention paid
to the boosting of nutrient use efficiency and the timing of soil-fertility
management activities.

For those sites with better water availability but poor soils, the key
challenge is to increase available soil nutrients through increasing inputs.
However, the dangers of erosion, leaching, acidification, rapid decomposition
and mineralization may offset such efforts. In such sandy soils, frequent
additions of high quality organic matter and mineral nitrogen ate required
(Buresh and Smithson, 1997), but also attention to other mineral components
(eg K and P) is necessary where the residual benefits of application are
relatively low:

The patterns of interaction between soil moisture and nutrients also vary
hugely over time. Between years, for instance, changes in rainfall levels may
result in shifts between water and nuttient limitation within in a particular site,
and make different soil niches more or less productive. For example, with the
sustained decline in rainfall since the 1960s across the Malian sites, the previ-
ously highly-valued, heavier, relatively nutrient-rich soils in the dryland areas
have become increasingly less productive because of lack of soil moisture,
while the sandy soils with good infilttation properties and the valley bottom

Plant available nutrients

High Low
Mali - Tissana
Ethiopia ~ High
High
Zimbabwe ~ Mangwende
4
2
2 Etfiopia - Low Mali - M'Péresso
g
&
£
=2
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[
S
& Zimbabwe — Chivi
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Mali - Dilaba
Mali ~ Siguiné

Figure 1.3 Contrasts in savanna ecology across sites
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areas (bas fornds) are now regarded as more valuable (see Chapter 4). Even within
fields such variations may have major effects on productivity, with micro-varia-
tions making either soil moisture or soil natrients limiting in a highly variegated
manner (Brouwer and Bouma, 1997; Brouwer and Powell, 1998).

Within a season, there may be high variations in the availability of partic-
ular nutrients, especially nitrogen, due to the complex interaction of soil
chermnical, physical and biological processes (Scholes et al, 1994). Especially at
the onset of the rainy season, soil wetting results in increased mineralization
and nutrient release (Semb and Robinson, 1969; Frost, 1996). For example, in
the dryland sites of Mali and Zimbabwe, this results in early flushes of natutal
vegetation and the opportunity for dry planted crops to capture nittogen in
their early growth phases. However, such effects are often counteracted by
leaching, denitrification and immobilization so that the nutrients actually avail-
able for plant growth are hugely variable (Buresh and Smithson, 1997).

Thus depending on the location and the time, different niches within the
wider study areas may be located in different quadrants of Figure 1.3. This, of
course, has implications for soil-ferdlity management, as a standard, blanket
approach across space and time is clearly not approptiate. As the case studies
clearly demonstrate, there is an enormous amount of spatial and temporal
diversity in soil properties, and so in management strategies.

Socig-economic contrasts

A range of socio-economic characteristics also influences options for soil-
fertility management across the study sites. As shown in Table 1.2, population
density varies from 375 people per square kilometre in highland Ethiopia to
only 15 in Siguiné in the dryland Sahelian zone of Mali. Widely differing Iand
to labour ratios have major implications for patterns of agricultural manage-
ment and processes of intensification. In highland Wolayta, land is at a
premium with plot sizes averaging only 0.6ha, while in Siguiné land is telatively
abundant, with household holdings averaging 44ha. Thus incentives to invest
in labout-intensive soil management activities vary dramatically across sites,
with highly labour-intensive gardening typifying the highland Wolatya site (see
Chapter 2), while more extensive, low-input bush-fallow systems ate more
typical in the Malian Sahel sites. The degree to which agriculture ot pastoral-
ism are central to people’s livelihoods also varies with population densities. In
the highiand Ethiopia case, for example, the small land holdings mean that
survival from land-based production alone is insufficient, and other off-farm
activities must be added to a wider portfolio of activides (Carswell et al, 2000).
By contrast, in more extensive systems land areas may be sufficient, although
high levels of risk may require alternative income-earning options.

Such patterns are, of course, in flux. Population increases are evident in
all sites, with national and regional averages of around 2-3 per cent.? In all
sites this has brought about 2 shift in livelihood portfolios — towards trading,
craft work, or migration to towns or commercial farms. With such changes,
the incentives to invest in soil management on the home farm will also alter.
For example, in Zimbabwe circular migration has long been a feature of the
rural economy, meaning that, although population pressures are relatively high

TRANSFORMING 5088 D73

given the agro-ecological conditions, the availability of alternative souces of
income through remittances has offset the incentives to invest in agriculture
and soil improvement for many. As Chapter 4 indicates, this may now be
changing as shifts in the broader economy following structural adjustment
have reduced real wages and led to a contraction in employment opportunites.
Now many male communal area residents, who previously would have worked
away, are investing in agriculture and soils at home in the communaj areas. In
the dryland site of Dilaba in Mali, limits to the extensive bush—fallow system
are being felt as the village fields have extended to the edge of their territorial
boundaties. Here, too, changes in farming and soil-fertility management strate-
gies are evident, with greater investment in home fields and bas fonds. The key
constraint here is the availability of manure, as grazing land for livestock is
increasingly scarce. In Siguiné, by contrast, fallowing remains an option, at
least for the time being (see Chapter 3).

The relative availability of land and labour ate, of course, not the only
factors influencing patterns of land intensification and incentives for soil-
fertility management. The relative price of inputs and outputs is another
important consideration. This is affected by a range of factors including,
among other things: matketing and pricing policy, the location and type of
input and output suppliers, traders and markets, and the quality and effective-
ness of transport infrastructure (see Chapter 6). As discussed at length in the
case study chapters, such conditions vary considerably across sites. At one
extreme atre the sites located within the cotton and rice areas of Mali, where
parastatal-supported output marketing and input supply has encouraged the
widespread and generally profitable use of fertilizer on cotton and rice. Long-
term investment dating back to the 1920s has also ensured that such areas are
well provided with infrastructure and other support (Chapter 3). At the other
extreme lies the more remote lowland site in Ethiopia which, until recently,
had no year-round road access and, with the exception of a period during the
1970s when a large integrated rural development project operated in the area,
the site has had poor input supply and adverse terms of trade. This has made
inputs expensive relative to the prices offered for crops, with the result that
mvestment in fertilizer, for example, has been highly constrained for most
farmers (Chapter 2). Broader service support also influences options for soil-
fertility management. For example, access to credit and information from
extension services may be critical factors in the adoption of particular soil-
fertility management options. This is particularly important for the adoption
of inorganic fertilizer, given its often high cost and the skills required for
effective application. Studies in Ethiopia, for example, have shown how fertil-
izer use is highly correlated with both access to household assets and access to
services, notably credit, agricultural extension and school education
(Croppenstedt et al, 1998; see also Chapter 2). Key knowledge and skills,
combined with the willingness and ability to experiment with new soil-fertility
management options, are seen to be important in the Mali case study (Chapter
3). In some parts of the country, support for farmer groups and processes of
monitoring and expetimentation have reinforced farmers” own abilities to
manage soils (see also Chapter 5).
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Land tenute security is often mentioned as a key factor influencing the
likelthood of technology adoption and investment in environmental manage-
ment. Across the sites, however, relatively secute de facto land and resource
tenure is evident, and the empirical studies suggest that existing patterns of
resource tenure are not a significant constraint to investrent in soil-fertility.
However, this has not always been the case. In Ethiopia, past policies of land
reform and villagization, for example, have introduced a great sense of insecu-
tity with the consequence that farmers desisted from investing in longes-term
assets, such as soils and trees, for fear of forced expropriation or resettlement.
Vestiges of this lack of trust in the state are evident today, but, by and latge,
the field evidence suggests that farmets have returned to investing in gardens,
wrees and other long-term productive resources under a vatiety of complex
tenure settings, ranging from de facto private ownership to various contract-
ing and sharecropping arrangements (Chapter 2),

Broader cultural factors may also have an influence on attitudes to soil
management and the strategies putsued. As the case study chapters show, local
understandings of soils ate deeply embedded in socio-cultural institutions.
Practical knowledge about soils and their management is related to people’s
understanding of the relationships between resources and their fertility. In
Ethiopia, for example, the fertlity of soils is seen to parallel interpretions of
human health and fertility (Data and Scoones, forthcoming). Similarly, in
Zimbabwe, the status of soils in a particular farm is seen to relate to 2 wider
spiritual realm, with good results atising only if appropriate actions in relation
to spirit ancestors ate taken (Chapter 4). Farmers’ practical knowledge of soils
and their management is thus deeply entwined with social relations and
broader cultural understandings of the relationship between human, spiritual
and natural worlds.

Contrasts within sites and between farms and plots

Within sites, there are also important spatial variations. Not all sites have a
uniform geological origin. For example, in Zimbabwe, doleritic intrusions in 2
wider soil landscape of granitic otigin mean that patches of heavy clay soil
with eutrophic properties are found within the more widespread dystrophic
sands. Vagiations also typically occur across slopes, with catenas showing varia-
tions of soil type from hill top to valley bottom. Site topography, therefore,
has impottant implications with fields found higher up the slope typically
being drier and with poorer soils, while lower slope, riverine and valley bottom
areas may be particularly significant *key resources’ in the agricultural system
(Scoones, 1991). For example, river banks and wvalley bottom dambes in
Zimbabwe provide important sites for gardens. In these locations, available
soil nuttients and moisture are significiantly higher than the surrounding areas,
opening up options for sustained investment in soil-fertility improvement
which are largely impossible elsewhere (Scoones and Cousins, 1994). But not
all variation in soil properties is the result of underlying geology or the conse-
quences of topography; historical legacies of past practices also add to the
variable spatial patterning of different soil characteristics. For example, past
settlement, garden, or livestock &raa/ sites may produce long-term effects as a
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result of the sustained build-up of organic matter and soil nuerients which
remain apparent many years after the abandonment of such areas.

Socio-economic factors also contribute to this varation within sites. This
has been captured in this study by attention to between-farmer differences. In
all study sites variants of wealth ranking were carried out to differentiate
farmer categories according to local critiera.

In Ethiopia and Zimbzabwe farm households were differentiated accord-
ing to indicators of wealth defined by local informants. In Mali, 2 slightly
different approach was used which focused on differentiating between soil
resource management capability, interest and experience. Thus, in all study
sites, detailed farm and field monitoring was carried out across wealth and
resource management groups. While the sample sizes were necessarily small
because of the intensity of data collection, the resuits do reveal some impot-

‘tant patterns.

Not surprisingly, because of different access to resources —~ land, labour,
capital and so on - different farmers manage their land in often quite differ-
ent ways. But the case studies show that patterns of soil improvement and
decline are not neatly correlated with wealth and asset status, Indeed, some of
the well-endowed farmers showed the highest levels of nutrient depletion in
their soils, in part because of their ability to achieve high yields. And, in fact,
some of the lesser-endowed farmers were the ones who invested considerable
amounts of labour in improving soil-fertility, and so yields, on their relatively
smaller plots of land. A simple pattern of poverty-induced environmental
degradation is not shown. Nor, indeed, is the opposite. The conditions for
successful soil-fertility management at the farm level are multiple and inter-
acting, just as at the more aggregate site level.

In exploring the great diversity of soil-fertility management strategies
employed by different farmers across wealth and resource management
groups, a number of broad ‘pathways’ of change can be identified (see below).
These emerge from situating an understanding of soil management on
farmers’ fields in 2 historical context. By tracing the history of both fields and
farm families, it is possible to see how the possibilities for effective and
sustained soil improvement wax and wane with the fortunes of households
and the influence of external events. For example, in the Echiopia study sites
the expansion and contraction of the garden area (darkoa) is dependent on the
ability to mobilize sufficient manure and labour. This is seen to change over
the demographic cycle as labour availability changes, in line with disease
incidence, both human and animal, and in relatdon to cattle ownership,
borrowing and shating arrangements {see Chapter 2).

A pattern found across study sites is the differentiation between
homefields and outfields.” Intensive styles of gardening, focused on organic
matter improvement and often based on hoe cultivation, mounding and
ridging, are found closer to the home in relatively small plots where produc-
tivity has been boosted through many years of investment. Further away, bush
fields or outfields can be found which receive considerably less attention and
show relatively lower levels of productivity and higher levels of nutrient deple-
tion, unless given a boost through the addition of inorganic fertilizer.
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Different farmers are able to pursue combinations of homefield and outfield
cultivation in different ways depending on their asset base.

‘ Differences often have a gender dimension, with men and women allocat-
ing effor.t to different areas of the farm; most often with women more
engaged in intensive gardening efforts closer to the home, while men concen-
trate on the outfields.** While the survey elements of the study focused on
the E'_lousehold as a unit of analysis, close attention was also paid to both intra
and inter-household relations. As the case study chapters show, gender. age
and status differences within households affect who does what in relatic;n to
soil management. Similarly, relationships between households arte particularly

important in mﬂuendng access to labour and cattle through cooperative
loaning and sharing arrangements.

Emerging questions

The comparative approach across different scales — from country to site to
farm to plot ~ has allowed this study to focus explicitly on diversity and
dynamics and avoid the dangers of aggregation seen in the generalized policy

statements highlighted above. In so doing the study has asked the following
questdons.

What factors result in soil-fertlity improvement or decline?

What pathways of change are evident and how ate these linked to broader
livelihood strategies?

WhaF institutional and policy factoss are important to encourage more
sustainable soil-fertility management strategies in different settings?

Tfie.forc highlighting some of the broad conclusions emerging from the study,
it is necessary to lay out in some more detail the methodological stancé
adoptec} in this work, and how this complements but also, in some important
ways, differs, from how soils have conventionally been looked at in Africa.?s

DIVERSITY AND DYNAMICS: NEW PERSPECTIVES ON
SOIL MANAGEMENT

As we have seen, the approach adopted by this study has emphasized the
interaction of diversity and dynamics in soil management processes across a
range of spatial and ternporal scales. Interactions across scales — from micro-
ievellsoﬂ processes to broader-level climatic and landscape changes ~ and in
relation to different rates of change, are essential to an understanding of
complex agro-ecosystems (see Allen and Starr, 1982; O’Neill et al, 1986; Swift
1998; Noordwijk, 1999). This requires an integrated insight into both biophys-,
ical fegtures qnd socio-economic processes, set in historical context. The
ff)liowmg sections, then, highlight some of the aspects of both spatial diver-
sity and tempotal dynamics observed in the case study sites, before turning to
a discussion of some of the methodological implications of this approach.

TRANSFORMING SOus 277

Spatial diversity

Spatial diversity is 2 key feature of soils in each of the sites. Local classifica-
tions of soils revealed the wide variation of soil types in a particular location,
for example by mapping exercises with farmers (see examples in Chapters 2
to 4). While these may all belong to one soil seties, the differences — across
slopes, between areas with more or less erosion, under trees, or near termite
mounds — have profound implications for the way farmers view and, in turn,
tanage soils. It is the management of such heterogeneity that is at the heart
of farmers’ own practice (Carter and Murwira, 1995; Brouwer and Bouma,
1997).

Thus soil niches, part of a complex mosaic of micro-variability in a farm,
field or plot, may be critical to overall soil management. A relatively small area
of high-fertility soil may be a critical resource within the whole farm, provid-
ing proportionately higher yields than other areas. For example, in Ethiopia
the darkoa garden plot, created by continuous and long-term investment of
manure and other organic matter, on average produces around double the
yield of maize compated to the neighbouring outfield, For some farmers,
crop outputs from the darkoa area amount to 2 significant proportion of the
total contribution to household food supplies, despite the small area {see
Chapter 2).

At the wider landscape level, spatial interactions between cultivated plots
and biomass resources available in other areas are key. The harvesting of
biomass — whether the collection of leaf litter or the transfer of nutrients
through the manute of grazing livestock — is of vital importance in most of
the case study sites. In some cases (for example in the highland Ethiopia site),
the availability of extensive common grazing land is limited, and grazing must
occut on mote spatially concentrated areas: along roadsides, on the edges of
fields, and in private grazing plots near homesteads. In other cases, extensive
common grazing remains available, and the transfer of nutrients from grazing
tand to cultivated fields via livestock manure is central to soil-fertility manage-
ment in the arable areas. Thus, the spatial patterning and availability of
biomass resources at a broader landscape scale is critical to understanding the
sustainability of the system (Fresco and Kroonenberg, 1992).

Given this spatial diversity at field, farm and landscape levels, mechanisms
of positive feedback may result in continuous reinvestment in soil-fertility for
particular sites, creating permanent ‘hot spots’ of high soil-fertility. Sites such
as old cattle pens, settlement sites or gardens may attract livestock, for
example, in the dry season because of the higher amounts and nutritional
quality of grass, weeds or crop residues. The deposition of dung and urine at
this time may again continue the process of fertility build up in such patches,
with persistent effects over long periods of time (Blackmore et al, 1990).

While spatial diversity in soil properties is in part a result of biophysical
parametets (undetlying geology, soil type, topography, patterns of deposition
and loss, etc), these have to be seen in 2 wider context in order to understand
the changing patterns of diversity observed. The nutrient content of a soil, its
pH and its cation exchange capacity, are in most instances the result of a
complex interaction of biophysical and socio-economic processes over time.
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Different social actors influence such changes in different ways, For example,
richer farmers in the various case study sites ate able to apply inorganic fertl-
izers and manure to some of their fields, thus entiching certain parts of the
soil tesource on their farm. Poorer farmers, by contrast, may adopt different
soil-fertility management strategies, focusing limited fertility resources and
investing mote in efficient placement and timing in order to maximize returns,
rather than adopting blanket applications. Wealth and asset status may not be
the only factor influencing between-household differences in practice. For
example, ethnic differences may be important where different groups adopt
different soil-management styles based on long-established practices, pethaps
developed elsewhere. Thus in Mali, in-migrants to the southern sites carry
with them practices developed in the more arid zones of the north.
Established forms of hierarchy and social position within an area may also
imply differences in farming practice. Thus in southern Ethiopia, the
remnants of an carlier caste system, as well as the past experience of
landlord—tenant divisions, may result in old forms of soil management persist-
ing as part of current practice.

Social relations within households may equally affect the nature of the
soil resource. For example, gendered cropping styles and practices may result
in different types of cultivation practice, choice of crop and use of fertility
resources in different sites. For example, in Zimbabwe women are particularly
engaged in the gardening of vegetables, which involves particular types of
mounding and ridging techniques and the incorporation of organic matter to
create a rich soil resource. Similarly, in Mali changing forms of domestic
organization with the frequent break-up of large patriarchal households into
smaller, more nuclear units has major impacts on the way labour is organised,
and the nature of obligations towards the management of compmunal family
fields by women and junior men. The result of such socio-economic differ-
ences and social relations is inevitably a different patterning of soil-fertility on
each farm. Such diversity may atise also as a result of the unintended conse-
quences of other actions — for example the location of settlement or 2
livestock kraal may result in increased concentrations of fertility resources in
particular places which can subsequently be made use of for agricultural
production.

Temporal dynamics

Superimposed on such spatial diversity at different scales are issues of tempo-
ral dynamics operating at different rates and over different time scales. Within
each season, changes in nutrient availability are the result of changes in minet-
alization and decomposition rates prompted by changes in rainfall and
microbial activity. Thus eatly season flushes of nutrents may be important,
and require strategies for their capture, such as early or dry planting. Between-
year variations are also significant, with higher and lower rainfall periods
resulting in different levels of available soil moisture and nutrients. Over
longer periods, processes of mineralization and immobilization may also

affect the availability of nutrients in mobile or immobile pools (Woomer and
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Swift, 1994). In addition, different elements of the nuttient cycle change at
different rates, with some mineral elements (notably nitrogen} showing much
greater variability over time than others (such as phosphorous). Thus assess-
ments of simple aggregate availability of fertility resources tnay be insufficient
to assist with the complex task of synchronizing highly tempotally-variable
nutrient availability with plant growth (Woomer et al, 1994). In the annual
farming ‘performance’ (see Richards, 1989), timing is all, requiring skilled
insights into soil—crop interactions and the dynamics of change.

Of major concern to farmers and policy-makets alike is the question of
whether soil-fertility is declining or improving. In answering this we are
concerned with somewhat longer trends over time. If we are to make any
statement about change we must be able to detect trends in data against a
background of variability (cyclical or simply *noise’). We must also be sure

~that the trend we are seeing is a real one, not driven by another vatiable. For

example, in Wolayta, Ethiopia (see Chapter 2), maize yields are influenced by
the both rainfall and the availability of fertilizer. No trend in yield potential
could be confirmed over the period from 1971-1993, as fertilizer use
increased and then decreased, with yields returning to their pre-fertilizer levels.
No overall trend in rainfall was seen during the period, suggesting that this
was not a confounding variable. Therefore the study concluded that the data
could not be used as evidence for yield reduction due to soil-fertility decline
(Eyasu and Scoones, 1999).

Another key element of detecting trends is to be sure about what the
baseline is. In the Ethiopian example, the baseline yield level was that before
the widespread application of fertilizer. However, if the starting data point
used was at the peak of fertilizer use, then a declining, rather than cyclical,
yield trend would be detected leading to possibly quite different conclusions.
When monitoring soil parameters, baselines are always critical but often quite
difficult to define, due to seasonal and interannual vatiation. A final important
question to ask is: what is the indicator of change which is of most interest?
As discussed earlier, it may not be appropriate simply to use technical
measures of soils to assess degradation, for example, unless such parameters
are directly linked to wider values for livelihoods. Thus, choosing a set of
indicators that link soil-change processes to livelihood values is a critical step.
Too often indicators of land degradation or land quality®® appear to be
plucked out of a hat and do not pose the question: does change in the pattic-
ular indicators chosen really matter?

Changes in soils may not be associated with smooth, secular trends, but
often with refatively sudden transitions between states. Environmental trans-
formation therefore may be more reliant on contingent and chance events,
than predictable, slow evolutionaty change. Methods for identifying such
transitions, and the key events and conditions surrounding them, are there-
fore vital (see below). This requires taking a histotical perspective which
locates soil transitions in various time periods (over years, decades, centuries
ot even millenia). The conjuncture of particular combinations of events is
often key to such explanations, and may require a retracing of ecological,
economic and social histories as part of the investigation. In developing such
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historical insights for particular plots, farms or landscapes it is impostant not -

to infer historical trends from spatial patterns.

Where major interventions have occurred which have fundamcntally'
reshaped land use and agricultural practices, a historical imprint may be left on-
the landscape. For example, the legacies of technocratic planners can be.

detected in the soils of Ethiopia as a tesult of the imposed villagization
schemes of the 1980s (Chapter 2), in Mali in the form of organization of the
large rice irrigation schemes, and in Zimbabwe resulting from the land reorga-
nization imposed during the centralization and land husbandry periods. Thus
soils in each of these cases are, in part, the product of past interventions,
some dating back over 50 years. Past practices may leave both positive and
negative legacies which influence current options. For example, earlier settle-
ment or Araal sites ate widely valued particularly for new garden land (see
Chapters 2 and 4), where the regular deposition of household waste, excre-
ment and dung has resulted in the concentrated accumulation of nutrients.

Agticultural landscapes are thus made up of a mosaic of high and low
fertility sites, each with distinct dynamic histories. Each, in turn, requires
different management strategies. The result is the need for site-specific
approaches to soil-fertility management that take note of such diversity and
changing soil patterns, and build on the adaptive, responsive ‘performance’ of
farmers’ cultivation strategies. As discussed in detail in each of the case study
chapters which follow, farmers are well aware of such challenges. The appli-
cation of soil amendments, for instance, is often highly focused both in space
and time, with placements being made to improve particular patches or
capture particular moments when nutrient-uptake efficiencies are maximized.
In such diverse and dynamic settings, then, surprise, uncertainty and variabil-
ity are the norm. This requires highly dynamic soil-fertility management
approaches that are at once, opportunistic, efficient and flexible.

Integrating understandings of natural and social processes

As with the analysis of spatial diversity, insights into temporal dynamics must
take into account the range of socio-economic influences driving change.
Understanding how soils change, and what the challenges for soils manage-
ment are, therefore requires insights into the histories of landscapes, fields
and plots. Histories of clearance, cultivation, settlement, burning, grazing and
planting are intimately connected with the social, economic and political histo-
ties of human action, Thus particular types of farming practice may be
redolent with social meaning and identity and so imply forms of validation
for particular social arrangements (see Guyer, 1984). An integrated undet-
standing of the natural and social wortlds is therefore requitred if the observed
diversity of soils is to be interpreted with any success.

Soils can therefore be seen as both a template for and a product of social
action. Social relations, domestic organization, labour practices, forms of
hierarchy and social position all impinge on the ‘social life’ of soils (see
Nyetges, 1997, after Appadurai, 1991). The way individual farmers influence
soils is mediated by a range of formal and informal institutions. Thus the way
input markets function affects the degree to which inorganic fertilizers are
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used as a soil amendment, for instance. Similatly, institutions governing land
holding and tenute may affect the degree to which farmers invest in soil
improvement, particulatly for the long term. Levels of available labour,
governed by both inter- and intra-household gender and other social relations,
may have big impacts on the way soil-fertility menagement is organized, where
soil-fertility investments ate made, and what is applied. Institutions affecting
access to credit ot savings may also have an impact on the ways soils are
managed, by affecting who has access to cash and when (see Chaptet 6). For
example, in southern Ethiopia 2 whole range of Jocal institutions exist which
facilitate access to labour, draft oxen, ctedit and other means of production.
Investing in the social relations and networks associated with these is a critical
means of survival, especially for the poor (Berry, 1989). Yet institutions affect-
ing soil management and farming practice are not stable — continuous
renegotiation at the local level, resulting from shifting political and social
relations, makes for a great deal of flexibility and fluidity. When linked into
wider circuits of economic change, education, development activity or migra-
tion, the interaction between local institutional forms and wider contexts
becomes key (Berty, 1993). Thus, as seen in the Zimbabwe case study (Chapter
4), changes in economic policy in the early 1990s have had a major impact on
soil-management practices, filtered through the changes in social institutions
(particularly gender relations surrounding land and labour) at the local level.

Undetstanding the complex dynamics of soil transformation thus requites
an integrated insight into spatial and temporal dimensions across a range of
scales, and integrating not only a range of natural science perspectives, but
also, crucially, an understanding of social, economic and institutional
processes. The frameworks and methodologies necessary for gaining insights
into such complexity are the subject of the next section.

Understanding the complex dynamics of soil transformations

An appreciation of divessity and dynamics suggests a set of questions and
methodological challenges which, while not necessarily new, are not often
asked in conventional studies of soils in Africa. Box 1.1 offers a checklist of
some of the key questions which were addressed as part of the studies
reported in this book. Others could be added, and other combinations
explored. ‘

Posing questions of this sort pushes us to think about methods for
answering such concerns. Again this perspective emphasizes an interdiscipli-
nary approach to enquiry, one that integtates methods which adopt a ‘hybrid’
approach (see Batterbury et al, 1997) to the investigation of environmental
and agricultural issues. Box 1.2 highlights the wide range of methods used in
the case studies reported in Chapters 2 to 4.

Because of the large number of variables, the complex spatial patterning
of soils, and the multiple time dimensions over which soil processes operate,
non-linear dynamics are almost inevitable. Uncertainty and surprise are always
key features in such situations (Holling, 1993). Thus methods for identifying
key driving vatiables, important transitions, and system boundaries and
discontinuities are requited. So how is it possible to make sense of all this
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Box 1.1 UNDERSTANDING CHANGE:
SOME KEY QUESTIONS TO ASK

Spatial diversity

+ At what scales should measurements be taken?

*  What are the spatial units identified as important by farmers?

«  What criteria differentiate different spatial units?

»  What is the historical origin of current spatial patterning?

+  How should insights derived from different scales be related to each other?

Temporal dynamics

s Against what baseline should change be assessed? What are the key indica-
tors of change? What faciors make a diffarence?
s What are the longer-term dynamics of the system? Is observed change a

temporary hike, part of a cycle or the consequence of a longer-term shift? -

*  What significant thresholds exist for both soil improvement and degradation
processes?

+  What endogenous and exogenous factors influence changes in soil-fertility?

= in the past what combination of factors and evenis have resuited in major
shifts?

Source: adapted from Scoones and Toulmin, 1999

Box 1.2 SOME METHODS FOR UNDERSTANDING TEMPORAL
AND SPATIAL DYNAMICS

Spatial diversity

* Llocal terminclogy and classification of states

*  Mapping of soil types by farmers

« landscape and site histories

*  Resource-flow models by farmers

*  Partial nutrient budgsts

e Farmers’ experiments with spatialiy-differentiated treatments

Temporal dynamics

« local terminoclogy and classification of soil transitions
»  Archival records and traveilers' reports

< Biographies and iife histories

« Qral histories of environmental change

* Field and sie histories

*  Agrial photographs and satellite images

+  Time-series census and experimental data

* Natural experiments with long-term ‘ireatments’

Source: Scoones, 1997
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Figure 1.4 Dynamics and diversity in Zimbabwean farming systems: a 'state and
transition’ mode!

complexity? What frameworks for analysis and intervention make sense? A
‘diversity and dynamics’ approach suggests that, rather than a linear view of
soil change, multiple possible states should be envisaged, characterized by
distinct physical, chemical and other features. The stability of any of these
states will depend on a variety of factors, both biophysical and socio-
economic, which drive the transitions between states and affect their
frequency. For example, there may be cases where only one single dominant
state is found, where rainfall conditions, burning, cultivation, grazing, dung
deposition and other factors remain constant. This, however, is very rare, and
most situations are highly dynamic.

Figure 1.4 presents a ‘state and transition’ analysis?’ from Zimbabwe, Here
six different ‘states’ are identified for the sandy agricultural soils in Chivi
communal area, with a series of ‘transitions’ between them. Retracing patterns
of change over time for particular sites highlights how, in any one site, all
identified states can exist in an area, both sequentially and in parallel, depend-
ing on the factors influencing the various transitions. For example, on
clearance from miombo woodland (state 1) and the creation of agricultural
fields, many soils lose fertility over titne and a low-level equilibrium soil-fertil-
ity level is reached {state 2). Several paths are possible from this point. Either
the land is left to continue to produce at a low level (state 2), or different types
of investment are made. Between the 1550s and 1970s, many farmers were
able to add manure, other organic matter or fertilizer to such soils (states 3
and 4) in order to boost fertility, although this relied on the availability of
cattle, labout and cash used to buy fertilizer. With declining cattle populations
due to drought, and the rising cost of fertilizers, from the late 1980s onwards
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many farmers have let their outfields return to state 2. Instead, a mote selec
tive investment of labour and organic matter has been focused on smaller
hf)meﬁeld or garden sites (states 5 and G}. Thus, over time, a variety"o'ﬁ-
biophysical factors (eg rainfall) and socio-economic variables (eg labous.
tenure, etc) influence the patterning of soil resources through both sudde
key events (eg drought, fertilizer price rises, etc) or slower changes (eg labou
availability through changing patterns of migration). A number of importans:
steps need to be included in such an analysis (Box 1.3). -

~ This approach starts with an understanding of the local situation; insights
into the differentiated agro-ecological, socio-economic, institutional and poliéy'
CODEEXLS are an essental starting point. This requires a participatory 3pproa’ch-'.'
to investigation, which draws from farmers’ own understanding of their situa :
tion, gnd the changes that have occurred in the recent past. Such local leve
participatory analyses may be linked t0 more conventional research on ke
aspects, but the questions 1o be asked — whether by natural or social scientists
— must derive from understanding the local setting. The perspectives that:
emetge can provide important insights for future action, whether in terms of
ﬁelqd—ie.vel action research on particular technological or management option:
or institutional or policy interventions which, in different ways, also encourag
particular transitions to desirable states. In order to encourage such analysis,
and links. to practical action at different levels, tools are required which aHévt;-
communication and joint analysis - by farmers, researchers, extension workers
and others. The simple approaches of tesource mapping, option ranking, flow
f:hagrams and so on, described in the case studies and reviewed in more detail:
in Ch‘flpter 5, all provide ways in which 2 focus for analysis and common under- .:
standing can emerge, which links analysis to action, and allows collaborativ
approaches to intervention and monitoting to emerge. '

SOILS, AGRICULTURE AND LIVELIHOODS: MULTIPLE :
PATHWAYS OF CHANGE

As discussed above ~ and as the case study chapters show in more depth -
there exist multiple pathways of agricultural and environmental change, both |
between and within sites. In some cases land is being actively improved, whil
in others the soil resource is losing nutrients and productivity. Understanding
these changes requires locating such patterns of soil improvement or degrd
'datlon in a wider context. It is therefore necessary to ask: what are t
interactions of factors which influence soil change? .

A number of different pathways of environmental and livelihood change
are offered in the literature and the policy commentaties emetging from these "
debates. As discussed earlier, much of the mainstream policy narrative on s
change in Africa is based on a neo-Malthusian interpretation of the interac
tion between population and environment. A ‘downward spiral’ o
environmental degradation and poverty is, it is argued, the inevitable result 0
increasing population pressures (Cleaver and Schreiber, 1995). While this may
pethaps represent the dominant popular interpretation, some alternatives are;
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Box 1.3 KEY STEPS IN A DIVERSITY AND DYNAMICS ANALYSIS

»  The range of possible states are identified and their characteristics defined.
This may require soif mapping at various scales - landscape, farm, plot.
Building on local classifications of both ‘states’ (soil types} and ‘transitions’ is
important.

«  The common transitions are noted — those that result in both positive and
negative change (as defined by farmers’ own objectives}. The factors that
influence these, including both biophysical and social/institutional processes,
are then identified. Simple flow diagrams (as in Figure 1.4) can be
constructed to highlight options.

= A key pari of this analysis is o see how gifferent factors have combined in
the past. This requires the compilation of an event history for the site and
highlighting key events and conjunctures over time. A simple timeline derived
from key informant interviews can assist in developing an understanding of
how key events combine and influence patterns of environmental change.

+  The range of desired states is identified (for different groups of people) through
discussion. The transitions required to increase the likelihood of such states
are then identified (from the flow diagram).

«  The feasibility of effecting different types of transition for different groups of
people then can be assessed in relation to their existing access to key assets
{eg in relation to the availability and access to natural, social, human, physi-
cal and social capital).?

- Trade-offs in outcomes are then assessed (eg immediate yield Increases
through fertilizer application versus long-term investment in sustainability
through organic matter applications} and priorities established with farmers
(which will vary by farmer and type of plot or crop focus).

+ {nstitutional and policy constraints to achieving the desired cutcomes are also
assessed, with other types of institutional, organizational and policy interven-
tion identified (eg in relation to specific areas of technology development,
credit support, tenure reform etc — see Chapter 6).

«  Starting at the local level a process of action planning, monitoring and learn-
ing can be initiated, focusing on what is possible given existing patterns of
access to assets and existing institutional and policy constraints, Simple
innovations based on local experimentation and monitoring may highlight
further challenges {see Chapter 5).

also suggested which counter this petspective (Forsyth et al, 1999). These
argue that, while environmental degradation and soil-fertlity decline are
certainly problems, we must be careful in putting forward generalized state-
ments. Indeed, 2 more differentiated look at particular situations shows the
possibilities, under particular circumstances, of improvements in eaviron-
mental conditions associated with the intensification of agriculture and the
reduction of poverty.”? Under this argument, increasing population density
changes the incentives to invest in land, resulting in labour-intensive processes
of agricultural and environmental improvement (Boserup, 1965). This is
particularly apparent when 2 range of policy conditions ate assured, including
access to markets, good quality infrastructure, knowledge and technology and
secare tenure {Tiffen et al, 1994).




36 DyNAMICS AND DIVERSITY

Table 1.3 Relationships between key contextual variables and soil-fertility management
practices and ontsomes across sites

Ethiopia Zimbabwe Mali
Highland Lowland Mwende Chivi  Difaba Siguiné Tissana M'Péresso

Rainfail
{mmfyear) 1272 924 850 550 450 450 650 800

Soil type Volcanic Voicanic Granite Granite Lithosols, Lithosols, Lithosols,Lithosols,
nitosols  nitosels  sands  sands  acrisols  acrisels  acrisols  acrisols,
gleysols

infrastructure  ** * FxEK Kk Sk sk k% sk

Markets kE * wkkk *x K sk *k Fedeke

(for rice}{for catton)

Extension
services *% i dkk ** * * FEEF Tkhk

Land tenure
SeCuriEy ] R wREX wHRE KRR HREK khkk *hKRK

Population
density
{peoplefkm?) 375 110 150 44 50 15 29 18

Fertilizer
purchase (%) 81 87 66 i6 100 0 0 100

Cattle
ownership{n} & 4 5 4 13 22 26 19

NUTBAL (N) -64 -30 -17 ~-28 ~24 -32 +34 +35

Notes: For Ethiopia and Zimbabwe, these figures are based on averages for maize fields across all resource
groups for outfields. For the Mali cases these relate to rice and cotton for Tissana and M'Péresso, and mitlet
fields for the other dryland sites.

Key: ¥*** = more to * = less

What scenatios are evident across the case studies, and are there particular
pathways of environmental and livelihood change which can be seen? Table
1.3 puils togethet some general data on each of the research sites and relates
these to a set of indicators of soil change — manuse inputs (with cattle owner-
ship as the proxy indicator), fertilizer use and nutrient-balance estimates on
main fields. At this aggregate level it is difficult to discern consistent and
distinct patterns. The data show that at a site level, there are no simple cotre-
lations between soil-fertility management practices, nitrogen balances and
factors such as rainfall, population density, matket access, infrastructure,
extension coverage and tenure security.

Clearly a combination of factors affect outcomes. Thus simple arguments
based on biophysical characteristics or on demographic factors (in either 2
Malthusian or simple Boserupian form), do not hold, as a more integrated
analysis is required. As Sara Berry (1993, p183) argues:
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Agricultural intensification ... cannot be reduced to a guestion of change in
relative factor proportions. Instead, changes in agricultural technology nenst
be understood in relation to changes in the organization of agricultural
production and specific regional configurations of economic, political and
soctal change.

The case study chapters that follow attempt to take such a broad and histori-
cally situated perspective in analysing changes in soil-management practice
across the sites. Overall, though, three broad groupings of sites can be idend-
fied, based on different pathways of change, each with different implications
for pattetns of intensification and sustainability.

Dryland farming: opportunistic cropping on low-fertility soils
These sites are characterized by low agricultural potential, largely due to low
levels of rainfall. The relatively extensive dryland sites such as Siguiné and
Dilaba in Mali and Chivi in Zimbabwe could be described in this way. All have
relatively poor soils, receive low annual rainfall levels and suffer petiodic
droughts. The limited inherent potential of these areas means that investment
in soil improvement has low and uncertain returns. Overall, the result is a
relatively low-input and low-output system. Due to the huge interannual and
seasonal variability in rainfall, farmers must be highly responsive in their
farming approach. If good rains are received, then it may be worthwhile
investing in labour and soil-fertility inputs, whereas in many years this does
not pay. An opportunistic approach to farming is the result, reliant on careful
agronomic responses to an unfolding season (Scoones et al, 1996). In some
years, through the efficient timing and placement of fertility inputs, signifi-
cant yield responses can be achieved if the broader conditions, outside
farmers’ control, are right. In other years ficlds are often left largely alone
following planting, and what yield is achieved is regarded as 2 bonus.

Nutrient budget data from case study sites of this sort show net nutrient
losses due to the low level of inputs applied. However two caveats must be
applied to this data. First, such losses vary considerably from year to year
because of the high variability of yield levels, which means that single-year
data should not be taken too setiously as a guide. Second, because inputs in
such ateas are often applied in a highly spatially-focused manner, fertility levels
in the plant zone may be high with good uptake efficiencies tesulting, while
the surrounding soil may have very low fertility levels. In the Zitmbabwe case,
for instance, the poor granite sands of many outfields act mozre as a planting
substrate, with limited and focused applications creating a response.
Aggregated pictures, even at a plot level, therefore, may not reveal the complex
spatial dynamics of soil-fertility management in such areas where, despite
very low inputs levels in total, high responses can be achieved (2 low
input-high output system) during intermittent good conditions.

Overall, though, pet nutrient depletion seems to be occurting But does
this matter? The soils of southern Zimbabwe and the Sahel have long been
very low in nutrients and yet crops are still grown. In the Sahel, for instance,
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inputs from Harmattan dust and mineralization of the limited available
organic matter may result in around 15kg/N per hectare per year —an amount -
approaching the level of extraction noted in the partial nutrient balances. As =

long as some fallowing occurs to regenerate 2 limited amount of organic
matter in the soil, this may be 2 reasonably sustainable farming system. Indeed,
continued depletion may not matter hug
applications can be achieved, and the efficiency of input use is continuously
improved. This may be possible 25 long as organic matter levels do not drop
below a lower threshold of around 1 per cent (see Pieri, 1989).

Declining land quality and agricultural involution

A second cluster of sites can be found in areas of higher potential, but where

agricultaral productivity and soil-fertility is stagnant or declining. The outfield

sites in Ethiopia (particularly the highland areas) and patts of Mangwende in
Zimbabwe could be desctibed in this way.

Despite increasing land pressure, 2 pattern of agricultural intensification

and associated investment in the soil resource is not observed to any signifi-
cant extent. Instead of a Bosernpian cycle of improvement, a more negative
picture of agriculrural involution is observed (see Geertz, 1968). Under such
circumstances a low asset base, combined with an unsupportive policy
enwvironment, create conditions of limited productivity. This, in tursn, results in
reduced capacity and few incentives to invest in soils leading to yet further
declining productivity. In essence, this is the ‘downward spiral’ which is so
dominant in mainstream policy narratives on soil and lagd management in
Africa (see above),
A range of factors noted across the sites may conttibute to such a pattern
of low investment. In all sites in this cluster, significant potential exists to
boost productivity through the application of fertility inputs. In contrast to
the drier sites, relatively reliable and high rainfall and, in the case of Ethiopia,
relatively good soils, mean that the addition of manare or fertilizer (or some
combination) can result in reasonable vield increases. Such potentials are
demonstrated in numerous research trialé and have been witnessed in petiods
when fertilizers have been subsidized and supplied effectively (as in the period
when the WADU integrated rural development project operated in Ethiopia
and the period after independence in Mangwende, Zimbabwe; see Chapters 2
and 4). However, small plot sizes mean that livelihoods must be sustained
through means that go beyond the intensification of agticujtural production,
particularly in Ethiopia (see Chapter 2).

A combination of factors have made such investment options litnited.
Changes in pricing and marketing arrangements following structural adjust-
ment and agricultural liberalization have seriously affected the profitability of
fertilizer use in all case study countries (Chapter 6). Combined with poor infra-
structure and credit facilities in many settings, this means that, for many (but
not all — see below), the ability to use fertilizer inputs to boost productivity
levels has been limited. Other options, based on organic sources, have simil-
iatly been constrained by the lack of available cattle, biomass or labour.

cly as long as responses to focused. -
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Table 1.4 Cuses of soil-fertility improvement

Description of
changes

Nutrient balances Key assets

(kgiha}

influencing

Key external
drivers
influencing

Ethiopia — High inputs of

darkoa manure and

gardening other organic
material,
combined with
intensive hos
cultivation
(mounding,
ridging). Long-
term accumulation
of soil crganic
matter and
nutrients. Highly
preductive

Mali - irrigated Highly productive

rice zone rice farming;
fertilizer applied in
excess of
recommended
rates. However K
removais from
livestock grazing
of stubble is
significant

Mali — Recommended

fertifizers on inputs of fertilizer

catton suppiiecd on cradit
as part of CMDT
package results in
high cotton yields
in reasonable
rainfall years

Zimbabwe -~ Carefu timing and

mixed placement of

manuring and  manure and

fertilizer fertilizer {in

placement ptanting hole or in
furrow) restits in
significant yields
of maize in good
rainfall years with
relatively low
input levels

Richer rescurce
group, garden
areas:

Enset

N: +11.5
P11

Taro

N: +4

P +105

Average ali
resource groups
(rice fieid)

N: +34

P +8

K: -88

Average ail
resource groups
{cotton fieids)
N: +35

P42

K: +5

Richer rasource
groups, homefield
Mangwende

N: +5]1

P +16

Chivi

N: -13

P12

Female and child
labour for
coflecting and
transporting; cattie
ownership/holding
for manure

Good fertilizer
supply; support
from Office du
Niger; herding and
manuring
arrangements with
Fulani herders

Cash for purchase
of fertitizer and
repayment of
credit

Cash for purchase
of fertilizer; cattle
for manure; timely
draft power, tabour
for placement; skill
and knowledge for
placement

Drought and
disease affecting
cattle populations

High value cash
craps (rice and
vegetahles), with
good marketing
opportunities

Fertilizer price
and credit
system

Fertilizer prices
and markets;
drought and
cattle availability

advagtagfl:ous. T‘hc' rice zone site in Mali is a good example, where the
combination of irrigation infrastructure and support (in terms of exten-

sion advul:e, credit support etc) through the Office du Niger has resulted
1n increasing investments in soil management.
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Two key questions follow from this analysis. First, what factors influence
transitions berween these pathways for different people in different sites?
Second, in what ways can external influences encourage positive transitions
and help prevent negative ones? To begin to answer these, we need to examine
the dynamics of change in a bit more detail. This requires looking at patterns
within the study areas, differentiating by both people and place. Table 1.4
presents 2 series of case examples from actoss the three case study countties
of positive change. This describes the type of changes occurring, the current
level of nutrient balance, and the key factors influencing such outcomes. The
table differentiates between access to assets at 2 Jocal level (including land,
labour, draft power, skills, social resources) and external drivers influencing
chanpe.

Within sites, then, we see a tange of factors influencing why, on 2 partic-
ular piece of land, soil-fertility may improve or decline. In terms of soil
improvement strategies, two broad patterns can be identified (Carswell et al,
2000).

First, a labous-intensive approach based on manuring and the application
of other organic matter to a relatively small area. Such a gardening style of
agriculture is common across the sites, particulatly in homefields, and repre-
sents an important way in which soils are entiched and transformed. This
requires high levels of available biomass (eg leaf litter, compost), manure Of
othet organic waste, as well as considerable labour for composting, catrying
materials to the fields, and for the labour-intensive styles of cultivation often
associated with gardening (eg ridging, mounding etc). Given that such invest-
ments often take many years, with effects cumulative over time as the level of
soil-fertility and productivity increases, a level of tenure security is critical. As
the villagization experience in Ethiopia showed (see Chapter 2), the forced
abandonment of such resources can have significant impacts on livelihoods.

Second, a more capital-reliant approach is observed, based on the
purchase of inorganic fertlizer. Here external factors are critical, including
price ratios, input markets, and infrastructure (including, in the case of the
sice zone in Mali, the maintenance of the irsigation system). The case of the
cotton zone in Mali, where the patastatal CMDT has provided a range of
suppott, is perhaps the most capital-focused example. However, reliance on
such factors may prove risky, as. the experiences of a number of sites have
shown during the structural adjustment period.?® Whete input ptices increase
dramatically relative to output prices, alternative strategies may emerge which
combine the addition of inorganic fertilizer with more labour-intensive fertil-
izer-placement strategies. In such situations (see, for example, the discussion
in Chapter 4 on Zimbabwe), lower amounts of fertilizer are applied, but
uptake efficiencies ate improved.

But the story across the sites is not all positive, as a decline in soil-fertility
is seen in some sites. A number of factors conttibute to this. In some situa-
tions this is as a result of a conscious switching of investmesnt to other patts
of a farm (for example, garden areas in southern Zimbabwe or Ethiopia),
with land left for mote opportunistic cropping, and expected yields at 2 low
level. In situations whese ensuring the right balance of soil nutrients and avail-
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able water is difficult, this may be an appropriate response to the inherent
tiskiness of dryland areas, as long as yields can be increased elsewhere. In
other situations a decline in soil-fertility has a more direct impact on liveli-
hoods. For example, declining yield levels of high value crops (such as maize
in Mangwende, Zimbabwe or cotton in Mali) on main fields may have serious
consequences if not offset by additional inputs. In such situations ‘nutrient
mining’ may result in negative impacts on livelihoods and, in the longet term,
if organic matter levels for instance drop below critical levels, for the sustain--
ability of the system. o

Such negative pathways of change may arise for those without %ufﬁcient B
assets at their disposal (cash, labous, oxen etc). This may be a result of declin--
ing state suppott (as in the case of structaral adjustment and libetalization
impacts), the impoverishment of the asset base through the impact of
drought, the failure of markets to provide alternatives (eg through credit for
fertilizer) or the inability to taise income through alternative off-farm sources: -
and remitrances for input purchase or asset rebuilding. Such factors clearly -
influence different people in different ways. As the case study chapters show,
some end up in a vicious circle, where a declining asset base combines with -
institutional and policy impediments. Such patterns may result in a process of
“agricultural involution” where poverty increases as the resource base declines.
However, as the case studies show, such 2 ‘downward spiral’ and a direct
linkage between poverty and environmental decline is not universal. Indeed,
many poorer farmers are able to intensify and improve soil-fertility at the :
same time along a pathway of labour-led agricultural intensification and’
resoutce conservation. By contrast, some ticher farmers may fail to invest in’
their soils, preferring instead to maximize short-run returns or rely on other.
sources of income for their livelihoods. 5

The consequence, then, is a complex interaction between itvehhoods _
poverty and environmental changf: with no predetermined outcome. In order
to undesrstand such dynamics, it is necessary to unpack the relationships.
between the broader context, the assets held by different households and -
individuals and outcomnes, both in relation to changes in peopie’s livelihoods
and the resource base on which they are, at least in part, reliant, Processes o
soil change therefore must be seen in a wider livelihood context, where influ
ences ranging from macro-policy factors to micro-household-based factors all.
zmpmge and are mediated by a complex intetaction of institutions and orga
zations located across levels. In order to identify the range of pathways o
livelihood change and their influence on soils for a particular site and grou
ing of people, a number of questions must be asked (see Box 1.4).

Thus pathways of envitonmental change — and the associated processes :
of environmental sustainability, land degradation and soil enrichment — a
intimately connected to farmers’ livelihood constraints and opporturnues
influenced by the broader settmg, the available capital asset base, and the range:
of institutions and organizations mediating outcomes. In any particulat case,
then, a technical understanding of soils must be allied to a broader under
standing of livelihood change if the underlying factors influencing t
prospects for a more sustainable use of soils are to be grasped. :
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Box 1.4 PATHWAYS OF CHANGE: LINKING LIVELIHOODS AND
SOIL MANAGEMENT — SOME KEY QUESTIONS

»  What different strategies for soil management are being employed by different
people in different sites {eg different styles of agricuiture - from organic
gardening to cash cropping with fertilizers etc)?

+«  What are the consequences for people's livelihoods (eg changes in poverty
levels, changes in degrees of vulnerability) and the resource base (g changes
in nutrient balances, levels of soil conservation etc)?

+«  What are the contextual factors influencing these different soil-management
strategies? What broader trends are evident, and what shocks or risks are
significant?

+  What are the key assels necessary for sustainable solis management? How
are these differentiated between sites and among different groups and individ-
uals?

*  What institutions and organizations affect the ability of different people to
gain access to the necessary assets required for both improving Hvelihoods
and sustainable soil management?

Such an analysis pushes us towards a mote holistic assessment of the inter-
vention possibilities and policy options for encouraging more sustainable
livelihoods and soils management. Thus an analysis of contexiual factors may
identify some significant trends or risks amenable to external influence. In the
Mali case, for example, changes in the fertilizer price and supply network
through lberalization policies may have negative effects on soil management
and livelthoods in the cotton zone, with many implications for the institu-
tional and organizational questions surrounding support to such areas.
Similarly, an assessment of the distribution of the asset base may reveal some
key constraints. For example, the decline in cattle populations due to
trypanosomiasis in the lowland areas of the Ethiopia case study area is having
major consequences on the ability of farmers to pursue a manure-based inten-
sification strategy on home fields. But it may not be material assets alone
which constrain opportunities. Access to knowledge and skills and social
arrangements for improving soils may be just as important, particulatly for
those whose material asset base is limited. Thus investment in 2 knowledge-
focused participatory extension strategy with farmers, linked to the
encouragement of farmer groups, may be appropriate in some settings (see
Chapter 5 and Defoer et al, 1999, for further discussion of this theme). A
focus on institutional and organizational factors may also highlighe areas for
concentrating support. For example, the supply of cheap fertilizer ts a key
issue for many farmers across the sites. Credit markets, infrastructure support
and input and output marketing arrangements are all highlighted as critical
constraints. Chapter 6 explores in more detail the range of possible interven-
tion options and policy issues that atise from an examination of the case study
experiences.
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CONCLUSION

In contrast to the generalized statements that dominate the policy debate, the
research discussed in this book points towards the need for a much more
nuanced perspective. Such a perspective must take into account the spatial and
ternporal variations in soil properties and dynamics and link understanding of
biophysical processes and socio-economic change. A historical perspective
highlights the importance of looking at environmental and social change over
the longer term. A range of influences push pathways of change in different
directions. These are not continuous and predictable, as the interaction of
biophysical events (such as drought} with changes in macro-economic policies
(as with structural adjustment) lead to shifts in institutional configurations and
so farming practices at the local level. The findings across the sites therefore
echo those of Sarz Berry (1993, p189) when she comments:

Agricnltural intensification has neither been inevitable nor continnons in
African farming systems. In some areas, intensification was halted or
reversed by changing environmental or political and economic conditions; in
others, 7t has ocsurred not as an adaptive response to population growth or
commercialization, but in the face of growing labonr shortages and declining
commercial activity. Sweh cases underscore the importance of studying
Sfarming as a dynamie, social process.

The challenge then is to find ways of improving the possibilities of successful
soil-fertility management under smallholder conditions through an appropriate
combination of policy and technical support (see Chapter 6 for a detailed
discussion of this theme). A contexe-specific approach to the analysis of soil-
ferdility issues requires a different style of research. Instead of attempting
aggregate analyses leading to broad plans of action and statements of policy, 2
more differentiated perspective is needed. This needs to build on local under-
standings of processes of change, and capitalize on opportunities for action
identified at the local level. While many of the technologies and interventions
conventionally recommended may remain appropriate, these need to be fitted
to particular settings. In otder to ensure that reseatch and technology develop-
ment are focused on local needs, rather than responding to a simplistic and
generalized policy agenda, such work needs to be firmly linked to a participa-
tory learning approach which encourages local-level innovation, testing and
adaptation (see Chapter 5 for a further discussion of this theme).

Soil management which takes account of dynamics and diversity there-
fore requires an approach that links soils and people, integrating the technical
and the social in both analysis and action. This requites new ways of thinking
and acting that build on interdisciplinary perspectives and innovate with new
styles of participatory research, action and learning. The case study chaptets
which follow demonstrate how such an approach might look in practice, while
the concluding chapters reflect on the implications for field-level research,
action and policy respectively. We hope this book will provoke new field-level
activities, as well as encouraging reflection on the policy debate and the focus
of development efforts in this important area.

Chapter 2

CREATING GARDENS: THE DYNAMICS OF
SOIL-FERTILITY MANAGEMENT IN WOLAYTA,
SOUTHERN ETHIOPIA®

Alesmayehn Konde, Data Dea, Ejigu Jonfa, Fanuel Folla, Ian Scoones,
Kelsa Kena, Tesfaye Berhany and Worky Tessema

INTRODUCTION

Questions of soil management feature prominently in the policy debates on
the future of Ethiopian agriculture and environment. Very often, a pessimistic
picture is painted, with dramatic prognoses of environmental catastrophe. In
particular, soil erosion has been highlighted as a majort problem in the highland
areas and major initiatives have been launched to tackle the issue, For example,
the Ethiopian Highland Reclamation Study concluded that around 1900
million tonnes of soil are lost from the highlands each year, amounting to
around 35t/ha/year (FAO, 1986). Simiiar pronouncements emerged from the
early phases of the National Conservation Strategy process which empha-
sized the widespread nature of envitonmental degradation (Wood and Sthl,
1989). The concern generated by such studies resulted in major campaigns
from the mid-1980s to build soil bunds and terraces across the country,
supported by massive food-for-work programmes (Hoben, 1995; Keeley and
Scoones, 2000a). Similatly, soil-fertility decline has been highlighted as a signif-
icant constraint to agricultural production and food self-sufficiency (Wales
and Le Breton, 1998), and major efforts have been made to encoutage the
wider use of inorganic fertilizers (Takele, 1996).

From the late 1960s, agricultural policy has been framed in terms of the
need to ‘modernize’ Ethiopian peasant agriculture through a process of
technology transfer. During the 1970s a series of integrated rutal develop-
ment programmes were established in different areas (Cohen, 1987; Stahl,
1981). These later led to an agricultural extension approach based on a series
of technology packages based on improved seeds and fertilizers. In recent
years this technology transfer approach has been promoted first through the




