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The review 1s in three parts and iz aimed at providing a broad
overview of the role of ‘valley bottomland’ wetlands in savanna
agroecosystems in Africa. The role of spatial heterogeneity and
farmers’ and pastoralists’ responses to patchiness is often
ignored by researchers, planners and extensionists. The review
aims teo map out the key issues and suggests a new way of
interpreting savanna agroecosystems with important implications
for future directions in agricultural and pastoral development in
drylands areas.

Part 1 by Tan Scoones: Qverview — ecological, economic and social
1ESEuUesE.

The overview provides an introduction to the case studies fpart
3} and the detailed assessment of biophysical aspects (part 2).

Tt attempts to highlight key issues that run through all analyses
of patch use within dryland agroecosystems. Bottomland
-agriculture and pastoral systems are investigated with a series
of case studies. Questions of environmental degradaticn, land
tenure and approprlate economic analysis are also explored. Part
1 concludes with a discussion of the implications for
agricultural and pastoral development. -

Part 2 by Julie Ingram: Soil and water processes

The review ©f s0il and water processes examines the literaturse on
soll processes by looking at interactions between topland and
bottomliand in solil formation and movement. Bottomland wetland
areas are placed in a landscape context by reviewing catchment
level processes. In situ seil and hydrologleal factors are also
examined. Fart 2 concludes with an assessment of the potential
impact of land use change on patchy wetland areas.

Part 3: Case studies

Part 3a by Ken Wilson: Historical patterns of wetland use in
southern Africa

Part 3b by Misael Kokwe: The role of dambos in agricailtural
development in Zambia

Part 3c by Ian Sccdnes and Ben Cousins: A struggle over rescurce
use - the case of dambhos in Zimbabuwe



Part 3d by Are Kolawole: Economics and management of fadama in
Nigeria.

Part 2e by Sjoerd Zanen (and others): Bas-fonds dans le.
centre-nord du Burkina Faso.

Part 3f by Mohammed Osman El Samanni: Wadis of Norih Kordofan -
praesent roles and prospects for development.

Part 3g by Zeremariam Fre: Khor Baraka - & key resource in
Eastern Sudan and Eritrea.

contributors

Ian Scoones is a Research Assoclate with the Drylands Programme
at the International Institute for Envirconment and Development in
London. His work has recently focused on lssues of livestock
mnanagement and ecology in Zimbabwe.

Julie Ingrem is a soil scientist based in Nairobi. Her previous
work in Zimbabwe concentrated on s0lls in agroforestry systems.
She is associated with the Tropical Secil Biclogy aend Fertility

Programme of the International Union for Biolegical Sciences.

Misael Xokwe is an agronomist working with the Adaptive Planning
and Research Team in Luapula Prov1nce, Zambia. He has. been.
involved in researching the agronomic. properties of dambos in
Luapula.

Ken Wilson is an anthrnpnloglst working at the Refugee Studies
programme in Oxford. His work in Zimbabwe has concentrated on the
llnkages between ecology and human welfare.

Ben Cousins is a social scientist based at the Centre for Applied
Social Sciences at the University of Zimbabwe. Hig recent
research has locked at questions of common property management in
grazing schemes in Zimbabwe. :

Are XKolawole 1ls a regearch fellow at the Centre for Social and
Fconomic research, ahmadu Bello University, Zaria, Nigeria. His
work has focused on the envirommental and social issues in the
Lake Chad area.

Mohamed Osman E1l Sammani is a senior lecturer in gecgraphy at the
Institute of BEnvironmental Studies, University of Khartoum,
sudan. He has researched a wide range of environmental and 5001&1
issues in the Sudan.

Zeremariam Fre is a founding member of the Pastoral and
Environmental Retwork for the Horn of Africa. He has worked on
veterinary issues among the Beni-amer of eastern Sudan and
Eritrea.

sjoerd Zanen works for the PEDI-Kaya project in Burkina Faso.

-




WETLANDS IN DRYLANDS:

THE AGROECOLOGY OF SAVANNA SYSTEMS IN AFRICA

Edited by Tan Scoones, Drylands Programme, ITED, London.

PART 1:

August 1990

OVERVIEW - ECOLOGICAL, ECONOMIC AND SOCTAL ISSUES
Ian Scoones

Contents

1. Introduction

[
»
WM

=
~1 O

B B B B DS A b M
[ ] [ ] [ ] [ ] [ ]
] LT s Ll b e

[N ]
"
48]

2.9

Wetlands in drylands

Patchy resources: theoretical framaworks

Variations in space: adapting to diversity
and complexity

Variations in time: coping with uncertainty

Conflicts over Key resources

Feconomic value of patchy resources

Inplications for agricultural development

atches and Agricumltural Systems

Historical perspectives

Catenal farming systems

Parming within patches '

output diversification and commercialisation

Seasonal cropping and labour patterns

Exploiting interannual wvariation

Trade-offs in decizgion making: Farming bottomland
areas in northern Nigeria

Comparative returns: the rationale for bottomland-
cultivation

Topland or Bottomland agriculture?

3. Patch Use by Livestock

Pazstoral strategies and key resources

Mbugas of Tanzania

Wadis in western Sudan

Dambos in Zambia

Damhos in Zimbabwe

Issues in grazing management and patchy resources

4. Patchy Resources and Land Tenure Issues

4.1
4.2

Forms of conflict over key rasources

Caza 1: Conflicts over wadil use bhetwaan satitled
agropastoralists and nomadic livestock owners
in Darfur, Sudan

Case 2: Removal of land from pastoral use — the
case of the Barabaig of Tanzania

Case 3: Downstream impacts of dam construction
in Migeria

Conclusions

Page

b

;e

11

"1l

12

14

iad

16

23
28

30

33

10

42
49

51
51
54
56
57
SB
&0

61

61

65

a7

68
70



as the review of bhiophysical properties (Part 2) makes clear,
there 1is immense variation in hydrogeomorphic propertles
within and between these categories of ‘wetland’. This is
important to understand in order to capbture the significance
of these areas within overall systems. However the
Justification for the wide focus of this review iz that each
of these types of wetland has a similar funcgtiocnal role within
thae zystem. A=z the case studies will reveal, it is the
relative wethess and dryness and the seasonal and interannual
variation of moisture level of the top and Lkottomland
conponents of the system that are particularly important. This
combines with warisasbility in seil properties that affect the
abllity to farm an area, the nutrient complement of the spil
and the guality of the grassland for fodder. Wetland and
dryland are thus used as relative terms, rather than as
absolute concepts, defined strictly by availlable water.

The areas that the case studies foocus on includss areas.
receiving over 1000mm of rainfall annually to those with an
average rainfall of 200mm or less. These are. the savanna areas.
- that are the interface between the wetter tropics and the arid
lands. The savanna areas are home to a wast population
deriving a livelihood in a temporally and spatially wvariable .
environment. These are the “‘drylands’ to which this study
refers. -

This study does not consider the large river deita and flood
plain wetlands ¢f the savanna zeone. These areas have different
forms of aqgricultural and pastoral use and interactions with
topland areas. Although many aspects of system dynamics are
similar to the ‘wetland’ areas being considered here, an
examination of these will not be pursued, except for
comparative purposes. 0Other studies (eg CML, 1985, IUCH) have
provided useful agroecoclogical infarmation for these systems.
The wetlands that are the focus of this report are perhaps
lesas s=pectacular in scale, but nevertheless important to
understand. although spatially scattered such bottomiand areas
may constitute a significant proportion of total area in
savanna lands.




Andriaesse {(1987) estimates that inland valley wetlands cover
ail arsea of B50000 km2 in sub-Saharan Africa, about 7% of the

total area. This figure was calculated on the basis of
axtrapolation from West Africa (Hekstra and Andriesse, 19823).
This estimate doez not include the smaller areas of patchy
‘wetland’ that could not be mapped at this scale. Combinegd,
the bottomland areas of the drylands may represent between 5%
and 10% of total araa.

Ooverarching, all embracing definitions of walley bottomland
wetlands are diffieculit to find. Leocal factors always provide
axceptions. A recent review of the hydrogeciogy of valley
bottomland systems (Thomas and Goudie, 1985) attempted to
define ‘dambosa’. Thig ferm was used generically to refer to =z
wide range of valley bottomland areas in Africa. These types
of wvalley forms are more frequently described in African
{especially central-southern). But =imilar areas exist
throughout the tropics. The authors described dambos as:
"Tropical, seasonally waterlogged, predominantly 'g%&sé

covered shallow linear depressions, freguently without a
marked stream channel."

Attempts at more specific bounding fails. Usually damboﬁaéré
found in rainfall ranges of 600-1500mm, but similar componenfé
of the landscape are found in high rainfall areas (eg bolis of
S5ierra Leone) and in low rainfall areas (wadis in Sudan, bas
fonds in the Sahel)., Usually dambos are found in areas of low
gradient, esgeciaily where associated with ancient planation

surfaces, but perched dambos may pPe found in hilly areas.

Too often definitional debates get swamped in semantics, with
ceach disciplinary speciality attampting to incorporate their
OWn perapeétive. Whitlow {198%) lists 27 detfinitions of dambo
derived from gecmorphology, agriculture, ecology, pedology and
hydrology. This review takes a multidisciplinary approach. In
order to dJdefine the boundaries of this study a range of
factors must be taken into consideration. The following
sections will explore hydrology, sclls, geomorphology,
ecology, agricultural and. livestock production, and tenure
questions in more detail.



At this stage ‘wetlands’ can bhe defined in terms of their
aystem function by contrasting their properties with the

surrounding topland areas.

~ areas that act a= the drainage pathways or sinks for the
surrounding dryland catchments (ie. headwater depressions,
inland valleys, drainage hasins or sinks).

- arsas with higher levels of s0il molsture than the
surrounding topland during the dry season and in droughts.

- depositional areas where organic matter and s0il putrients
accumulate, making the soil heavier and richer than the
surrounding araas.

- areas with higher per area productlvity of grassland or
crops, but not necessarily higher returns to labour, than
the topland areas.

- areas that are generally s=mall in relation to overall
available area, but have generally higher production
returns, the potential for extended seasonal use and
provide the opportunity for diversification compared to
topland areas. _

- areas that are often key compeonents in sustaining. rural
livelihoods, both in agricultural and pastoral systems, as
complements to topland, dryland use. '

Certain themes will be explored in each part of this review.
Part 1 provides a general overview, while Parts 2 and 3
explore issues in more detail with case studies and reviews of
existing literature. This chapter introduces some of the major
themes. It starts with an overview of the theoretical
justification for considering hetercgeneity in ecological and
economic analysis of agroecosystens.




1.2. Patchy resources: theoretical frameworks

Spatial heterogeneity is increasingly being realised to he
important in understanding the dynamic properties of
ecological and economic systems. The LkKey properties of
aqroecosystens - productivity, stability and sustainability
fConway, 1987 - each have spatial dimensions in their
economic or ecological interpretation. This =section will
review elements of the theoretical literature that contribute
to current understanding of the szignificance of patch use in
dryland agreoecosystems.

It is necessary to focus on appropriate levels of resclution
to understand farmer or pastoralist behavicour. Patches, which
are relevant to the farmer, may not be recognised at other
scales. Patches exist within agroecosystems within a nested
hierarchy. The appropriate scale of measurement and analysis
will depend on the scale being used. The landscape of rescurce:
patches will be different for insects, geoats, cattle and hunan
beings.

Interpreting patch use at a particular scale may requlire the
adaptation of measurement technigues. The size of a patech
boundary will differ according to the zcale at which the patch
iz measured according to the theory of fractal geometry
{Hastings et al, 1922; May, 1989). This may have important
implications for the practice of investigation at different

seales within agroccosyetens.

Much of systens analysis in ecology or agriculture relies on
the examination of saystems at different levels in
organisational hierarchies (Ruthenburg, 1920, Odum, 19231,
Hierarchy theory argues for the existence of emergent
properties at different levels of organisation {Allen and
Starr, 1982; O'Neill et al, 1986}. A& systems approach examines
phenomenological characterisgtics (or properties) iIin
populations and communitie=. Such properties are dependent on
the aggregate interaction of individual bhehaviour (¢f. Hassell

and May, 1985 for an ecologlcal discussion}. Exploring the
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1inkages hetween processes acting at different scales is thus
critical.

In a study of agroecosystems it is necessary to investigaete
processes at different levels of a hierarchy. This review
concentrates on landscape and patch level processes, exploring
the interactions, both ecological and ecénmmic, between them.

Ecclogical dynamics

The term stability has many meanings and interpretations. Here
the definition used in equilibrium analysis of ecological or
econonic systemz will be used. Stability, in this =sense,
relates to the ability of a system tTo recover from small
perturbations and return to a stable eguilibrium point
{neighbourhood =stability: May, 1973).

The theory of populaticon ecology has dwelt on the stability
analysis of model populations. In many instances, - the
. atabkility of the population is dependent on conditions of
spatial heterogeneity (eg. Hilborn, 1975; Beddington et al;
19758). These findings have encouraged further work con the

spatial use of a patchy environment and its- impact on

population dynamics (eg. chapters in Shorrocks and Swingland,
199Q),.

The realisation that the real world can represent patterns of
non-equilibrium dJdynamics where stability points are not
reached (or. only transitorily) has egually encouraged thought
about the role of s=patial heterogeneity and patch use (Levin,
1976; Wiens, 1976; De Angelis et al, 1985). De Angelis and
Waterhouse (198%7) contrast equilibrium and non- equilibrium
models and show, through theoretical modelling, that patch
dynamics may be critical understanding complex, hierarchically

organizsed, non-equilibrium ecosystems.

Ellis and Swift (1988) provide a case exanmple. They afgue that
pastoral populations  in Turkana district, Kenyva persist within
a hon-equilibrial dynamic regime and through the use of
resource patches at various scales; these increase in times of
drought.



Sustainability has been definsd as the ability of the system
teo maintain productivity over time in the face of large
digturbances, such as repeated stresses of large shocks
{Conway, 1287). Sustainability has been examined in
theoretical ecology in terms of population resilience or
global stability and in termg of population persistence.

Sustainability is seen to be closely related to spatial
heterogeneity. Model populations and some experimental tests
{eg. Huffaker, 1958) have demonstrated that populations have a
lower likelihood of extinction in a patchy enviromment. It is
necessary to ask: what is the scale and degres of
anvirommental patchiness reguired for long term population
persistence? In large vertebrates ranges reguired may be gquite
large (Beddington and May, 1281).

In a patchy environment, a metapopulation is able to sustain
itself through major =shocks and stresses, even if smaller
sub-populations become extinct. Because of the spatial-
heterogeneity of the environment, certain sub- populations are-.
more likely to survive the impact of major perturbations;..-
these c¢an subsequently recclconise the area (Pickett and White, ...
197%; May and Southwood, 1990).

Economic dynamios
Farmers and pastoralists allocate rescurces to different

investment options over time. In dryland environments,

investment under conditions of risk and uncertainty need to be
considered.

aAn investor has to choose how to allocate resources between
different sectors and over different time periods in order to
maximise wutility. Given the investor’s preference for returns
{for consumption and leisure), s/he has to decide the size and
time of resource allocation to different yielding assets. The
identification of the optlimal investment strateay is dependent
on knowledge about the availability of different investment
opportunities and thelr expected yield over time with deferent
levels of rescurce allocation. It is alsoc dependent on the

7



investor’s indifference preferences for different flows of
incoms over time (Upton, 1984}.

The achievement of an. optimal, stable investment strategy will
be dependent on variocus factors. The degree of knowledge about
different resources and their yields. Risk and uncertainty
surrounding benefit flows over time, and imperfections in
capital and other markets will all act to offset equilibrium
conditions (Arrow, 1971; Roumasset et al, 1979).

Portfolic wmodels try to take account of risk in investment
atrategies. The decigion to allocate resources to one asset
will be determined not only by the asset’s expected return and
ite wvariance but also by the correlation batwaen that asset’s
return and the return of on other assets held. Invegtors are
therefore expected te¢ build up a portfolic of assets with
non-covariate flowa of benefits (Markowitz, 1952).

This expectation can be applied to strategies within farming

aystams, where patches with different expscted yields and

variances are held together since their outputs are not

pracigsely correlgted. The sgustainability of _éconcmic

livelihoods may be dependent on the ability of the housshold
to invest in a succassful portfelio of assets.

Farmers with fields in different portiona of a catenal

seguence may be more able to survive major stresses and shocks

than those who are reliant on a single =ite (¢f., chapter 2).

Similarly, pastoralists who have been able to invest in a mix
of stock species may be more likely to survive drought
stresges in the long term (Mace, 1%89%). Survival chances of
pastoral herds and flocks increase 1f herders are able to

split them and use a wvariety of different fodder resourccs

through migration.

As with any other investment strategies options are
constrained by uncertainty and knowledge about the future., For
this reason a sequential strategy of ipvestment is usually
evolved (c¢f. chapter 2). Further constraints include

g



imperfections in markets. Individuals may not be able to
acquire land in different areas due to land  tenure
regtrictions, herds may remain small due te lack of access to
alternative income sources or credit for investment, lack of
labour within the household and an inadequate labour market
may also restrict options.

Howaver households may rely on wider social networks to ensure
sustainability. In most societies cooperative relationships
for Iabour investment, sharing of livestock resources and
cther social networks (the fmoral econocmy’ of community and/or
state) act to ensure the survival of individuals and
houssholds in the face of major shocks and stresses {(Watts,
1984).

This brief overview of theoretical issues 1llustrates that
spatial heterogeneity is increasingly being realised to be

inportant in interpreting the dynamies of ecological and

economic systems. In dryland agroecosystems, where the - -

praoperties of productivity, stability and sustainability are
20 dominated by variability imposed by the environment, and -
non—egquilibrium conditions often prevail, patchy resource use
may prove KkKey to a fuller understanding. The following
chapters, drawing on a series of case szstudies, attempts to
provide empirical support for this contention.

1.3. Variations in space: adapkting to diversity and
conplexity.

The heterogeneity of dryland landscapes means that resources
are avallable at different spatial scales. Adaptations to this
varlability are central to farmers’ and pastoralists’
strategies. At the field level, spatial wvariations in s=soil
type and water availability determine crop cheoices and
management strategies. At a8 wider scale different components
of the farming system landscape may offer different
potentials. Understanding adaptations to catenal wvariations
within farming systems is central. The contrast between

topland and bottomland resources will be an important theme
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of the subseguent discussions. Pastorzl systems may operate
over large scales! mobility allowing the expleoitation of a
wider range of rezsources. Movements up and down catenas,
between high production/cquality resources and more extensive
low walue resources act to inerease the productivity and
stability of the systenm.

1.4. Variations in time: coping with uncertainty

Just as resocurces are scattered spatially in dryland
landscapes, temporal wvariation is equally iwmportant to
consider. The highly wvariable productivity of extensive
topland areas may be offset by the relative stability of
production in bheottomland patchy resources, that, because of
higher wabter or nutrient availabkility may be able to offszet
the interannual variation of production of the rest of the
gystem. Exploitation of such resources may therefore be an
important component of agricultural and pastoral strategies.
for coping with rizk and uncertalnty.

Secular changes in the c¢limate may also inerease the role of
patchy resocurces in dryland agroecosystems. Long term declines
in rainfall result in the lowering of produckivity of topland
araeas, making botteomland production coritical. s resource
pressures increase, options for extensive use of topland areas
are reduced, again making intensified use of bottomland areas
vital. Trends of increased resource pressure and
environmental degradation mekes landscapes more . patchy,
requiring local adaptations to changing patterns of spatial
variation.

Seasonal wvariation within years may alsc offer opportunities
for the differential exploitation of different parts of the
landscape. Bottomland areas, the centres of dralnage channels,
may have sufficient water retained to allow dfy season
cultivation, or at least early planting to stagger production
ocutputs and lakbour reguiremesnts. These areas also may be the
site of important dry seascon grazing where animals can seek
green grass when the rest of the area is barren and dry.
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1.5. conflicts over key resources

Since certain parts of the landscape are wital to overall
productivity in partienlar years or particular seasohs, these
areas may become =sites of conflict over access and tenure
rights. cConflicts may be of varied types. There are those
between farmers with exclusive rights +to land, with =ome
farmers having the rescurces to acquire larger areas confining
others to cultivation in the less productive =Zones. Other
confliets arise because of different claims by different
users; for instance, the expansion of agriculture in the
bottomlands may undermine the ability of livestock ocuners to
manage their stock.

Chapter 4 explores the conflicts arising over patchy resource
ugse with a series of case studies. These emphasise the need to
investigate +the conseguences of ecological patterning in
dryland landscapes for the understanding of tenure relatiohs.
Different components of the landscape have different wvalues
for agriculture or grazing at different times. The strachture

cf tenure and commen property management systems invariably
relate to this patterning.

Conflicts over bhottomland resources may arise when land 1is
taken or affected by actors external to the system. The
removal of Key grazing land and its conversion to agricultural
use may undermine complex patterns of grazing management.
Similarly interference with water flows to hottomland areas
through damming or irrigation development may also
detrimentally affect bottomland producticon systems.

1.6. Economic value of patchy resources

In order to evaluate the importance of patchy resources within
wider agroecosystems fthe tools of environmental economics can
be employed. Chapter 6 explores a framework for valuation of
bottomland areas. Drawing on +the examples of case studles

presented in this report, +the complications involved in
effective valuation are outlined.
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An economic assessment allows understanding of the functional
role of patchy resources to be set in a wider policy context.
Economic assessments wmake explicit the trada-offs in policy
decigions.

1.7. Implications for agricaltural development

Some argue  that the way forward for dryland areas is to
concentrate on the development of production on the high
potential components of the landscape, ignoring the rest. This
approach to development would advocate the development of
waker resources for irrigation schemes, the settlement of the
pastoral population and the akandonment of dryland
agriculture. The past failures of this direction have shown
that this argument is misconstrued. It fails to recognise the
integrated nature of dryland farming systems; components are
linked across catenas with complementary production
actlvities ongoing in space and time. The ‘development’ of one
aspect without considering the impact on the whole system is
likely +*o fail since the mechanisms of adaptation to
variationsg in spage and time are disrupted. The argument of
this report is that a sustalnable form of agricultural
development requires an articulation with the patterns and
processes of existing systems, The impacts of any
Cintroductions of tenhnoiogy in one area therefore must be
assessed in terms of its asystemic impacts, including asking
guestions about equity - who wins? who loses?

Spatial wvariability alsc has implicationz for the form of
agricultural research and extension. This theme is explored in
some detail in chapter 7. Since farmer and pastoralist
adaptation is =0 closely linked to the expleitation of spatial
varlahility and the use of microenvironments within
landscapes, research and extension needs to be responsive to
thisg. Conventiocnal models often fail in this respect. The
replication of farming system variability within the confines
of a research station boundary is usually impossible and
sectoral and disciplinary specialisation means that different

12




research programmss ars focused on different conmponents of the
system without an understanding of the linkages. Sometimes key
components of the system, from a farmer’s or livestock owner’s
perspective are completely ignored. They may be too small in
size or only significant in thé context of a particular
temporal niche. Research directions tend o influence
extension mnodalities, with commodity based packages or
megsages being the main route for extension communication.
dgain these may migs important aspects of linkage and
interaction essential to the farmer or pastoralist.

13



2. PATCHES AND ACRICULTURAL SYSTEMS

The agricultural importance of hkottomland areas in dryland
agricultural systems has been long recognised. Bxpleoiting the
natural flow of water within landscapes and harvesting its
potential for crop production has been part of saystems of
production for centuries. The ancient systems of the HNegev
dazsert, for instance, have beén particularly well researched
{Bruins et al, 1986; Evanari et al, 1982). The management of
slopes and water, both surface and sub-surface flows has been
recognised farming practice in central America for a long time
{Wilken, 1%87). Spreading risks by farming different portions
of the landscape haz been part of agrilcultural strategies of

small scale farmers in the drylaﬁds gince agriculture began.

However the recognition of the importance of these strategies
has been lacking in the painstream thinking of agricultural
devalopment. The compartmentalisation of agricultural research
- according to disciplinary boundaries, the attempts to gain
productivity increases through standardised packages in
aniform environments and the lack of integration in
agricultural thinking has resulted in- the ignoring. of +the
potentials to be realised from expleiting existing complexity
and diversity of agroscosystems and the support of long
standing farmer strategies. ' _

This chapter will draw on the material prezented in the case
studies (Part 2} and elsewhere in the literature to ask the
guestion: why do farmers cultivate bottomland areas, and the
converse, why they do not? This will entail the exploration of
farmal strategies for using wvariations within catenas and

variations in recource availability over time.
2.}. Historical perspectives

Commentators on agricultural' practice in the various areas
covered by this review have noted the existence of bottomland
cultivation during the past century. For instance, Wilson

{1986,.1990} has examined the historical evidence for dambo

14
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cultivaticn in southern Zimbsbwe during the late nineteenth
century (see also Part 33. He quotes Thomas Leask, a traveller
who noted in 1897:

"The hills were surrounded by rice gardens. These rice
fields are in low swamp[y] places and, the better to hold
water, they are made in ridgez like a turnip field or beds
mich resembling a graveyard." {Leask in Wallis, 1954:
114).

S&imilarly, Karl Mauch, travelling in the same area in 1871,
obgerved "gardens..planted in swampy patches." (Burke, 1969;
131, quoted by Wilson, 1990).

Ernst Nadel, travelling in central Nigeria during the 1930s,
observed:

"The most important local speclalisation refer=s to marsh
land farming. The marsh land comprises only perhaps one
tenth or 1laess of the total land under cultivation. The
intensive cecuitivation however and the concentraticon on
certain specially wvaluable crops f(above all rice) make it
a most Iimportant factor in the productive system of the
country."™ [(Nadel, 1942: 205)

These are the fadamas of northern Higeria which have retained
thelr importance to the present (see Part 3). Again during
the 19302, Trapn=1ll, during his study of the agriculturai
ecology of NE Zambia, observed:
"The opportunities for cultivation offered by the_better
humic dambo soils are by no means completely utilised in
many areas. They are of great value az sources of food in
the hunger months before the small maize harvest of the
ordinary gardens and offer much scope for the increased

production of vegetabkles and cther supplenentary
foodstuffs (Trapnell, 1952: 107).

The dambos of Zambia have continued to be exploited and remain
an important part of the farming system in many parts of the
country (see Part 33).

These wvarious historical accounts suggest that bottomland
cultivation has a lonag continuity in many areas. But it must
be asked: why it is important? Under what conditions does 1t
incr=ase or decrease? These will be the questions to be
addressed in the following zections.

15



2.2. cCatenal farming systems

Early ecolegists who described tropical savanna landscapes in
africa focused on the catenal variation observed, describing
the transition in wvegetation communities from topland areas
downélope te bottomland resources and drainage channels
(Morison et al, 1948; Milne 1935). This is the variation that
users of the landscape must adapt to. However agricultural
specialisation ha=s acted taoa break up the landscape, to
.compartmentalise it and allocate each part to disciplinary
specialists. The dryland agronomist studying millet farming on
the toplands may not interact with the »rice specialist
concentrating on swanmp rice in the lowlands. Yet it may be the
same farmer who has plots in both areas.

Paul Richards (1985, 1988) has provided a lucid account of the
interaction of components in a catenal farming system in
‘Sierra Leone, where farmerse offset environmental uncertainty
and labour bottlenecks by farming across slopes using both
wetland and dfyland rice (see Box 2.l).



Box 2.1: Catenal farming systems - using slopes to offset risk

The case material for this example falls outside the bounds of
the dryland areas of Africa set for this review. It is derived
froem a study of the Mende farming systems of the high rainfall
areast of central Sierra Lecohe. The reason for including this
case is to demonstrate that the principles of catenal farming
system adaptation are widely applicable. Many of the case
studies used in this report demonstrate similar themes.
Richards (1990) provides a comparisgon with the case of
northern Nigeria (see Part 3), where similar catenal farming
patterns are observed.

Richards (1987:8-92) explains how farmers make use of different

s0il types in different parts of catenary sequences near the
viliage:

"Farmers in Mogbuama have a choice of two Lypes of
catenary sequence. Land to the east of the village
belongs, ogeologically, to the escarpment zone. Here a
catenary seguence runs from free draining gravelly upland
soils to sandy lower =slope solils and seasonally
waterlogged damp soils in valley bottoms. Land to the west
of the village comprises a c¢onplex series of river
terraces and riverine flood plains a* the foot of the
escarpmant. ¥

Having miltiple land holdings in different parts of the catena™

requires there to be a range of rice varieties to fit each .
niche:

A suite of rices - one or two quick vielding wvarieties
adapted to moisture retentive soils on the lower portion
of the wvalley slope, two or three medium duration
varieties suitable for intercropping on upper slopes, and
one or two flood tolerant varieties capable of growlng in
valley swamps with a minimum of supervision.®

Villagers need to combine different rice varieties, suited to
different parts of the landscape and to the seasonal variation
in labour supply. By planting a catenary farm, labour
reguirements are spread and it is possible to be responsive to
climatie contingency by adjusting the mix of different types
of rice variety on different parts of the toposzequence.

Understanding this local system of production explains why
farmers resist development agency efforts to encourage swamp
rice {(exclusively} or switch to ‘improved’ dryland rice
varieties. It is the mix - both spatial and temporal - that is
important for survival.

[Sources: Richards, 1985; 1986; 1987; L%90]
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Understanding complexity

Eey components of gatenal farming systems may go unnoticed if
the biases of conventional disciplinary and commodity based
research prevail. One example comes from highland Ethiopia
where the use of the microsnvironment created by gully damming
for intensive crop production had been ignored by the research
and extension services of the area (ERCS/IIED, 1988). Only
when the full catenal transect from hilltop to valley bottom
was described was the sighnificance of this practice revealed.
The research was then able to ask questlonsg about how this
production activity fitted into the whole aystem in terms cof
cutput, crop typess, labour inputs eto.

Land-use planning approaches may also fail to grasp tha
importance of patches within landscapes. They may be too small
to spot on an aerial photeograph or satellite image, they may
be wvisible but not mapped at the scale of resclution chosen,
or they may be mapped but their functional, econonmic
significance not reslised in the land-use planning exercise.
An example is recounted from Zambla (Chambers et al, 1989:
32}, where a land-use planning team falled to map the dambo-
valley bottomlands in their expensive, regource intensive
mapping exercise, thus eliminating from consideration aone of
the key components of the farming system.

Micro-level expleoitation of spatial wvariation is central to
farmer strategiezs for the use of bottomland environments.
Conventional farm and land-use planning often does not
acknowledge the importance of wmicro-variation and ifs
management. ﬁn. ecological survey 1in  Zfambia noted the
occcurrence of numercus local variations and "finer shades of
difference" in the catenary seguence, but ignored them because
it was tThought they did not have "very great agricultural
significance" (Priestley and Greening, 1954, guoted by
Dalal—-Clayton, 1988: 95). '

Degpite the high potential productivity of diver=ze and complex
cropping systems, conventional land sultability assessments
rate dambes as low or unsuitable for agriculture in koth
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Zanbia (Dalal-Clayton, 1980} and Zimbabwe (Ivy, 1921). The

historical reasons for this are examined in Part 3. & major
reason 1is that the expleitation of spatially wariable
environments 1is problematic for commercial agriculture
operating with uniform methods over large areas. Dalal-Clayton
{12B0:122) notes:

*Danbo and dambo margin scils benefiting from subsurface

seepage can be used for small-scale maize production, but
are generally unsuited for commercial production.”

A research precccupation with commercial sgystemns of
agriculture hags therefore acted to undermine the realisation
of the potential of adaptive exploitation of patchy resources
for agriculture. This biaz iz then refiected in langd
guitability eriteria and in land use planning recommendations.

Many further examples ‘where conventional modes of
investigation have failed to notice or analyse the interaction
between different components of catenal systems could be
cited. However these few are sufficient to make the simplé
point that an integrated view of agroecosystemns is necessary
to capture the spatial and temporal variszbility and use
strategies of farmers and pastoralists in these areas. A more
detailed discussion of the inplications for research and
axtension methodologies will be reserved for chapter 8 at the
end of this report. -

Exploiting spatial variation
The general argument for exploitation of the variation across
slopes has been made in the previous section. Here a number of
specific case exanmples can be given.

Ban fond systems in Burkina Faso

Figure 2.1 shows a transect of the wvillage of Bidi in the
Yatenga region. It illustrates the spatial distribution of
usa, from mountain hunting, to extensive cultivation of millet
on the poor, degraded . soils of the uplands to dryland cropping
around the wviilage (including sorghum) teo bottomland
cultivation combining maize, sorghum and vegetable gardening.
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Transect diagrams

Figure 2.i: Sahelian basz fond

f from Raunet,

Figure 2.2: Perched dambo in
Zimbabwe {from ZWP,1989) L

Figure 2.3%

{from Pricr,
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Berton (1988) describes how changes in catenal use have
occurred in the past decades. During the wetter period up to
the 19702 and when pnpulat&én“denéities were relatively low,
extensive rainfed cultivation was sufficient for food in hoth
good and bad years. Relative land abundance made forms of
shifting cultivation feasible; the bas fonds were generally
avoided as =sites for cultivation as the effort involved was
too large. Under these conditions the bas fonds were left for
animal grazing (plus wood, fruit, water ceollection). However
since the 12702, bas fonds have incoreasingly been cultivated
with maize, sorghum, rice and market garden vegetables. A=
populations have Iincreased and rainfall declined (since the
mid-1960s, Farmer, 1987), cultivators have moved down the

catena to exploit the more productive and more atable
resourca.

Dugug (1989) also comments on this catenal shift following the
droughts of 158973 and 1984. However he emphasises that farmers
retain a wvariety of pleotz, thus spreading their risks across
the landscape. 5tudies show that the average production of
sorghum in the bas fonds is about double that of millet on the
sandy toplands, although the labour input needed is also about
double. However the risks of a poor harvest exist in both
systems - in good years in the bas fonds due to flooding and
in drought years on the millet farming topland areas. The bas
fonds areas are thus retained as they can provide at least
gsome food in dry years (Dugué, 198%: 121}.

o _sysh j j =3
Figure 2.2 shows a similar transect from topland +to
bottomland. Spatial separation of cropping system= 1is again

apparent, with differences in water availability and =oil
fertility affecting choice of site.

Thi=z is an example of a ‘perched dambof typicai of the
granitic hill areas of the central-south of the country. The
water table rises at mid—=lope and comez o the surface when a

gsubsurface clay layer blocks the flow of water down glape (see
Part 2).
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pifferent zones within the dambo catena are observed. The main
watershed consists of dry woodland on sandy soils. The dambo
margin alsc has sandy soils, but increased c¢lay content is
observed in the dambo centre. Different degrees of water
avallability are alsoc observed along the toposeguence. The
interaction of =o0ll type and water avallability affect the

patterns of use, resulting in distincet zonation of use
patterns.

Damb in % ia

The transect diagram shown in Pigure 2.3 shows a similar
spatial patterning of rescurces. In this aaée, rainfall
incidence is higher, making the central dambo area permanently
swamp like. Major areas of cultivation are thus on the dambo

margin wheare gardens are placed.

Different authors use different classifications to describe
spatial zonation within bottomland areas. Four examples from
southern Africa are 1illustrative of different zonation
categories down a toposeguence (Table 2.1}:

Pahle 2.1. Classification of zoees in dambo aress

Acres et al Mackel | b128) Priot -
1985 1874 1287 1383

Gateral Famlyia Zirbalres high Zambla
ﬁm¢51Wﬂgin Upper washbelt Dambo margin Upper grassland
Danbe floor Lower wastbelt Upper danbo Secpage zZone
Darbey botton Seepage belt Lower dambo Lower grasslargd
Central swamg Dry danbo bottom Cartral swems

Zonation will be dependant on local conditions. In some dambos
the central area is occupled by a swampy zone, in others the
dambeo bottem is relatively dry. In some dambos the seepage
zone 1s wide, in others it may be narrow.
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Ferreira (1876, 1977) makes recommendations for cropping in

Zamblan dambos (Table 2.27.

Table 2.2. Cropping recommendatiocns for Zambia dambos

Zane

Cropping potential

Londetia grassland fringe

Seppage Zone UPpPer margin

Seepage zone central

Drier zone

HNo cnltivation

Vegetables reguiring
lighter =o0ils

Vegatables, maize, rice

Wheat

Swanp area Rice

For Zimbabwe, DRU (19%7: 143) take a more ‘congservative
appreach. They recommend cultivation restricted to the uﬁﬁér
-dambc'zone, advocating that the wash zone dambo margin, the
seasonally wet lower dambo and the dambo bottom should not” be
cultivated {sse chapter &}.

2.3. Farming within patches
Local level wariation means there is no truly ‘typical’
gystem. Farmer adaptation to spatial differences at the f£i=ld
level is Key, a= noted in an scological study of dambo aystems
in Zambia during the 1930s:
PEvery variation of soil is followed out in the making of
these gardens, with a precision of land selection of which

only an outline is here possible." (Trapnell and Clothier,
1957: 41).

Dambo gardens are the site for the potential cultivation of a
range of crops. For instance, Trapnell and Clothier (1957)
note that over 100 crop types are found in dambo gardens.
Choice of scil types, managemsnt of sScil slope and water
availability through ridging and mounding make full use of
spatial variations in agronomic potential.
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Case study: managing field level wariation
An example from %imbabwe illustrates the field level
ex¥ploitation of spatial wvariation for cropping in & dambo.
This rase study illustrates how the exploitation of a dambo
area requires fine-tuned management of water flows, slopes,
field surfaces, soll fertility, space, nicroenvironments and
temporal varliations.

The management. practices detailed here for one 2.5 ha farm in
dryland Zimbabwe (average rainfall: 570 nmm) are replicated
many, many times in similar bottomland cultivation systens
across Africa {and the rest of the world - see Wilken (1987)
for a detailed exposition of the fine-tuning of small scale
farmers in central Americal.

A sinple map of the farm area, as it was found in the cropping

seascon of 1988/%, is given in Figure 2.4. This was drawn with
the assistance of the farmer, Z. Phiri Maseko
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Figure 2.4: Dambo farm in southern Zimbabwe {2.5ha)
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Box 2.2: Managing dambo agriculture in Zimbabwe

Water flow mapagement. The main dambo drainage line runs along
the right hand side of the plot (as illustrated in Figure
2.4). Water flows from the top to the bottom of the diagram
from the small granitlic catchment area towards the area which
iz allocated as grazing land.

Water storage is enhanced with the construction of a pond in
the upper portlon of the dambo. This retains water through
most of the dry season, with slow seepade extending the pericd
of wetness in the areas below and adjacent to the pond. Water
retention is enhanced by the planting of Kikuyn grass above
the pond, reducing siltaticn and increasing surface flow waher
harvesting.

The availability of pond water in the late rainy season and
through the dry season opens up opportunities for irrigation.
A pump is used to irrigate into small canals that supply water
to the drier soils away from the central dambe. A series of
wells sited within the danbo area are also used for irrigation
as well as suppnlies of Arinking water throughout the year.

Slopa and field surface management. In addition to the use of
the catenal differences in water avalilability, manipulation of
glopes through the construction of s¢il bunds, earth dam walls
and ridges agsists in the soil and water management  of the
farm. Bunds are constructed along the contour in each of. the
field plots to help =s0il censervation. Contour bunds: atse
provide suitable environments for tree planting and +tha
positioning of canals for irrigation. The dam wall that holds
the water in the pond area is made from clays excavated from
the dambo area. This effectively retains water upslope, while
8till allowing percelation to areas below. In the wetter areas
below the pond, ridging is used to raise soil above
waterlogged areas, thus allowing an intercropping syztem of
rice in the troughs and maize on the ridges.

Soil management. Differences in the soil gualities in the
farm area allow micro-level exploitation of spatial wariation.
In the dambo area, heavier soils with high nutrient and
organic matter content exist. These s0llz retain water due to
low infiltration rates and provide the best location for
croppling, particularly in dry years. High density maize is
planted in these areas; in some years z& double crop i=s reaped.
Vegetable gardens cultivated during the dry season are alsco
gituated in this part of the farm. In these areas limited
Fertility inputs are required, although a rotation of manhure
and fertilizer supplements is desired. Further away from the
central dambo the drier so0ils have a lower mmutrient and
organic matter content. The sandy topland scils therefore are
suited to different types of erops (eg groundnuts, sorghun,
millet). However maize may alsc be planted, especially if
rainy season supplementary irrigation is pessible. In these
areas extra fertilisation is required teo obtain reasonablea
yvields. In many vyears additions of mnmanure and inorganic
fertiliser 1= concentrataed here.




Space management. With only 2.5 ha of land, an intense use of
space 1s required to maximise output from such a diverse and
complex environment. Within  this area during the cropping
seascn of 1988-9, 23 differént cérop species, 26 different tree
species plus bees, fish, reeds and grass fodder were
identified as harvested for different purposes. The
identification and creation of micro-variations in space are
vital to ensure the maintenance of such diversity in the
production hase. Variations in soil and water availability
have already been discussed to explailin the distribution of the
major grain crops. Within these plots a variety of curcurkits,
beans and root crops are intercropped. The contour ridges are
used as sites for £ruit tree planting and fodder grass
management. Crop spacing can ke manipulated in relation to
specific conditions. Dense maire stands are found in areas
with high water and nutrient availability {in the danbo
gentre), while crop spacing is wider in other areas.

Microenvironment use and creation. Termitaria are familiar
features of the drier poritions of dambos (Acres et al, 192858).
Termitaria provide a particular micreenvirenment, with higher
c¢lay content and good dralinage. Termitaria are the site of
certain vegetation associations. Important fruit tree species
(eg Berchemia discolor) are found at such sites.

Litter fall from danmbo tree species {(eg Ficus spp.) act to
inpose ancother level of spatial variation. Leaf litter acts to
increage ordganic matter content and the pattern of nutrient
availability in the surrounding seil. The groves of bananas
planted In the dambo create a particular micro-climate
suitable for the Xeeping of bees; a number of hives “are
situated in these groves. The micro-environments created. hy
the bkanana plants alsc provide a good site for small fruit
tree nurseries,

Spatial wvariation imposad by such factors as termitaria or
large tree=s can in turn be manipulated. Termitaria are_dug up
and distributed to particular areas in the dambo field to
improve soll properties. Leaf litter =similarly can may be
collected and distributed.

Temporal wariations in spatial use. Seasonal and interannual
variations in water availability result in adjustments to the
spatial patterning illustrated in Figure 2.4. Dry season uze
iz concentrated in the wetter areas, with increases in
vegetable gardening. In drier years there is less sequential
cropping, less rice and less malze planted in the topland
areas, due to lack of irrigation water. In wetter vyears,
waterlogging may occur in some parts of the farm, either
raquiring additicnal field surface and water flow management
or the abandonment of that area until later in the year. The
amount of so0il molisture available will also affect the
strategies towards soll fertility management in different
parts of the farm. For instance, in drier years investment in
801} improvement in the topland areas may not pay off, while
in wetter years the incremental gains may be =significant.
Howsver without prior knowledge of the type of season risks
and returns are traded off both at the beginning of the seaszon
and during the sequential management of the farm system a=z the
season unfolds (see below).



2.4. ooutput diversification and commercialisation

Dryland vegetable .and other high valus crops are an important
feature of bottomland agriculture. The emergence of narket
gardening enterprises arcund urban and market centres 1s a
common trend.

Vegetable cultivation on the fadamas of northern Nigeria has
been a feature of the economy for a long time. Nadel described
the specialised fadama farming system ‘aimed at marketing and
exchanga’ during the 1%30s.-A close interacticn between inland
farms, home gardens and fadama plots was observed. The inland
farms inveolved a complex shifting rotation including
maniring, c<learing and burning. The home gardanz lowsr down
the slope were not rotated, but the application of household
refuse helped to maintain fertility. On the fadama plots
cultivation was posgible for ten or more years with
alternating root crops (cassava/sweet potato) end rice or.
maize. Some farmers had sugar cane plots, onions and exotic

maize.

The fadama system of cultivation has become increasingly
commercialised. Hill (1972) commented:
"The availability of fertile fadama land is apt teoc be a
variable of great si¢gnificance in rural Hausaland and

population densities in some locations... are closely
related to this. "

Tarner {1287: 15%) notes +the regional concentration of
different cash crops according to markei/transport access and
land suitability. Close to the urban centres of Kane, Zaria
and Kadupa intensive cultivation of vegetable crops is
practised. In areas c¢lose to the towns perishable crops such
as lettuce, cabbage and peas can be Jdrown. Further away,
onions, tomstoes, peppers and ckra are grown. These may either
be locally consumsd or transported to markets. Particular
areas also develop speciality crops: some areas grow mostly
sugar cane, others primarily yams or potatoes. This
specialisation may be linked both o the suitability of the
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land {ie sugar cane is grown only in perennial fadamas) and in
relation to linkages +that have historically developed with
particular markets. '

A similar pattern is observed in other areas where bottomland
cultivation 1s important. <Concentration of commergial
vegetable growing in dambos in the communal areas surrounding
Harare 1in Zimbabwe has been noted (DRU, 1987). Peri-urban
cultivation is alsc increasingly important {Mazambani 1987),
although illegal. DRU (1987) comment on changes in levels of
commerclialisation:
"The success of commercial marketing close to Harare has
encouraged a small minority of households in Chizengeni to
concentrate on their dambe garden at the expense of the
dry fields. In the case of one farmer all his purchased
inputs were confined to his garden.... The potential for
local marketing iz reflected in the enterprise of one
farmer who cultivated crops mainly from selling in bkoth

wet and dry seasons and earned at least 22000 in the year
of study." (DRU, 198%: 56-7)

& wvariety of different gardening strategies are observed_iﬁ
the case studies documented by DRU. Some households plantiﬁ
wide varlety of vegetables {(c. 7 types), others concentrate on
only a couple. Some are able to stagger harvesting and so
spread income over the year, others gain their income at
particular times: therefore some are able to take advantage oF

seasonal fluctuaticns in vegetable price. T

Trapnell (1983: 886) noted the increasing commercialisation of
dambc gardening around Feort Jameson [Chipata) dﬁring the
mid-19830s. Twenty years later, Priestley and Greening (19563
18) comment: . !

"Today dimba cultivation has an important niche in the
Ngoni economy. The sale of vegetables in Fort Jameson and
elsewhere is a most important source of ready cash... the
hard working dimba owner can make from £30 to £40 a year

from sale of produce, besides growing his own vegetable
requirements . v

Thixty years on, Turner (1986) reports that dambo cultivation
is most common in Zambia adjacent to towns.
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In most instances, bottomland cultivation i1is a - secondary
activity to the major agricultural pursuit of dryland topland
farming (Turner, 1986). However bottomland production remains
part of an integrated system which, with increased resource
pressures and increased opportunities for commercialised
market gardening, are hecoming a focus for heightened activity
in many areas.

2.5. Seasonal cropping and labour patterns

Seagonal variations in moisture awvallability are the key o
undersatanding the use of bhottomland aress for cultivation.
Again_an understanding of temporal use is best grasped by an
integrated analysis of the comparative dynamics of topland and
bottomland areas.

Dambhost in Zamhisg

Priestley and CGreening (1954: 173} describe the agricultural
system of the RKRgonl. Main fields, forming part of a bush
fallow =ystem, provide the bulk of focdstafis, bul. cother
smaller gardens, including the dimba gardens on the dambo
areas are also important, particularly when viewed in a
geasonal context, as they provide food and potential income at
key times of year. The seasonal cycle of cultivation in the
dambo gardens is described: ) -

"Phe planting season begins in September. Maize 1s planted
and when it germinates ies artificially watered by hand,
until the rains, from a waterhole dug within the dimba
fence. A number of wvegetables may alse be interplanted. By
the end of December the malze has reached the caob stage
and is picked and eaten green or sold as ‘green mealies’
in Fort Jameson, along with the interplanted vegetables.
Whatever maize is not saten green is left to ripen in the
ordinary way and harvested in March together with the
remainder of the vegetables. The garden is then cleaned
up, kraal manure is applied and an entirely fresh
sequence of vegetables are planted. They are again
artificlally watered whenever necessary throughout the dry
season ang are picked continueusly until 1t is time to
plant maize again...This rotation is continued year after
yvear without a break."

The dimba gardens therefore provide a distinct type of output
at a particular time of year. Dambo cultivation thus acts to
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increase the diversity of productive output, offsetting risks
by adding tc the ‘portfolio’ of activitiea. It alzo spreads

labour inputs te agriculture - reducing the problems of
seasonal botilenacks.

Fadamag in northern Nigerig

In nerthern Nigeria the harvesting of upland crops takes place
in the early dry season. Following this there is a pericd of
four to five months when there is limited agriculture related
work in the upland farms. This labour may be redeploved to
work in the fadama farms during this dry season period; others
may engage in craft activities or other off-farm income work.
The impact of fadama cropping on seascnal labour regquirements
iz shown in Figure 2.5.

Turner (1984:156) discusses the patterns of labour in
upland-fadama farming. The main peak of labour requirements is
during July when weeding on the upland farms occurs. This
period is the major production bottlensck, as aven those with
means find it difficult to find hired labourers. The presehce
of a fadama area extends agricultural labour reguirements :into
the dry season. During this periocd hiring of labour is
pessible to compensate for any shortages. If fadama cropping
is increased with irrigation from a perennial water supply
this acts to even out the labkour requirements througheut the
year if a late dry seascon irrigated crop {(January - April)
follows on from an early dry season planting (September).

In other systems, topland and bottomland labour inputs are not
so seasonally differentiated. When the hottomland arsas are
not flooded throughout the wet season there iz a potential for
cultivation during the same pericd when dry field cropping is
concentrated. This may result in =& dsegree of competition
between the two activities. Thiz may be amelicrated by
adepting different sequencing of activities in the differant
areas throughout the season. Labour hire, intrahousehold
divizion of tasks, or labour saving technoelegies may help to
offset labour bottlenecks.
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Figure 2.51 Labour patterns in upland and fadama farms in
nurthern_ulgerla (from Turner, 1984}

Fiqure 2.6: Sequential activities in upland
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Figure 2.7t Decision tree: use of bottomland and topland areas
in western Sudan
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Even under conditions where bottomland agriculture is
concentrated in the dry seaszon, this does not mean that this
is uncompetitive with other activities. The dry season ig not
a time of complete rest. A wvariety of income earning
activities (ed. seasonal labour migration, craft work, beer
brewing), agricultural €functions (harvest preparaticn,
marketing, land preparation, granary/fence building and
repair) and important social functions may be conecentrated in
this season.

The implications of increasing bottomland cultivation on
gender divisions of labour remain wancertain and 1little
researched. It will clearly differ between different areas. In
gouthern Africa, dry season gardening activities tend to be
dominated by women. An increase in dambo cultivation and use
in the dry seasch may imply increased lahour for women, but
potentialiy also an increased level of direct income.

2.6. Exploiting interannual variation

Dryland farming wust adjust to different types of interannual:
variation. First, is the high level of wariahility in rainfall.
betwaen years. With coefficients of variation increasing with
increasing aridity (Hudson, 1987), the drylands of Africa are
typified by highly wvariable levels of rainfall. _
Second, are longer term secular changes in rainfall levels.
These may be in the form of climatic cycles as found in parts
of southern Africa  (Tyscn, 1986) or longer term trends in
rainfall decliine, as found in nost of the Sudano-Sahelian
region since the mid-19s60s (IUCHN, 1989).

Superimposed upon +thegse wvariations are trends in rainfall

effectiveness for crop production mediated by soil structure
and fertility.
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Turner {(19277: 37) commenting oh the role of fadamas, points
out that:

"Tn years of drought the fadamas assume an even greater
importance than in normal years, since crops such as maize
and guinsga corn, which fail on the upland, may makture in
the fademas, and plenty can be intensified in the fadamas
after it becomes clear that the upland crops will be
poor..."

Sequential adjustmenit in farming strategies

The exploitation of temporal variations and the role of
hottomland needs to be understocd in the context of series of
farning decisicns made as a seascon unfolds. Watts (1287: 181)
describes farming behaviour as "sequential adjustments {or
response strategies) to time honoured adaptations.™ It is
these adjustments that are critical to understanding the
success (or failure) of peasant farming. Watts (1987: 181)
describes the sequence of activities carried cut on cne upland
field in EKailta village, northern HNigeria during 1978 (Figure
2.6).

The sctivities described for the upland field will inevitably
affect the patierns of production in any fadama field
cultivated by the s=ame household. As increased labour iz
invested in upland cultivation at particular times of year,
less is available for alternative activities. If crops look
like failing in the upland area, more time may be invested in
fadama cultivation. 2 whole range of permutations are
possible, depending on how farmers respond to the unfoldinq of
the =seaszon.

The practice of intercropping within fields or combining
different field types 1In different parts of the catena are
inseparable from the sequential patterns of farm management,
gince the wvarious combinations emerge through decisions made
&2 the season unfolds (of Wakts, 1883, 1987: 182). For this
reason there is no fixed state plan in space that can act as a
regponge to  temporal variability, rather an unfolding
fperformance’” {Richards, 1989).
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"What matters to the Hausa farmer is sequential adjustment
te unpredictable condition=s. It iz important not to
confuse spatial and temperal logic - not to conflate plan

and performance." {Richards, 1989: 40)

Coping with variability: a case study from Darfur, Sudan
This case study examines the changing role of wadis in
relation to different types of temporal change:

- Interannual wvariation and coping with poor rainfall years
- Secular changes and declining rainfall

- Seasonal change and sequential farming strategies

Wadis are dry river channels that dissect the semi-arid
landscape. The interfluves are the “‘goz’ areas, which vary
from wvast sand sheets to heavy clays. Generally, the goz lands
are pandy with poor soil. Crop production is low and certain.

Barbour (19250: 105} comments on the agricultural system
associated with wadi Azum in Darfur: '
Nhe greaﬁer part of thi=s country.. iz a land of scanty
water supplies, uncertaln crops and semi-nomadic cattle

owners. Along the wadis of Darfur a far more settled: and
prosperous existence is possible.®

He notes how sorghum is grown along the edge of the wadi and
amongst A. albida groves, while winter crops of scrghum,
fruits and tobacco are grown in the wadi itself. The aryland
surrounding the wadl is reserved largely for millet, although
graouthdnuts are found growing in sandy land near the wadi edge.
The integrated nature of the agroecosystem iz commented upon
{Barbour, 1850: 118):

#oince different types of land are put to different uses,
villagers possess several plots.”

Declining production levels in the goz areas has bheen
documented by many authors for western Sudan (eq.
Ibrahim,1984, ahlchrona, 1988) and has been attributed to
varicus causes (FNY. The statistice are dramatic and are

iliustrated in Figure 2.7.
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With declining grain production per unit area and increasing
size of population tc feed a number of strategies have been
adopted to cope. Here I will concentrate on the switch to wadi
farming.

De Waal (1989) notes the increaszing use of wadi land following
the drought of 1%84-5. With the failure o©f the topland goz
fields over a =eries of years, the wadis provided the only
source for producticon. Behnke (1985:6) comments:

"During the last three drought years farmers... have been

moving down off the interfluves onte more reliable,
floocded wadi bottom fields.V

Such changes have been ongoing for a number of years. Martin
{(1986:29) reports a comment made by the Sheikh of Haara that
sumns up the changing responses:

"In the past if someone suggested cultivating rainfed

crops in the wadli the people would say ‘no’. The wadl has
niila (C_Dactyion) and needs too much weeding. Since the

rainfall - has declined  and the tartura soils dry- out "we- -

turned toc the wadi, and we remove the njita. It i=s
possible with weeding to get 18 sacks from one mukhama {c.
0.5ha) if the rainfall was good and. you really weaded."

Despite the increased labour requirements of wadi farming, the
investment of  fawmily labour in production frem the most
fertile and least risky areas of the wadi alluvium is an
increasingly favourable option as yields from the gdz land
continue to decline with decreasing rainfall.

Estimates of crop returns from goz sands and wadi alluvium
have been made hy a number of studies in the Kebkabyia reglon.
If 1983 i= compared with 1984 and 1988 (ie low rainfall,
drought, good ralnfalll a mumber of patterns are clear. Table
2.3 conbines the data.

Je




Table 2.3: Production of goz and wadi areas: interanmmal

variations {1983-4 data: Martin, 1985:; 1988 data:
AP, 1988).

1 mkh = ¢, 0.5ha.

Year Rain GOz Wadi Wadi /Goz
Eg/mkh Kg/mkh ratio

19832 Poor 24 159 1.2

1584 V. poor 24 a0 3.75

1288 Good 360-630 630-1350 1.75-2,14

Increased local interest in wadi farming in some parts of RH.
Darfur has resulted in a number of technological changes in

the area. A shift in environment has resulted in a shift in

the part of the landscape used, leading to a changed demand
and incentive for technological development.

Box 2.2: Farming system adaptation to environmental change;

High demand for camel ploughs and plcuqhing'*technofbgy :
that can deal with the heavy alluvial =ocils.

Demand for irrigation and pumping technologies to expand
production of wadi farms into the dry seascon. Markets and
asgocilated service provision has developed in key wadi
farming areas. :

Interest in different crop types. For instance, wheat has
gpread rapidly in some areas with the expansion of dry
season irrigation on small wadi farms.

Experimentation with differant water harvesting and
spreading systems.

Market development for vegetables and fruits, resulting in
requirements for transport, storage and processing.

[Sources: discussions with APU staff, MANR cofficials, and
farmers in N Darfur, February 1290; Curtis and Scoones, 1990)]
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The increased demand for wadl land. has been associated with
changes in tenure control and increases in land prices. The
price of wadl alluvium land has increased in Kebkabylia area in
N Darfur from LS8 2b/feddan in +the early 1970z to over
L5100 /feddan in the mid~1980s (Martin, 1985). Prices of up to
LSEQQC were noted in the same area during 1990 (pers. obs.).

High value flooded alluvial land is part of a private property
market with an established system of individual tenure.
Fencing, land sales and hiring systems reinforece this.
ownership of alluvial =soils appears to be related to length of
residence in the area; more recent inmigrants are thus
excluded from access unless they can hire or buy land.
However leasing tends to operate through kin networks making
it gifficult for immigrants to gain adceéﬁ by this route
{Martin, 1985:18). Wealthy merchants in Darfur have been able
to appropriate quite large areas for the irrigated production
of +wvegetables and other marketed crops, Yimiting the
opportunities for other resource poor farmers, This has also
been refliected in the increasing trend towards enclosure of
wadi land for grazing (see Chapter 4).

Az in other areas where increasing population densities,
reduced fertility of topland soils and long term reductions in
rainfall have conbined, there has been a shift in agricultural
concentration to the high potential patches in the landscapsa.
This has set up new tensions in terms of resource control,
access and temire and new reguirements for agricultural.
management practice.

The use of wadi land 1s seen as part of an integrated strateqy
for coping with variability. Switches to wadi use or different
crﬁp combinations are part of a seguential set of astrategies
that evolve over a season. Key indicators are used to judge
such switches. Tbrahim (1984: 62) desgribes the traditional
climatoclogical calendar for Darfur. The growth period is
divided Iinto eight short pericods of 13 days each. The key
indicator of the future season’s performance is based on the
mid-July pearicd [2d Alray. If thisz is dry, then peaople cbserve
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the following period (en natra) carefully. If this iz also dry
ten people prepare for a& yvear of hunger, switching to wadi use
(if possible) or to droughit resistant crop mixes.
N"crops planted in wadl sollsg depend on the =uccess of
cropping on the goz. If crops estalylizsh well on the goz
the wadis are planted to predominantly vegetable crops (in
the late rains). If goz cropping for grains fails, the

production ©f grain, primarily sorghuwm, on wadi =oils
assumes greater inmportance." (APU, 1587:32).

For those willages with less access to alluvial wadi land
there is often oheerved a switch to increased intercropping
with the failure of geoz millets and sorghums. The
interplanting of melons or other short seascon millet varieties
has been noted ag a strategy in Darfur (APU, 1987: 54)

The use of wadi Jland therefore can be =een as part of a
sequential risk management strategy. Variations in lavels of
use and types of crops.planted can be seen in terms.of hoth
the overall level of rainfall (in a particular year an@_in

previous years) and lis seascnal patterning.

Figure 2.7 provides a hypothetical decision tree of sequenﬁial
decisions made over a season, with outcomes dependent on
whether rainfall at three different stages of the season is
‘good? or ‘bad’. The diagram shows how bottomland cultivation
and intercropping is likely to increase under conditions of
1oﬁer rainfall. The axact patterns will be determined by a
range of factors, including the patterning of rainfall events,
Decizions to allocate Jabour to top ve bottomland will
cbhviocusly be affected by a range of other factors in additicon
to rainfall. For inzstance, the existence of large household
stores may encourage szles of grain early in the season if the
crops look likely to be good. Large stores available may
increase the likelihood of opting for a more risky topland
farming strategy (in terms of crop choice, investments in
intercropping etc} and not opting for the labour intensive
opticon of bottomland farming, even 1f rainfall iz poor.
Trade-offs in decision—making arve complex and relate to a
range of factors.
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2.7. Trade—-offs in decision-making: Farming bottomland areas
in northern Nigeria

Thiz section explores the factors that trade-off in the
decisions to cultivate or not the fadama lands found in
northern Nigeria. The themes illustrated by the studles guoted
in thie review are replicated in cother areas where =similar

decisions between topland and botiomland use apply (see Part
3).

Labour and effort
The heavy solls and complexities of water and soil management
in fadama areas requires an intensity -of labour input that
exceeds the requirements. of topland areas. Under conditions of
extengive land availability of topland areas and/or relatively
good rainfall, it may not be worth the extra investment In
cultivating the bottomland. Several studies note this for the
cage of fadamas in northern Nigeria:
"In one village where there was fadama that  might be
developed, when asked why this was not undertaken to
reduca, at least +to some extent, the need for =a
considerable preoportion of the male population te nmigrate
during the Jdry season in search of work, the reply was
that dry season cultivation was arducus and demanding work

and that they preferred fto go away." (Prothere, 1857
cquoted by Turner, 1977)

rfn 1966-7 & cultivated hectare of fadama recuired 137%
more man-hours per hectare that 4did gona (upland). 1In
Hanwa, the need to lock after cattle probably discouraged
cattle owners from obtaining fadama. In conbrast, the
apparent lack of off-farm opportunities in Doka was likely
to have Dbeen one important factor encouraging the
cultivation of fadama." (Horman et al, 1982: 117)

Marketing and transport
gpecialisation of crops in bottomland areas often results in
crops and vegetables being grown for direct marketing. Returns
tc high labeur costs may be gained through the marketing of
high walue products. However lack of marketing facilities or
transport may be a disincentive to opt for such a cropping
strategy:

vavailability of market outlets for the produce from

fadama is certainly an important factor. Many of the crops
produced on such land were primarily cash crops of high
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value per hectare, but of low value per unit weight and
therefore expensive fo transport. That nco doubt
contributed toc the higher proportion of fadama left

fallow in relatively isolated Dan Mahawayi, compared with
Doka on the main Kanoe to Zaria road." (Norman et al, 1982:

117)
Difficulty of mapnagsment

Variations in water levels in the fadama lands means that rice
farming is a high risk operation. The rice harvest ia affected
by changes in the pattern of flooding and the incidence of
raing. Wet season cropping in fadamas 1is risky, regquiring
careful contrel of water when it arrives.

Land awvailability and prices

As bottomland areas become more utilised there is a greater
competition over use., Where a land market exists prices may
soar. In any case, increased intensity of conflict over scarce
resgurces may result. In the fadama areas of northern Nigeria
compatition between Hausa agriculturalists and falani
pastoralists for fadama lands following the expansion of rice
cultivation in the area induced by development projects has
resulted in heilghtened tensicon, resulting in bloodshed:: on
occasions (Cline-Cole, 1988). Appropriation of large areas of
fadama land by influential agriculturalists and merchants ﬁay
result in a heightened differentiatien in land holdings. Those
without such contrel over land may be barred from use.or may

only gain access by special! favour, cor through hiring or
horrowing land.

Topland crop returns

The discussion of the previous sections has demonstrated how
bottomiand areas have potentially high levels of productivity
and can provide crops in dry vears when topland areas fail.
Such areas <learly have an important role. However the
dynamics of food security for households over time 1s alse
affected by the inter-annual wvariations in production from the
topland areas. The returns in good vyears (and subsequent
storage or sale} may be of major relevance to the survival
strategies of farmers in the dry years. For this reason,
topland farming, as part of the. sysatem, is vital to consider.
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Turner comments on the relative jimportance of fadamas and
topland areas:
"Fadama farming is a rather specialised activity which is
regarded by elmost all farmers as being of secondary
importance to the major task of ensuring sufficient yields

of the staple {(upland) food crops to feed their families."
(Turner, L977: 152)

The important point is that topland millet farming areas
provide the mainstay of the food economy for heouseholds in the
area. Fadama farming may be important in drought to compensate
for failures of topland creps, but household food security may
be ensured by the physical storage of grain or the
mobillisation of entitlements derived from grain sales from
previcus years of good rainfall. However, under conditions of
continuously declining rainfall, with series of vyears of
failure of topland crops, the bottomland areas may become more
central.

2.8. Comparative returns: the rationale for bottomland
cultivation

High production potentials

Data presented in a numbser of studiez demonstrates the hicgh
productivity per unit area of bottomland cultivation. Four,
gtudies are comparsd in Table 2.4.

Nigeria. Norman et al’s study (1982) investigated the returns
to land for a housshold study carried out in 1966-8. Values of
production for study sites in the Zaria area showed that
upland cultivation produced returns of NG5.6/ha and bottomland
production N180.3%/ha. This pattern was repeated for the
Sckoto study area (Norman et al, 1982: table 6.2}. Cropping on
the bottomland fadams areas was dominated by high.value crops
{vegetables, sugar cane) and was complemented by production of
gstaple grains from the topland. All households in the sﬁrvey
sample had access to the topland areas, but not all had access
to fadama land. On average, over the three willages studied,
fadama holdings were 0.4ha and topland heldings 3.5ha (p.

104}, Limited amounts of water control and irrigation were
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observed at this time and 18% of fadama land was left fallow
in 1966=-7 {p 117).

Sudan. Returns from rainfed millet and sorghum producktion in
the topland ‘goz’ arsas have expected yields of o.
340kg/feddan, but with a wvariation of over 30% {Elhanan et al,
1985). Darfur millet wvields show a lower production level
between 1961-1983, averaging 222kg/feddan (Babhoud et al,
1586). APU {198%) report comparative vield estimates for goz
and wadl land for 1988. Expected yields for goz land range
from 0.6 to 4 sacks/feddan, while wadi yields are expected to
range from 2.3 to 8.6 smacks/feddan. Martin {1285) reports
ylelds from goz land of only 48kg/feddan in 1983 which
compares with 91 kg/feddan of miliet in the poor rainfall yead
of 1983~4 in the Kebkabyia area of N Darfur. These data are
bazed on crop yields with cutput measured in weight of grain.
If the range of other products are included and a market value
attached the Importance of commercial production is seen,
Whereas millet received a price of L8 1.8-3.5/kg in the E1
Fazher market at the end of 1985, onlions received a price of
betwaen LS6 and L87 and dried tomatoes a price of betwaen
L32.% and LS10 (&TZ, 1989: 983

Burkina Faso. Dugué {198%: 120} estimates the potential millet
production on different land typez in the Yatenga area. Sandy
acil toplands have a potential yield of 3 to 5 g/ha, while bas
fond areas have a potential vyield of 6 to & g/ha. This may
rise to 10-20 g/ha in good vyears for sorghum {(pldg). In the
study area bas fonds represent hbetween 8% and 15% of total
area cultivated.

Zimbabwe. Various studies have demeonstrated the high potential
yvields of dambo cropping. Theisen (1976: 27) reports that the
return from damho areas was $la.5/acre compared to $0.58/acre
in the drought year of 1969-70 iIn Que Que arsa.
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Tahle 2.4. Production returns from top and bottomland areas

Area Ave production/ha in Source
bottom compared to top

Zaria, Nlgeria 3.é4x Norman et al
{1982)

K. Darfur, sSudan 1.75-3.75% Martin (198%)
Yatenga, Burkina

Faso Pl d Dugue {193892)
Chicta, Zimbabwe 2-3x DERU {19a87)

The figures in Table 2.4. represent averages or ranges. But it
is important also to emphasise the temporal signhificance of
" bottomland areas. In dry vears their relative contribution may
be at & maximum (possibly infinitely more production when
topland crops conpletely fail). In wetter years the comparison
may be not so favourable. Bottomland areas —may bhecome

waterlogged and production may fail. The consequences of thesge

inter-temporal dynamics are-considered. further below..

High costs of production

Tn all inatances, the labour invested per unit area in farming
the bottomland areas is high. Heavy solls, high weed_growth
and the requirements of water control are all contributing
Factors. The case studies reported zabove alsoc comment on

labour inputs:

Nigeria. Labour 1inputs per hectare dilffered significantly
netween top and bottomland. On small farms (<0.6ha), topland
areas required 480 man hours/ha, while fadamas reguired 232
man hﬂursfha. on large farms (>0.6ha) this was 330¢. and 1200
man hours/ha respectively (Normal et al, 1982).

Sudan. Agricultural wage rates per area for different land
types are recorded by APU (1989). In the Kebkabyia area of N
Darfur, weeding on the goz cost L3563-114/feddan, while on the
wadi land it was L88B6-143/feddan. Harvesting labour rates were
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similarly differentiated. other comparisons of costs are
reflected in land prices. Goz land has no land market and so
is effectively free, but wadi land has been increasing in

value since the early 1970s and was selling at LS1000/feddan
in 1985 (Martin, 1985).

Burkipa Fago. No gquantitative assesgments of labour inputs in
different land types were attempted in this case study
although it is estimated that the labour reguired for baz fond
cultivation may be double that needed on the topland (Dugué,
128%8). Mention is made of the management difficultiez found in
the bas fonds areas. These inglude the heaviness of the soil,
the amount of weeding reguired and the complexities of water

management if floocding occcurs in high rainfall years (p. 122).

Zipbabwe. DRU (1%87: 67) reports a series of case stuodies of
labour use. It highlights the high percentage of preductive
labour tasks invested in dambe gardening (8%- 40%). Dryfield
cultivation tasks only took up <. 5% of total time. In terms
of per hectare labour inputs the differences are greater:- as
dambo gardens repregented 0.5ha, while dry field plots ranged
from iha to 2.7ha in the case study households (p. 60).

Table 2.5. Cemaparative labour inputs

Area Labour input/ha in bottomland Source
conpared to topland

Zaria, Nigeria 1.7% Norman et al
(1982)

N. Darfur, Sudan i1.5% Martin (19285}
Yatenga, Burkina :

Faso _ 2x Dugue (1989)
Chicta, Zimbabwe 2-13% DRU {1987: B7)
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These figures are of course not completely comparable as
different metheds and sampling intensities were used to arrive
at the conclusions, However the general point is clear that
higher labour inputs are congistently required for bottomland
cultivation compared to topland cultivation in all cases.

In the study of agricultural systems in Zaria, Nigeria, Norman
et al (1982: 137) report the results of a production function
analysis. The marginal wvalue products (MVP} of topland and
bottomland reflect the trade-off between high pfoductivity and
labour costs. For gmall farms the MVP is reported as 21.1 for
topland and 14.1 for bottomland. For the large farms the MVP
is 18.5% and 15.0 for top and bottomland respectively (p. 124).
The production function analysis zhowed that "the proportion
of the cultivated  land that was fzdama, together with the
level of labour input, was significant in determining the
gross return per cultivated hectare, ¥

This case (and the other sources shown in Tables 2.4 & 2.5)
represent data from only 1-3 years. This deoes not capture the
importance of bottomland areas in relation to longer term
interarmmual wariations in rainfall and productivity levels.
Most field studies are of insufficient length to capture this
variation with field data collection. Time series covering
20=30 years are needed to explore the full range of situations
(e.g. in a cyclically variable climate, as in southern Africa:
Tyson, 1986). Understanding the implications of longer term
secular changes in declining rainfall i= even more complex.

For these reasons 1t i=s necessary to model the range- of
possible wariations to explore the potential dynamics. Tha
next section presents a very simple set of simulation nodels
to highlight explore the role of bottomland areas in the
context of interannual rainfall variations.

Examining trade-offs over time: a case from Zimbabwe
A =imple model is presented in Figures 2.8 to 2.10 that
illustrates the importance of understanding the role of
hottomland areas in an inter—-temporal context. The nmodel iz
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based on data from Zimbabwe {Scoones, 1990; Wilson, 1990}, but
simplifies the ayatem relationships to demonstrate sinple

dynamics.

Figure 2.8 illustrates the yield response relationship between
maize output (kg/ha) and rainfall levels for two types of land
- sandy soil topland and dambo. It is assumed that the vield
response for the tftopland area follows a simple two phase
function. For rainfall up to 4%50mm rainfall low production
levels are assumed (<0.lkg/ha). Only with rainfall above 450mn
is maize production possible. This is assumed to increase
linearly with rainfall. TIn the dambo area a different vield
response function is= assumed. Under low rainfall conditions,
dambo areas do still produce some ocutput. This is assumed to
increase linearly with rainfall up te 750mm. With rainfall
higher than this, dambo producticon is assumed to decline, as
waterlogging reduces crop viability. Above 800mm rainfall
production psr hectare in topland areasz is assumed to exceed
dambo production. o
Figure 2.9 shows the percentage of total production (kg grain)
produced £from the dambo land under different amounts . of
rainfall and under differing assumptions about land holdings.
Tn Figure 2.2 two situations are contrasted - a farm with 10%
dambe heoldings and one with 50% dambo holdings. The graph
shows how under conditions of low rainfall (<450mm), the dambo
area provides the major proportion of total crop cutput (even
if only consisting of 10% of total land holdings). As rainfall
increases +the relative importance of dambo production
decreases rapidly. When rainfall is 750mm, dambos produce
gimply in proportion to theix area.

Figure 2.9 is simply the representation of the assumptions of
Figure 2.8 in angther form. However it deoes illustrate the
importance of understanding the nature of trade—-offs and the

way they change under different environmental ceonditions. The
form of trade-off 1s made more explicit ir the relative costs

of production are included.
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The model outputs are displayed using rainfall data for Chiwvi
comminal area. in southern Zimbabwe for the pericd 1923 to 1986.

The individual data points represent the range of likely outputs
under conditions of rainfall pertaining over the past. 60 years. -

Figure 2.8: Yield-rainfall responge meodel for topland and
dambo production in southern Zimbabwe
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Figure 2.10 shows the percentage of total gross margin returns
from dambo use under different rainfall conditions for a farm
with 10% dambo area. This model assumes that dambe labour
inputs are 100 person days/ha (at $2/day} and topland
cultivation half that.

This modelling exercise is only intended to be illustrative.
The assumptions have used gross simplifications. A more
realistic analytical model would have to rely on a much more
complete data base that recorded the vyield responze leveils
over a wide range of rainfalls and on different land types. A
more detailed assgessment of labour and input costs under
differing levels of use would also be recquired. This would be
a major research tagk. PFor the purposes o©of the present
argument, a simple exposition of ftrade-offs hetween
bottomland and topland over different levels of rainfall is
sufficient.

2.9, Topland or Bottomland agriculture?

The relative investment of labour in the topland or bottomland
areas in any year will be dependant on a range of factors
discussed above:
- Potential productivity and variation between years of the
different land types.

- Market wvalue (and potentials for marketing) of differant
products, .
-~ Seasonal variation in 1abour reguirements for different
production systems.
- availakbility of family and hired labour.
- Gender division of labour and tasks.
- Risk perceptions (related to alternative income sources,
aszat holdings eto. _
However ovar time, in the context of the environmental
variation found in drylands, access to both types of land will
be central.
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aszumptions uged for the economic model:

- Grain priced at Z520 per 100kg bag (approximate price for
maize in 1988/9)

- Labour calculations were not disaggregated into activity or
hired/family/male/female labour, as no data was available.
Estimates are based oh ‘educated guesses’.,

- Labour on topland (90% of area} = 25 person days/ha
- Labour on dambo (10% of area) = 50 person days/ha

Labour -valued at Z52/day for all agricultural activities and for
hired and family labour (equivalent to government cash-for-wark
and rural labouxr rates in 1933.
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3. PATCH USE BY LIVESTOCK

3.1. Pastoral strategies and kKey resources

The survival of livestock in semi-arid environments is highly
reliant on adaptive movement 1in response to the spatial and
temporal variability of the resource base. The role of wetland
patches 1n livestock management strategies is often vital.
Movements may take the form of long distance migrations in
search of fodder resources or more local scale movements to
key resources within the landscape. What is common to both
strategies is that these flexible movement responses are aimed
at offsetting the seasonal and interannual variability in both
the amount and quality of fodder available.

Breman and de Wit (1983) have argued that movements in the
sahelian zone are in reéponse to the different nutritional
constraints found in different zones. Migration north to the
arid areas means that high quality fodder is found, while bulk
foods of lower quality can be found in the dry seascn dufing
the migrations to the savanna lands further south, Pastoral
strategies are thus intimately linked to the dynamics of the
grassland ecosystems, where grassland production is
constrained by rainfall deficits in the arid north ‘and by
nutrient availability in the savanna regions {Penning de Vries
and Djiteye, 1983).

Lecal level movements up and down catenas may be in response
to similar factors. Cattle may be forced to move in search of
protein and bulk fodder from the topland areas used for wet
season grazing, down the catena to the bottomland areas where
higher guality green grass and greater standing biomazs is
available in the dry season (Scoones, 1220). Similar patterns
are observed 1in wildlife movemsents (Jarman and Sinclair,
1979). Movements may als=o be explained in relation to mineral
nutrition in migratory ungulates ([(McNaughton, 1990}. Drought

impacts may alter movement seguences, necessitating

51



adjustments. to seascnal patterns with earlier movement to dry
season reserves or. moevement out o©f the area to resource
patches that are less affected by drought.

Both large scale migrations and local level novements have
bheen shown to increase the survival chances and productivity
parameters of livestock. Wilson and Clarke (1975) showed that
in migratory herds of Bagarra cattle in western Sudan, calving
rates were 65% {compared to 45% for sedentary herds), adult
and calf mortality were 15% and 11% (compared to 35% and 40%),
the age at firast calving was lower and the meat prnductinn
‘potential was higher.

For sedentary herds in southern Zimbabwe, Scoones. (1950)
showed that those that were moved early to better grazing in
response to drought had a higher chance of survival. The
direction of movement was particularly fraom clay soil areas,
where grass production crashed in the drought, to sandy soil
areas in the niombo zone where dambos provided an important -
grazing rescurce through the drought. Herd survival during the
1982-4 drought. was estimated at 40% for households that moved
their cattle early. Those households that moved thelr cattle
late or not at all had significantly lower herd survival rates
(23% and 3% respectively).

The dynamics of livestock populations in pastoral areas are
increasingly being explored in terms of non-eguilibrium
dynanics {Eilis and sSwift, 1988), This means that the effect
of droughts and other episcdic disturbances are often central
to understanding population levels and responses over time. In
non-equilibrium systems population stability may be realised
enly by expanding the spatial scale of use or lncreasing the .
range of rescurces relied upon (Ellis and Swift, 1888). The
use of bottomland key rescurces by livestock ¢an be
interpreted in this light. Such key rescurces may be explolted
through seascnal or nmigratory movements and they may be added
to the range of fodder resources normally c<onsumed. Ewven
though small in area, their role in the overall dynamics of
pastoral - livestock populations may be key (Scoones, 1990).
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There has been much debate in the rangs management literature
ahout the mnmeaning of ‘carrying capacity’ in the context of
extensive livestock management in the drylands of Africa (eq.
de Leeuw and Tothill, 1990; Abel and Blaikie, 1990). A range
of conventional assessments have been applied that often do
not consider the dynamic ecology of the system. Such
assessments may simply concentrate on the availabiiity of
topland grassland biomass, ignoring the role of bottomland
areas, that although small in size, may be highly significant
in sustaining stock populations (Scoones, 1890). ‘Carrying
capacity’ needs to be defined in terms of those critical
resources that sustain livestock at the end of the dry season
or in droughts.

It is the argument of this chapter +that these critical
resources are often the wvalley bottomland patches. Bottomland
resoulrces, low on the catenal sequence, tend to be the =ink
{or transitional zone) for water and nutrient flows in savama
systems. Because of higher moisture and nutrient avallabiFity
these patches may act in a critical way sustaining livestock
systems in dryland areas. Different livestock systems face
different constraints and these may change over time -
constraints of biomass, food guality {eg protein content) or
mineral rnutrition may exist. These may exist at different
times of year. Chapter 2 has already discussed the production
dynamics of bottomland areags in different areas in relation to
crop production. Similar dynamics apply to grass production.

Grass biomass producticn tends to be higher in hbottomland
areas than surrounding topland. Few comparative studies of
actual grass productivity have been carried out, but reporis
of peak standing crop (eg Scoones, 19%0) and estimates of
potential stocking rate in these areas, indicate high biomass
production potential in bottonland arsas {eq. Acres et al,
1985];
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The impact of grazing on bottomland areas iz dependant on the
spatial patterning of grassland types within the area. pambos
have different zones within them (see chapter 2). In sone
parts to a dambo continuous heavy grazing may result in the
invasion o¢f non-palatable species (eg Sporgbolus sp. or
sedges). However the grasses that grow in the =eepage zones
{eg Hyparrhenia sp.) may not be good guality. If left to grow,
grass soon grows tall and rank and is of poor I[odder value.
The wvalue of bottomland areas is sustained through grazing.
Grazing acts to maintain the grass sward in a wvegetaktive
state, making green graze available into the dry season.
Chapter b conslders further the pessihle detrimental Iimpacts
of heavy grazing on bottomliand areas such as dambos.

Effective wuse of bottomland grazing resources ' requires

management strategies that allow adjustment o seasconal

variation. Acres et al (1985: 80) comment:
"During the iong dry season when upland grazing dries out
and becomes nutritively poor, dambos may become the only:
source of grazing for large numbers of animals., Herdsmeh
organise transhumance so¢ that stock are grazing the dambo
grassland as soon ag is possible. This early grazing of at
least 2 amall area extends the vegetative phase and keeps
the herbage in a nutritious condition. Moisture in the

801l can. maintain plant growth until late in the dry
season. W

Just as these patchy rescurces were important in
understanding the preoductivity, stability and sustainability
of dryland agriculture (chapter 23}, =o too are they wvital in
comprehending the ecclogical dynamices of livestock production
in the drylands. A geries of case gtudies will help to
demonstrate these points.

3.2. ¥bugas of Tanzania

Malcom (1953} provides a detailed description of the grazing

management system prevailing in Sukumaland. The mbuga areas

are described as: "a wvery gently sloping area of dark clay

alluvial soil, some af which is liahle to floading." Locals

classify sﬁch soils inte four different types, some good for

sorghum production, others more suitable for dry season
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grazing. The lowlands were not, at that time, heavily settled,
bt some ©of +the upper reaches of the mbugas were used For
sorghum cropping where heavy yields were received (p. 47). The
major importance of the mhuga areas was for dry season
grazing. System=sz of communal and personzl regservation of
grazing areas existed that malntained grazing for dry season
use.

Other pastures were stocked heavily to produce a low sward
that reduced the incidence of ticks, halted bush encroachment
and encouraged sweet graass ({(Birley, 1982). To many the
reduction of tall perennial grasslands was evidence of
fovergrazing’, but with an understanding of the system, the
advantages of hesavy use are clear. A clear understanding of
ecosystem dynamics is needed before the rationale for local
pastoral management and the role of mbugas in the system can
be fully comprehended.

Lane (19%0) provides another case from Tanzania where the
mbuga grazing is used by Barabaly pastoralists as a key
sgasonal grazing resource, In this case the mbuga areas are
utilised during the rainy season. Lane {1290} documents the
Barabaig’s seascnal grazing rotatien that includes eight
different resource types. The mbuga lands are used from the
beginning of the rains (May) when the herds congregate.on the
Bagotn plains. at this time surface water is available in this
area and the productive mbuga grasslands can be made use of.
Lane (1990C: b) comments on the role of the mbuga:
"These are depressionz on the plains containing fertile
aoils tat sustain a mix of grasses and herbs that the
Barabaiqg call nygs nyatk. The Barabalg regard the forage
of the guhalegqa [mbuga] as the most productive pasture
available +to them. It is wvalued for its capacity to
praoduce high milk vields, growth inducing capacity and

recuperative powers for livestock suffering ill health
from the stresses of the dry season and droughts.Y

Dry seazon fodder is found in areas with permanent supplies of
watar. Herds move hetween different parts of the plains area,
hill, escarpment and bushland areas 1in search of fodder. as

grazing becomes increasingly depleted in the topland areas
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another Xey bottomland resource is exploited - the lake
margin. When the short rains start again (November-December)
and watesr sources become available, the Barabaig move once
again to the mbuga areas. Lane (1990) notes:
"But for the river margin (ghutend), the muhaiega [mbuga]
support the Barabeig for longer than any other forage
regime. As the ghutend is confined to the few small
perennial rivers that flow a short distance from mount
Hanang, it is much less important than the . mouhajega,

which the Barabalg wvalue more than any other forage
regime."

These two cases from Tanzania illusirate how different sets of
constraints operate in two different livestock systems. The
local managenent strateglez have evolved +to meet theze
constraints. In each case, hottomland resources are key to the
sustainability of the system.

The value of such resources is reflected in the nature of the
tenure patterns and conflicts over rescurce use that are

chserved. The case of the Barabalg is pursued in chapter.
3.3. Wadis in western Sudan

Wadis provide an important dry season grazing resource for
cattle of beoth the sgedentary and transhumant livestock
keapers. Ceollected grasses, particularly Cynodon dactvlen, are
also able to fetch high prices at local markets (Behnke, 1985:
30) The value of the wWadi resource toc sedentary livestock
keepers 1s demonstrated by the evidence of enclosure in
- Darfur. Behnke (1985: 26) notes:

"The Ffences effectively reserve the highly nutritious and
dense vegetation of the wadi bhottom, either for hand

cutting by local residents or for late dry season grazing
by local cattle.™

The exclusion of migratory cattle through closure is of clear
advantage to local sedentary populations. Reservaticn'uf grass
helps to reduce competition for fodder resources during a
critical period, increasing the gurvival chances of the
sadentary cattle. The inpacts may be zevere on the nigratory
herds, reducing the production potentials of the wmigratory
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strateqy and reguiring herd owners to pay for dry season
grazing. Local people are able to lease out fields for stover
grazing or reserved grazing areas in the wadis to nomadic herd
owners during their dry season return to the area.

Barbour (1250) notes how the Bagarra transhumant pastoralists
set up camp next to the wadi Azum betwsen December and apriil.
At that time this required the payment of a fee to the loeal
sheikh. The sedentary Fur population could effectively control
the resource, supported by the structure of the Ilocal
administration which was (and remains) based on the settled
comminities of the area.

The implications of competition by different land users and
nses for key bottomland rescurces in western Sudan will be
explored further in chapter 4.

3.4. Dambos in Zambia

The Ngonl land utilization survey carried out in the 1980s,
provides a useful description of the use of dambos by cattle
in this region of Zambia (Priestley and @reening, 1954). The
authors note that dambos are used by cattle for much of the
year. In the land extensive conditions and relatively high
rainfall of this area, it 1is quality of fodder more than
actual guantity that is a critical constraint to cattle
production. The dambos provide a vital rescurce, if managed in
certain ways, that the poor quality grasslands of the topland
areas cannot provide.

In the wet season herd hoys move catitle to the dambo areas.
Because the dambo gardens are well fenced, use of the topland
areas would reguire much more labour intensive herding. In the
dry seascn, the green grasses of the dambos provide an
important fodder source when the topland grasses are dry and

rank. This heavy use acts to increase the overall quality of
the foddsr.
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"the natural grasses are the tall and erect species, such
as Hyparrhenia, but when heavily grazed, as they usually
are, other specles come in. The grazing these dambos
provide is excellent by ilccal standards, and frequently
they are found supporting one beast per hectare for a
large part of the year." (Priestley and Greening, 1954:
11)

Cattle tend +to use different part=s of the dambo during
different phases of the dry season, following the recession of
water levels down the dambo slope. Burninguﬁr grazing may help
to increase the quality of dambo grasses, although burning is
only advisable In the wetter, sourer dambos early in the
geason (Ferreira, 1977). Management opticns for dambo grazing
are considerad in chapter 7.

High stoecking rates, particularly during the wet season, may
present =some dangers of crosion (see chapter 5), but coverall
the management of dambos to change grass species composition
and keep the sward short and green acts to improve the feodder
potential and allow the maintenance of high stocking rates:
"The fact that the 1and'is managin@ to carry this nunber -

of cattle speaks volumes for the excellence of the
dambos." (Priestlevy and Greening, 1954: 36)

3.5, Dambeos in Zimbabwe

Dambos are key resources in the grazing systems af the
communal area agropastoral systems of Zimbabwe. The high
levels of population density found in the communal areas means
that topland areas are heavily used, either for cropping or
grazing. In many areas +their walue for grazing has been
reduced through degradation. This means that dambo grazing is
used intensively. Dambos are particularly important as sources
of dry season fodder in the drier parts of the country, where
danbo grazing iz relatively sweet. In the high wveld, where
dambo grazing is typically sour, grazing is improved by the
intensive use found in the communal areas. In the large scale
commercial farming areas, where stocking rates are low, dambos
are 1esé'used, as the dambo grass is left to grow (see Part
3).
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Research indicates that ‘carryving capacity’ for livestock is
intimately linked to the availability and fodder guality of
the dambo resource. For it is in the dambeos that grazing is
available in the dry season or in droughts {Scoones, 1990).
This conclusion is reflected in a number of studies in the
gouthern African miombo =zone (eg. Trapnell, 1952 for Zambia;
Rattray et al, 1933, CRU, Whitlow for Zimbabwe). Despite this
widespread recognition of the role of the dawmbo rescurce,
range management procedursz for carrying capacity assessment
and grazing area planning take limited notice of their
gignificance in the functioning of the syatem.

Maasurements of ’‘carrying capacity’ ignore the importance of
patchy grazing resources (such as dambosg and river banks)
gontinue to be wsed in Zimbabwe. Claims of ‘overstocking’ have
-haen made gince early in the colonial era based on assessments
developed in the context of commercial heef ranching., Thasea
provided the technical jJustification f£or the destoﬁking
policies dinitiated in Zimbabwe ({and e¢lsewhere in colonial
“Africa) from the mid- 1940s (Scoones, 1990k). However, in:bart
because of the availability of bottomland grazing resouﬁées,
livestock have been sustained in the communal areas of
Pimbabwe at stocking rates several times higher than the
official recommended carrying capacity over many decadss. Key
hottomland grazing resources are cantral to the opportunistic
gtrategies adopted by Zimnbabwean agropastoralists; these are
the resources that aliow livestock to be sustained through
droughts and dry seasons and allow cattle to be stocked at =&
high rate providing economic services (of draft, transport,

milk, meat etc) to the population (Scoones, 1990).
The implications of a more complete understanding of the local

grazing management system is exploread further in Part 2 where
the design of grazing schemes is discussed. '
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3.6. Issues in grazing management and patchy resources

The case studies presented in this chapier highlight a number
of key themes, A recognition of the importance of patchy
resources in dryland livestock management suggest a number of
important issues for policy:

- Constraints to livestock production will differ in
different systems. An understanding of the role of patchy
resources as part of a wider livestock management system
is required. @Grazing constraints may relate to lack of
fodder biomass or gquality - these constraints vary through
the year. Constraints in dryland pastoral syztems also
vary interannually with bottomland rescurces often being
gritical In drought periods. Conventional range assessment
procedures may be inadequate for this type of systems
based assassment.

~ The sustainability of a grazing aystem may be critically
dependant on the access to particular key resocurces that
alleviate seascnal or -interannual constraints. The
identification of such rescurces within the landzcape is
essential for a more effective definition of foarrying
capacity’ and for addressing questions of environmental
degradation (see chapter 51, -

- In -many livestock management systems, movement iIs a
critical strategy for coping with wariations in fodder
availlability. Bottomland rescurces may be central to the
opportunistic management strategies of dryland llvestock
keepers. Systems of management that act to constiain these
strategies (eg restricted movement within grazing schemes,
paddocks or group ranches} may act to decrease the
viabhility of the system.

~ Access to such key resources may be the centre of local
level tenure and commeon property management systems.
conflicts over control by different users is a central
issue. This theme is pursued further in the next chapter.
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4. PATCHY RESOURCES AND LAND TENURE ISSUES

This chapter discusses the implications of a heterogeneous
landscape with patches of different wvalue for production for
land tenure saystems and land-use conflicts. A number of
general hypotheses can be suggested:

- Conflicts over land resources are likely to focus on areas
of high productivity, especially if these areas provide a
seasohally ¢ritical resource.

- Conflicts over such ‘key resources’ will increase with
secular increases in resource pressure (eq through
population growth) or with interannual variations in
regource scarcity (eq in drought).

- Resource management will be focussed on such resources.
Local institutions, rules and regulations will concentrate
on the regulation of use of such resocurces.

4.1. Forms of conflict over key resources

This c¢hapter will investigate the different type of conflict
found surrounding bottomland resource use iﬁ.dryland areas.
The case studies presented will explore the general hypotheses
outlined above with particular examples. Various types of
conflict are obgerved in the case study areas: B

Confligts among agriculturalists

Chapter 2 has already explored the importance of bottomland
resources for agriculture. value tends +to increase as
opportunities from alternative rescurces become scarcer,
through dreought impacts or through increasing land pressure.
Technological change may make the cultivation af bottonland
areas possible for some (eg through the availability of
pumping technologies) and so increase differentiation in land
holdings in bottomland areas. In Zimbabwe, land pressure is
intense in many peasant farming areas, resulting in hrigh
demand for dambo areas for cultivation. Those lineage leaders

with historical claim to such resources may exert their
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influence in acquiring access to the land for private use,
meaning that ‘immigrant’ lineages have fewer possibilities of
access (see Part 3 for details of this struggle over resource
access). Legislation that discourages cultivation acts +to
reduce this conflict, but it nevertheless remains important.
In the case of wadi cultivation in western 2ndan and fadama
use in northern Nigeria similar differentiation in bottomland
access is observed. The availability of diesel pumps has
meant that sone farmers have been able to irrigate relatively
lerge land areas. This hag resulted in these richer farmers
making claims over large farms excluding others from access
{see chapter 2).

Agropastoral system conflicts

Where cropping and livestock production are Jjoint production
objectives within the same farming system, conflicts arige
over bottomland resource use, since these aresas are key
resources both for agriculture and livestock production. In
Zimbabwe, with high resource - pressure, thiszs conflict is
intense ({although the opportunities for cropring are still
restricted by legislation). A number of outcomes are
obhserved, dependant on local resourcge constiraints and
political dynamics. In some areas, farmers have enclosed parts
of dambos osgtensibly for oropping/gardening. Howewver,
recognising that the dambo grazing is vital for grazing too,
some areas within the enclosed land are left fallow and the
grass used for the farmer‘s livestock. However, a strong
ideclogy of communal ownership acts against this trend in many
argas. Arable fields ‘traditiocnally’ become common property
grazing during the dry season so the fodder resources then are
avallable to the wider community. Private ownership of dry
season fodder ocan be achieved either by adopting a cut and
carry seagson and storage of hay cut during the wet sezason or
through 4dry seascoh cultivation and gardening (increasingly
popular in dambos). In other areas, community level decisions
are made about the allocation of local resources to different
uses. Instances are reported where comminities have decided
{independently of the legislation) to restrict cultivation in

dambos, either by allocating certain dambos to grazing and
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others for gardening or adopting regulations that restrict
cultivation to certain portions of the dambo, leaving the rest
for grazing (Sources: interviews and persional obhservations).

The situation in Yatenga, Burkina Faso appesars to be dirfferspt
{Berton, 1988). Here, it is claimed, there is no direct
conflict between agriculture and livestock. Livestock
apparently find sufficient fodder outzide the bas Ffonds areas.
As long as access to bas fond water resocurces is maintained

then problems of conflict do not arise.

The replacement of savanna grassland with crops may not
necesssrily detrimentally affect livestock nutrition. IFf the
crop  types provide large amounts o©of reasonable gquality
gtover, thiz may compensate to some extent for the 1ozt
bottomland grassland. In additlion, the attraction of animals
to cropland for the consumption of stover will also result in
the deposition of dung so increasing the fertility of the
bottomland cropland. The trade-offs are complex and remain
poorliy understood.

Confiict between agricultural and pastorsal groups
When the owners of livestock and cropland represent distinct

groups of people the form of conflict over bottomland key
resources may be more conmplex and more intense. Such conflicts

nay escalate to armed battlez over resources. For instance,
the recent bloodshed in the Senegal river walley bestween
agriculturalists (largely from Sensgal) and pastoralists
{largely from Mauritanla) has been focoused on access to the
key wetland areaz of the walley. Similarly, intensified
conflict over fadama land access has been noted in northern
Higeria (Cline-Cole, 1988). Wetland rice cultivation has
axpanded enormously in recent vyears, particularly through
incentives supplied by development agencies. Thizs has
rezulted in conflict with the Fulani herders who had
previcusly used the fadama lands for dry seascon grazing. The
dynamics of conflict betwyeen settled agropastoralists and
transhumant livestock owners in western Sudan is explored in a
case study below.
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Conflict between commercial ggriculture and pastoralism

The drive to ‘medernisation’ that characterised much of the
development rhetoric of the 1960z and 70s resulted in the
generation of the myth that large scale commercial
agricultural preoducticon was the solution to the producticon
rproklems of Africa and that ftraditional’ formz of land use,
and in particular pastoralism, was backward and unproductive.
Much of +this myth has now been exploded. Research has
demonstrated the productivity of pastoral production systems
and the rationality of the sayatems of land-use in dryland
aress (Scoones, 1988). Evaluations of large-scale commercial
agricultural projects have generally been digappointing, with
the expected returns not being realised. However the leqgacy of
the 'modernisation’ perspective £till remains, both in
projects established in the past and in the strategliez of some
governments and aid agencies. The choice of land for large
ascale projects of this sort often results in conflicts with
other land users ~ often the key bottomland resources were
taken for the establishment of irrigation schemes or
cemmercial farms. This results in the disruption of existing
gsystems of preduction, where pastoral grazing rotations were
affected with the removal of key resources. The case of the
inpact of a large scale wheat farm on the preoduction system of
the PBarabalg pastoralists of Hanang district in Tanzania is
reported below,

ict e in & chment
Bottomland agricultural or pastoral use is dependant on the
particular biophysical characteristicz of the resource. The
flow of water from the topland arsas to the bottomland patches
iz a e¢ritical factor in ensuring the high level of
productivity of =such areags in dryland environments. Upstrean
damming of water flows for irrigation development may have
major downstream impacts on bottomland use through the
disruption of water levels or flooding regines. The cage of
the impact of large scale irrigation schemes is explored

below.
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Conflict over bottomiand areas are probably an inevitable
congegquence 0f thelr relative value within the system. However
it is important to assess the dynamics of conflicts over
tenure and ewxplore possible routes for amelicorating disputes
and securing rights over key resources.

The three case studies that follow attempt to explore the
range of dynamics over temure and resource use found in the
context Of bottomland areas. Further examples are pursued in
Part 3. Bach case is different and is dependant on particular
local circumstances. However, a number of Iimportant themes,
common Lo many exanples, emerge. The firat case considers the
gituation in the wadis of western Sudan. Here a pattern of
land enclosure has been observed, coinciding with increasing
rascurce pressure due to drought. Settled agropastoralists
are able to exert contrecl and exciude others. However a
dynamic of enclosure and privatisation is not inevitable. In
the pastoral system of the Barabaig discussed in the second
cagse study, the bottomland areas are used as part of a compilex
grazing rotation. Flexibility of use iz essential to “the
sustainability of the system. This has been disrupted by-the
appropriation of land for ‘modern’ commercial agriculturd. A
similar tTheme is evident in the final case study wheras
irrigation schemes 1n northern Nigeria represent a threat to
fadama agriculture in the floodplain. Here the izsue aof
inadegquate assessment of bottomland wvalue is again
highlighted - conventional planning ignored the opportunity
cost of using water upstream, overestimated the potential
success of the ‘modern’ irrigation scheme and underestimated
the value of bottomlang agricultura.

4.2. cCase 1: Conflicts over wadi use between settled
agraopastoralists and nomadic livestock owners in
Darfur, Sudan.

Attempts by settled agropastoralists to enclose land has been

ongoing since the 1970s in Darfur (Haaland, 1980). These

encloged areas have been concentrated in the wadi. bottons

where the best dry season fodder rescurce is concentrated.

These enclosures (Zarba_ al-harwa) have been largely carried
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out by local farmers with large herds, although, as resource
pressures have Iincreased on remaining grazing, others have
followed suit.

Fences appear to be strategically sited to prevent nomadic
cattle making use of the resource on their return Jdry =eason
migration through the area. The legality of such enclosure for
grazing use iz doubtful. Although local owners admit thiz, the
local courts appear to uphold the principle by fining
livestock owners who ‘trespass' on the enclosed pasture land
(Behnke, 1985: 28), Due to the fact that local court syztens
are donminated in this area by powerful representatives from
the =settled agropastoral (Fur) community, this is not
surprising.

Individuals may attempt to enclose land with the intention of
daveloping it for cropping. This is a recognised practice and
az long as the land is allocated by the local auvthority
{sheik) and not left completely uncultivated for many years
then the land can be retained as individually owned. However
Behnke {1985: 28) pointé out that:

rMany cropped fields in these communitiesz are nothing but
rather transparent excuses to enclose land."

Different types of closure are observed in the wadi areas -
some are individual patches enclosed for private use, others
are communal enclosures for the use of the community. These
latter forms have been encouraged by development projects in
the area (Behnke, 1985).

The pattern of enclosure is not static. With the cessgation of
drought conditions sipnce 1886, decreased incentivas to enclose
land has resulted in the abandonment of some of these areas in
South Darfur (faroel Kerven, pers. c<omm., 1990). However in
North Darfur, where rainfall has remained low, enclosed areas
are apparently on the increase (Adam Hamid pers. comm., 19903.
Local politieal changes (in the power of sheiks or the
affectiveness of local adminlstrators} will alsc have an
effect, along with the lncentives supplied by aid agencies.
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The private and communal enclosure of wadi Flelds results in a
humber of conflicts:

- With settled agriculturalists wanting to gain access to
wadi land for agriculture.

- With settled livesteock owners whose grazing resource
diminishes (especially those from neighbouring villages).

- With nomadic herders whose key resources for dry season
migration are raemoved.

The wvalue of the wadi land has increased due to both the
effects of declining rainfall levels and increasing pepulation
pressure. This has helped to drive an snclosure movement, The
effects of this on the nomadic pastoral economy are uncertain.
However these changes In land tenure have a potentially
damaging impact on migratory animals’ survival chances during
drought and their potential for production of livestaock
products {see above for comparison of migratory and sedentary
herds preoduction/survival parameters for this area
pre—-enclaosure) .

The productive wadi lands are therefore wital +to the
sustalinability of both the sedentary and migratory systen.
docdess to dry season wadi land is central to the form of land
dizputes observed between different interest groups. Because
of the politics and enforcement practices of the local systens
for land use management, the sedentary population is getiing

the upper hand, acting +to undermine the nomadic pastoral
2CONOMY .

4.3. Case 2: Removal of land from pastoral use -~ the case of
the Barabaig of Tanzania

The conseguence of removal of land for commercial, large scals
wheat cultivatlion on pastoral preduction in Hanang district in
Tanzania has been decumented by Lane (1989; 19390 in prep).

The removal of 40000 hectares for wheat farms during the 2970s

has had a major impact on pastoral producticon. Although
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raprasenting only 12% of the total area, the areas removed
were the most fertile prime grazing land. These patches,
called locally muhedega, constituted +the most important
element ©f the grazing regime (see chapter 3). They provided
hoth an iwportant seasonal niche for grazing and particular
high quality grass species. The impacts of the development of
wheat farming (combined with agricultural encroachment) on
the Barabaig pastoral system have included (Pretty and Lane,
1990):

- Reduction in livestock numbers and productlon.

- Increased pressure on other resources, resulting in
changes in ¢grass species composition and increased risks
of environmental degradation.

— Breakdown of +traditional reotaticonal graging movement
batween different areas.

These impacts were not included in the original assessments of
the project:. Only racently have external impacts of the scheme

been acknowledged.

A lack of consideration of rights over pastoral resources is 'a
central factor in the debate zbout the future of pastoralism
in Africa (Lane and Swift, 1989). The evolution of effectiva
systems o©of access rights wili need to be devélaped from an
understanding of the system of production and the
identification of ‘key resources’. As these areas are central
to the sustainability of the preduction systems, legal rights
and pastoral association resource regulation should be centred

on such areas.
4.4. Case 3: Downstream impacts of dam constyruction in Nigeria

The impact of large scale irrigation schemes built in northern
Higeria on downstream traditional irrigation systems on fadama
lands has been assessed by 2 number of researchers (eg. Adams,
1983; Adams and Hollis, 1989; Brown, 1988). These studies have
highlighted the physical impacts on production outputs £rom
fadama production and the under-valuation cf.ecdnomic costa

assocliated with irrigation development. Other researchers (edq.

&8




Palmer Jones, 1984) have pointed out that the economic returns
on Jlarge scale irrigation development have not wmatched
original expectations.

Changes in water flows has resulted in sBeriocuz impacts of
fadama cultivation in some areas., adams and Hollis (198%: 126)
conclude that for the Hadeija-Nguru wetland area:
"The effects of tha full implementatién of the szchenes
currently completed or under construction will be that
... they will destroy the yield of the multiple foods and

products that presently emerge from the tHadEija—Nguru]
floodplain.®

Adams [(1985) has examined +the downsiream impact of the
Bakolori dam which was completed in 1978 on the Sckoto river.
Reduced peak flows of  the Sokotoe were felt by downstream
cultivators who had previously relied on the inundation in
the floodplain. Adams (1985) documents the effects of the
decline of flooding extent on cropped area., Reduced flooding
and declines 1in water tables resulted also in changes in
cropping patterns; rice became less successful and dry season
cultivation declined. It was estimated that there was a Joss
of 7000ha of rice and 5000ha of dry season crops in.the
19000ha fleoodplain.

Increases in millet or sorghum compensated for some of these
declines, but this imposed new uncertainties on the cropping

system. Investment in well digging and deepening to offset
declinas in water awvailability were also made. But the labour

and cash investment costs of new forms of irrigation (ie more

hand pumping or investment in petrol pumps) clearly increased.

The wvalue of lost downstream production if incorporated into
the econonmic assessment of the dam project can be shown to
have a significant impact on the benefit/cost ratio of tTthe
project (Adans, 1985). Because bottomland wproduction is often
on disparate patches, representing part of a wider systen,
because production outputs are seascnally and interannually
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variable and are often subsistence products, the valus of such
resources are difficult to assess (Adams, 1990). The issue of
economic wvaluation is addressaed further in chapter 6.

4.5.

Conclusions

Tenure systems for agricultural and pastoral production
are often focused on the regulation of use of key
bottomland resources in dryland areas. This may result in
conflicts over use bhetween different users and uses.

The form of tenure system and the nature of conflict are
variable. Both patterns of enclosure and c<ommunal
management are observed. Such patterns are not static and
will depend on the nature of resource prassure and local
soclo-political forces.

Tenure and resource contrel need +teoe be centrail
considerations in the development of bkottomland: areas.
This requires the elaboration of rights to ‘land for
different competing usgrs and uses. Also, a consideration
of existing use and economic value hneeds to be a central
conmponent of evaluation of impact of proposed

interventions. This issue is pursued in chapter 6.
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5. DEGRADATION OF KEY RESOURCE PATCHES

Previous chapters have emphasised the wvalue of bottomland
patches for both agriculture and pastoralism. They have been
shown to be central +to systenm dynamics: maintaining
productivity and increasing stability of production, both
seasonally and interannually. But how sustainable is
production based on such areas? &As production activities
increasingly switch to these key resource patches, is there a
heightened risk of degradation? What would be the economic
coat of such a loss in productivity?

Degradation may cccur in patchy resources through changes in
water regimes or losses of scil. The way these physical
processes impact on agriculitural or pastoral productivity are
complex. This reguires an examination of <the nature of
physical impacts both due to changeg within the bottomland
area and within the catchment as a whole. Identifying such
inpacts says nothing of their economic significance. There- iz
a need therefore to assess physical degradation in relation to
economic impacts on the production system within reasconable
time frames {see chapter 6). -
Thiz chapter will investigate first the catchment effects on
hottomland production, exploring the Iinterconnectedness of
topland and bottomland in the consideration of environmental
degradation. Next attention 1s switched to an examination of
the impact of agriculturs and grazing on bottomland resources
themselves, drawing on the southern African debate on dambo
utilisaticon.

5.1. Catchment effects on bottomland production

Bottomland areas are the sink or transitional =zone for both
drainage and soil deposition processes. This water and seil is
largely derived from the surrounding catchment. Therefore
changee in the topland area will affect the soil and water
prdperties of the bottomliand. Catchment relations are

discussed in detail in Part 2. Many uncertainties remain, but
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a nmumber of scenarics of ‘degradation” in topland areas can be

presented and the possgible implications for bottomland areas
explorad.

Changes in hydrology of botitomland areas dus to topland use is
highly dependant on leocal hydrogecmorphological Ffactors. Part
2 discusses in detail the debate over southern African dambos.
This contrasts the view that base flow is largely determined
by =zeepage from topland catchmant (eg. Rattray et al, 1953;
DREU, 1987) with the wiew that bage flow iz derived directly
from the dambo area and related to incldent rainfall and
surface flow {(eqg Balek and Perry, 1973). Both s=situations
proebably exist, but the implicaticns for topland impacts on
bottomland hydrology will be different.

A gimilar contrast can be suggested for =so0il processes. If
s0il material and nutrients are derived primarily from topland
depesitien rather than in s=situ formation, different
implications of the consegquences of topland use are clear
{s2ee Part 2).

Box 5.1: Catchment Iinteractions and degradation processes

Topland deforestation -

The egffect of changes in forest cover in the topland miombo
woodland areas of central Africa on the water availability and
base Flow of dambos has been discussed by Hough (1986). If the
topland catchment acts as the main aguifer for bottomland
areas and damboz do not act simply as ‘sponges’ as is
sometimes suggested, then changes in topland woodland may be
gignificant. Increasning dry season base flow reguires the
maximisation of inflltration and soil meoisture storage and the
mininisation of run-off and evapotranspiration. Removing
forest cover may result in decreased infiltration by reducing
litter cover and organic matter in the =pil. But the main
water loss to the system: is evapotranspiration which may
account for up to 920% of the total anmial precipitation in
miombo areas. Reducing forest cover thus can act to increaasge
water retention and improve dry season base flow. However the
interacticons are complex. Conmplete clearance and conversion to
graszland may increase base flows, but partial clearance aor
coppicing may not. Changes in land use on the toplands through
conversion of land to agricultural use or heavy harvesting of
woodland, transforming it +®o a coppice structura, may

73




therefore have wvaried effects on the dambe hydrology. This

will he mediated by factors of soil type, slope length and
angle and total amount of precipitation {ges Part ).

Topland shest erosion

Removal of soil from topland areas through sheet erosion may
have a range of effects on bottomland areas. Changes in soil
structure {eg. removal of organic matter/upper horizons) will
have an impact on catchment hydrology, increasing run-off and
reducing infiltration. Thiz may act to increase surface flows
to bottomland areas, but alter . their seasonality and
concentrate their impact on particular run-off events. Such
changes in so0il properties may thus act to impair the
regqulatory effect of the catchmeht area on system hydrology.
Scil loss from the ¢atchment area may also resitlt in increased
deposition in the bottomland area. Depending on the type of
s0il removed, this may act to increase or decrease the sopil
fertility of the bottomland areas.

ricentra U~ flows

Concentrated flows of water channelled by gullies formed on
the topland are most likely to have detrimental effects on
bettomland areas, creating inciszed gullies within the valley
bottomland. cGncentratlnn of run—-off into walley bottomiands
iz an increasing phenomencn in Burkina Faso (Reij et al, igoss:
57). Run-off no longer spreads ac¢ross the valley bottom floor,
but concentrates along central drainage channels. The result
has Dbeen qully formation which may incise backwards up: to
40-50 metres per year. The construction of semi-permeable rock
dams within gullies has started in many areas to reduce the
impact of this degradation (see chapter 7).

bownstresam impactsg

The construction of upstream dams and irrigation schemes on
the downstream productivity of bottomland aveas has heen a
major issue in northern Nigeria (Adams, 1988; adams and
Hollis, 1989). Reductions in flooded area and lowering of

water tables in floodplain agriculture has resulted in
reductions of yvields (see chapter 43.

Climate chanoge

Reduced rainfall levels, particularly the reduced incidence of
heavy ralnfall events, In Sudan have been shown to have a
signifinant impact on shallow groundwater recharge, resulting
in declines in local water tables (Walsh et al, 1988: 193).
This 1= apparentlvy not offset by increased run-aff fdue to
lower topland infiltration capacity, as a result of
deforestation, heavy grazing and drought related reductions in
vegetation cover). The result has been reduced wadi and
everland flows, reduction in 2shallow aguifer and perched
water tablie levels in wadi beds and adjacent to inselbergs and
the drying ocut of shallow wells, surface pools and hafirs
(Walsh =t al, 1988: 181).
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Interactions at the catchment lewvel are conplex and
incompletely understood. fDegradation’ processes in one part
of the landscape may detrimentally or posgitively affect
production in another part, depending on a whole range of
interacting factors. A case by case asgsessment is needed. It
ig by no mneans clear that what may be ssen as topland
fdegradation’ (land clearance, deforestation, soll erosion,
increased run-off etc) will necessarily have a negative impact
on bottomland production. In some cases changes on the topland

may act to increase bottomland productivity.

Degradation processes thus tend to increase the ‘patchiness’
of the landscape. Farmer responses bto such change will
therefore regquire an increased adaptation to patchiness.

5.2. The impacts of cropping and grazing within bottomland
areas

The debate about the potenﬁials for degradation from
agricultural or pastoral use of bottomland areas has heen
particularly intenze in southern Africa. (see Part 3). This
section reviews the various arguments of this debate.

The history of successful dambo cultivation dates back
certainly to the nineteenth century and probably earlisr (see
chapter 2 and Part 3). MNineteenth century travellers in
eouthern Africa record the details df dambe gardening,
commenting on the productivity, crop diversity and careful
#0il and water management. These observations are reflected in
the records of early colonial officials.

It was not until the late 19203 in Zimbabwe, and somewhat
later in Zambia and Malawi, that cofficials started to express
concern about cultivation practices in dambos. In Zimbabwe; in
particular, a whole body of environmental legislation was
enacted to protect dambos from cultivation (Whitlow, 1989,
DRU, 1987). The historical eveclution of these ﬁﬂlicy
diractives is discussed elsewhere in Part 3. This section
concentrates on the technical cohcerns.
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Agriculture and water regimes: the debate in Zinmbabwe
0fficial concerns have concentrated on two issues, First, the
fear that agriculture will dry out the dambos, thefefore
affecting base flow and water supplies. Second, that
cultivation will cause so0il erosion and #zo desiccation and
downstream siltation. The historical evolution of these
envirommental concernsg have been documented by Whitlow (19890
and Wilson {1986) among others. A number of central thenes
energe:

- EBarly concerns centred on the cultivation practices on
commercial farms, whera mechanical ploughing across dambo
areas was practised. Settler commercial farmers, unlike
CAfrican producers,  were unprepared to  adapt cultivation
methods to the heterogeneity of the landscape and
cultivated indiscriminately.

- Debate about the advisability of dralnage of wet areas was .
also central. Little consensus was reached, but evidence |
of poor drainage practices resulting in gullying .

accumulated, particularly within the commercial farms.

- Continucus wet (with maize) and dry {(with wheat) season
cropplng was assumed to result in drying out of dambos.

- Dry season cropping of wheat in particular interfered with
grazing potential.

Rattray et al (1953) provided the first detailed assessment of
evidence for and against dambo use in Zimbabwe. They pointed
out that the Jiumpact of coropping on dambo hydrology was
uncertain, but dambos are ‘singularly valuable to farmers’.
They notes:
"Tt i# not generally realised that the cultivation of
surrcunding upland may have a greater effect on  the

nmoigture conditions of a wlei than the actial cultivation
of the vlei itself" (Rattray et al, 18%3).
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They warned:

"aAnnual cropping without suitable relations to build up
soil fertility, bad or injudicious systems of drainage,
ploughing through sponges, incorrectly managed established
pastures on an extensive scale, are all conzgidered likely
to be detrimental to water supplies.®

They come down ceonservatively Iin  favour of restrictive
legislation, arguing that "a policy of preservation is a scund

one and a safe one.

Ellwel and Davey (1972: 163) comment on soil losses:

"In splite of higher run-off, cultivation of the less gsteep
vliel slopes will reduce soil losses, compared +to an
equivalent area of steeper upland slopes.t

However they warn that storm water run-coff 1is a particular
rigk in dambo areas because of the concentration of drainage.
This may result in serious headland gully erosicn and major
losses of easily eroded organic matter components from the
dambt area. They recommend ‘safe levelz of use’, but retain

gupport for a modified form of legislation.

DRU (1987: 13%) argue that crop production on the upper danmbo
zone will have a negligible effect on dry season base Flow.
They &lso note that at the study sites there wés o
significant evidence of sheet erosion, while gully srosion was
not correlated with the level of cultivation {p. 139- 140).
They do however recomnend a series of environmental
conservation measures:

- . Cultivation recommended only on the upper dambo and remain
restricted on the dambce margin and dry bottom.

- Maintain grass strips along the bottom of the dambo
{60 m).

- Cultivate a maximum of 30% of the dambo area or 10% of
dambo catchment. '

-~  Contour ridging and contour designs of beds etc.
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Thiz study too takes a cautionary =tance on the legisiation,
arguing for its modification rather than abandonment.

A few studies have provided empirical data to throw doubt on
the caution paid by officialdom to dambo agriculture.

Theisen's studies in Chiwundura were pioneering. He comments
(1976:2~3):

"Erosion associated with cultivated land is normally sheet
erosion with small gullies which are invariably quickly
controlled by the land owner..?

One case study showed that:

"In the c¢ultivated areas there was no sign of erosion. In
fact, over the past 18 years there has been a movement of
s0il up the slope on account of the way in which the
tribespeople plough their gardens."

He noted how removal of dambeoz from cultivation would result
in heavy grazing pressure and a greater incidence of gullies:
This he considers to be the result of "a stereotyped law, with
no consideration paid to the ecological principles which
govern the congervation variables.!

Whitlow (1.989) comes to similar conclusions about the impadt
of cultivation on dambos with a series of detailed aerial
photograph analyses. Whi.tlc-w examines a range of hypotheses
for observed gqullying in dambes. The =zet of factors thought
most likely to have resulted in dambo ercsion included
increases in dryland cropping resulting in reduced grazing
areas and so concentration of animals on dambos. There was
only limited evidence for qullying associated with existing
patterns of cultivation.

Most studies in Zimbabwe therefore conclude +that it is
unrequlated grazing that is most likely to cause dambo
degradation, rather +than cultivation as has always been
assumad by the legislators. The next section considers the
debaste about dawbo grazing impacts.
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Inpacts of dambo grazing

The use of dambos by livestock may have a varilety of effacts
cn the so0il and water rescurces through trampling and
compaction, grazing or the creation of paths. As with
cropping, the possible impackt of livestock use on dambo areas
must bhe related to an understanding of catchment hydrology and
the seasonal and spatial wvariations in livestock use of dambo
areas.

The following discussion considers the range of possible
impacts of livestock on dambo areazs. The evidence of
degradation by livestock impact is assessed for the southern
African literature:

Trampling and compaction. If dambo water is primarily received
from direct precipitation, then trampling and compaction of
s0il within dambos promotes run-off and reduces infiltration
making the dambo drier. However if sub-surface floﬁs from the
topland areas are most important, then seoil cowmpaction within
dambos acts to change the pattern of sub-surface seepage,
moving the site of the spring or seepage zone, increasing
sub—surface water flows or extending the area of wetland in
adjacent areas in the drainage system.

The time of year that animals use the dambo grazing resource
iz also critical. When the area is wet, =0il disturbance and
compaction is likely to have & much larger impact than during
dry seascn use when the surface is relatively hard. Different
parts of a dambo area alsc vary in susceptibility, with the
seepage 2zones and spring areas being particularly vulnerable
ta livestock inpacts.

Heawy grazing. High levels of grazing acts to reduce
transplration levels of dambo grasses, but increaase

evaporation direct from the scil surface. The net result over
the year on water availability depends on the =seaschnal

distribution of grazing pressure. Grazing during the cold dry
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season reduces transpiration losses, but direct socil losses
are not be high., However towards the end of the dry season and
during the wet season these may be considerable,

Rattray et al (1953) comment con the impact of heavy grazing on
potential spil erosion:

*The effects of drazing the viesis {dambos] ocan also e
important particularly where they are heavily grazed
throughout the year... close grazing during the rains will
not only rasult in exposing the soll to the eroding
action of the surplus flow, but will increase the flow...
by compacting the surface of the scil.." {(Rattray et al
185373,

However grazing, may have beneficial efiects on grassiand
quality and composition. Davies (1247: 698), following a
survey ol grassland problems in Zimbabwe notes:

"on some of the reserves, the vleis [dambos] are closely
grazed... The result has been that the ground has hardened
up, and in some respeckts  these vwleils have been
considerably improved.,®

Guily formatiop. The effects of altered run-off regimes caused
by changes in the topland area and cattle impact on gully
formation is often commented on (eg. Agnew, 1973; Whitlow,
1588). Priestley and Greening (1%56: 21) comment on the
problems of livestock impact on Fambian dambos:

"Excessive and uncontrolled iwun-off from the —slopes
above.. is made even more dangerous when the dambos have
been overgrazed and badly poached by cattle... Many dambos
are being severely poached towards the end of the rains
when the land is soft. These scarsgs do not heal hut are
made worse 1in the dry season when cattle congregate in
search of water, with the result that erozion gets a
foothold at the onset of the following wet =eason.."

Thaisen (1976:2) notes:

"Erosion wusually begins where cattle "mill around" the
vergaes of wvlel wells and watering points; or 1n sponge
land where grazing remains green in winter; or in cattle
tracts which intersect the wlei. This erosion is usually
of the deep gully type which affects the drainage and
desiccates the land."
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5.3. Controlling degradation

The evidence for degradation is mixed. The 1legislation
prohibiting dambo agriculture in Zimbabwe, hecause of the
alleged possibility of degradation, appears to have been
ill-advised. A more appropriate approach would have been to
build on the long experience of peasant agriculturalists to
develop effective sustainable systems of dambo agriculture.
Heavy use by caltle certainly appearz to be a danger,
particularly if they are forced to use dambo .grazing in the
wet season. & regulated pattern of use is cleariy desirable.

Successful utilisaticen of bottomland areas regquites a
fine-tuned management approach. Elements of this include:

- Recognition of catchment level interactions in soil and
water processes.

- Practice of different use regimes 1in different zones of-
~ the dambo area.

- Seasconal  adijustments  of use to expleit seasonal
variability and reduce impacts. '

A preservationist appreach 1o environmental degradation -
removing human use in gase it results in degradation -~ is
clearly untenable, ag the potential importance of bottomland
aresas in the agrinultural and pastoral systems of the drylands
is so large. The econonic arguments for this position are
alabarated in the next chapter.
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6. THE ECONOMIC VALUE OF WETLANDS IN DRYLANDS

Previous chapters have highlighted the economic benefits of
using patchy resgources and also the potential costs of their
degradation. What is the economic value of these resources?

In many caszes thi= wvalue has not bean fully considered. The
result has bkeen ¢alls for their - preservation and *he
prevention of direct use for agriculture (eg. in Zimbabwe). In
other areas the construction of large dams and irrigation
schemes has had detrimental impacts on downstream flooding
regimes and =0 the productivity of wetland use (eg. in
northern Nigeria).

There 1= a need therefore for a framework for economnic
valuation that highlights current and potential future use
values so that a fuller consideration can be included in
planning for conservation measures or large scale developmnent
projects. The case for -the economic valuation of tropical
wetlands has been argued for by Barbier (1989%) in the context
of central American wetlands and Adams (1990) and Skifner
(1990) in the context of African floodplains. This discussion
draws on this literature to discuss a framework for *he
economic assessment of patchy wetland rescurces of the type

discussed in this report.

The framework used by Barbier (1989) will provide a basis for
a 4qualitative discussion. Formal analysis using a cost-
benafit method iz not possible as data is not available on all
factors. However setting out a framework will provide
directions for future investigation,

6.1. Econowic assessment of patchy resources

Patchy wetland resources have a number of features that nmake
economic valuation difficult:
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gystem boundaries. Most wetland valuation work to date has
assumed a fixed boundary around the wetland ecosystem. This
may be reascnable for wvaluation 1in terms of ecosystem
protection for conservation, but the agroecosystem boundary is
wider. As the previous sections have emphasized, patches exist -
within wider landscapes and their wvalue is realised only in
relation to other topland resources. There is a dynanic
interaction in the economic system between topland and
bottomland (in agriculture, livestock production etc.).
Economic wvaluation of the wetland resource in Ilsiolation is
therefore misleading - the bottomland area may be Key to the
whole production system {by providing, for instance, critical
dry season fodder for livesteck), but on 1its own may be
ingignificant (for instance, being too wet tc provide fodder
in the rainy season).

Varjations in time. The value of bottomliand rescurces has been
shown to be important in a temporal context. Patchy resources
may provide agricultural land or livestock fedder at critical.
times within a season or during drought periods or stages of a
climatic cycle. when rainfall is low. This presents problems.
for economic analysis which takes a static approach to value..
Patchy wetlands are not egually valuable all the time. Value
needs to be considered over time (eg. a discounted flow that
takes into account expected interannual variations in value).

Sustainability. WVariations in value over time mean that at
some times (eg. dry season, drowpght years), the resource is
vital for overall system sustainability. Without the rescurce
the shocks or stresses imposed by a drought may be devastating
{eg. large scale cattle mortality, lack of food or income for
cultivators). There is a good argument for wvaluing patchy
resources in terms of their role at these times, if
sustainability is a concern. An average, discounted flow may
not take this into account.

Complexity. The ecological functions of hoettomland areas are

complex &and open to scientific debate (zee Part 23,

Interactions of topography, soil processes and hydrology are
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often site specific and difficult +to unravel. This also
appiiea to the complex catchment interactions between topland
and bottomland areas. The lack of knowledge and consensus on

the biophysical processes of bottomland areas makes valuations
of these functions partieularly difficult.

6.2. Dambos in Zimbalwe: a case of economic assessment

The value of a resource can be divided into three categories -
direct use, indirect use and non-use (Barbier, 1989).
Different activities, functlonz and attributes can be azssezzead
econcmically far each of these different categories. Drawing
on the discussions in previous chaptersz of this report, an

attempt at providing a framework for valuatlon iz made helow.

Direct use value

Agricuiture. Marketed prices for agricultural outputs can be
estimated. However the price allocated should not be the
average seasional price offerad by the state marketing
authority, but the potential price received for lecal
marketing to gain high pre-season prices. This is particularly
the case for products such as vegetables and groundnuts which
have a variable seascnal price and local markets in Zimbabwe.
Vaiue also changes interannually with wvariations in rainfall.
The relative contributions of topland and bottomland crops may
be & relevant consideration, s=ince in drought years the
bottomland wetland area may contribute a higher propertion to
overall production and so sustain livellhoods +through a
drought period {see chapter 2).

Livestock. Since livestock move between topland and bottomland
araeas through the vyear a total system wview of economic
assessment needs to be taken. There is little value in sinply
working out the stocking rate in the dry season on the
bottomland area (say, =zll cattle surviving for three months)
and then suggesting that the wvalue from livestock is simply a
proportion of the total value. An opportunity cost approach is
more relevant. It is necessary to ask: what would be the cost
of sustaining the livestock through the dry season without the
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use of the damboc areas? A comparison with a large scale
commercial ranch may provide some insight. In these areas,
because of supplementary feeding and extensive land areas, the
dambo sites are little uzed (zee chapter 3). The cost of extra
land plus supplementary feeding for the total herd would
represent the opportunity cost of not having a dambo qrazing
réesource. Thiz would cbhviously be highest in a drought year
and would represent the cost of movement (trucking herds to
other parit=s of the country, as some ranchere do in the drier
areas). These alternatives are of course hypothetical for the
communal area farmer - extra land, trucking animals in
drought and supplementary feeding are options not available,
The opportunity cost of not having access to danbo grazing
wold represent the cost of increased livestock mortality.

Woodland., In the dambo areas of Zimbabwe, the woodland
resource is - insignificant as waterlogging prevents tree
egtablishment. However the few trees that do exist may be
highly waluable, in part for thelr existential and cultural
values (seé below). The large Figus spp. found in these areas
aré also important providers of fruit, while socme Acacia spp.
that encroach can be harvested for wood or used as browse.
Since the wood resource iz relatively static in production
levels {except for variations in inter-annual frulting
patterns), the wvaluation of woodland rescurces is
comparatively easy. This would reguire the allocation of local
market prices for firewood, or assessment of replacement cost
values.

Fishing. Fishing in dambos is a marginal activity, only
available to those who have constructed pond areas (see
chapter 2}, however it may be a potential value in such aresas
and so should not be igneored. Valuation would entail getting

estimates of production over time.
Reeds /grasses. Production of reeds and grasses is also another

rezouroe that iz harveszted for direct use in ZFimbabwean
dambos. aAgaln the production variability over time of these-
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resources is significant. The waluation would have to he
based on the net valus of baskets, mats etc derived from damba
reeds and grasses.

Water supnlies. Dambos are important water rasourceg and the
site of many seasonal and perennial wells, The walue of this
resource will be difficult to assess as it has no market
value. The costs of additional time walking {again 4ifficult
to value) fte alternative water supplies would be ohe route to
valuation.

Overall direct use values have been assessed in terms of the
inpact of dambo ownership on welfare. Theisen (1976) found
that dambo ownership was correlated with a range of welfare
factors. These included: child nutrition, child mortality a&nd
educational levels. Zone welfare factors have only ™ an
indirect link with dambo ownership, others are more direct.

Theigen argued convincingly for the high direct use value of

the dambo rtresource, stating that without the dambog: "first =

the cattle will #ie, then the children. .

Indirect use values
Thase wvalues relate to the eceological functions of the dambo.
It i= here that much debate remains. Ecological functions that
have bsan claimed for dambosz include: .-
- Water storage
- Regulation of base stream £low

- Soil dsposition sink or transition zone

Howevelr as chapter 5 and Part 2 show, these functions are far
from clear. For instance, for a long time it was helieved that
the dambo acted as a ‘sponge’, storing water and so regulating
stream base flow. Research disputes this, pointing to the
importance of the catchment area as the main acuifer and a
conplex role of the dambe in affecting base flow (Hough, 1984,
Bullock, 1938). Site gpecific differencezs alsce confound any
generaliged ecclogical principles.
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We are Ffar from a clear understanding of ecological processes
in dambos. This means that economic valuation of ecoleogical
function would be premature. However conservaticnists have
argusd in the past that the value of these ecological
functions must be high (on the basis of little knowledge; more
conviction) and so this must Justify the costs of
praservation. This was the basic rationale {although nat
stated in the terminolaogy of environmental ecohonics) of the
legislation imposed in Zimbabwe from the early 1940s (see
chapter 2: Part 3.

Hon-use values
The case study from Zimbabwe (Part 3) shows how dambo areas
“are often walued locally as sites of fspirit ownership‘.
Dambog thus have important, but unquantifiable, non-use valuss

within the cultural~political-religious domain.
6.3. The opportunity cost of preservation

The opportunity cost of preservation measures, as advocated by
the Zimbabwe gowvernment in the past, is clearly high. This. is
dencnstrated by the digcussion of. direct costs above and the
previous sections of this report that have explored the value
of dambos for agriculture and livestock in some more detail.
The opportunity cost of preservation weould include: -

- Income foregone from direct uses (agriculture, livestock,
woodlarnd, fishing, grass/reeds etc.).

- System level inpacts: loss of a Key rescurce would put
pressure on other areas in order to sustain the system in
pericds when the dambo areas were critical. Fﬁr instance
the removal of dambos from agriculture resulied, during
the 1940z-50z, in an extensification of cropland on the
topland areas. This carried its own costz. The removal of
dambos from grazing in the 1%50s and 1960s (see Part 3),
rezaulted in increased pressure on the topland aresas. Again
this carried itz own costs,' both in terms of economic
losses from the livestock sector (reduced production
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level, increased mortality in drought etec) and in terms of
environmental impacts (increased concentrations of animals
on the poor topland s0ils, resulting in heightened soil
erosion).

In the case of such key rescurces as dambos, there is a strong
argument for continued direct use (because of high wvalue),
pending the full waluation of the system (especially further
studies of ecological functions). The opportunity cost of
preservation is so high that preservation is not a legitimate
Toute. However because the costs of degradetion are high {ie
the costs of loss of direct use values}), there is also a good
arqument for taking a precautionary stance and investing in
measures that reduce the likelihoveod of degradation (ie losses
in direct use wvalue or damage to ecolegical functions).

The Department of Natural Rescurces of Zimbabwe {the executor
of envirconmental legislation) is in some respects moving away
from a complete preservationist stance (especially in respect
of agriculture), towards a more sustainable use approach.
However because of the uncertainties that still surround
ecological functions,the parameters for sustainable use still
remain uncertain., Currently being investigated are issues of:

- Catchment planning: size of catchment needed to support
x ha of dambo cultiwvation

- FProportions of dambo to be cultivated

-~ Ridging and cultivation systens

- Grass planting for secil conservation and Fodder.

The conseguience is that the ‘precautionary’ appreoach is
interpreted as one that allows use only wunder particular
circunstances {ie i1f a farmer manages to circumvent a barrage
of form filling and government approvals). This misses the
opportunities to capitalise on the experimental initiatives in
sustainable use demonstrated by farmers themselves {szes
chapter 27 Maseko =t al, 1288).
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6.4. Applications of economic wvaluation

Despite the remaining uncertainties, an economic framework
providaes a base on which to assess potential options. It also
points ko fukure scientific research needs. The application of
an economic framework for wetland wvaluaticoh can be used in a
variety of contexts:

- Estimating the downstream costs of dam/irrigation
development (eg. Marchand, 1987, Kimmage and Adams, 1990,
Adams and Hollis, 1989, Skinner, 192590).

-~ Estimating the wvalue of patches within landscapes and the
potential econcmic impact of land acguisition (by farmers
from pastoralists, or by large scale commercial production

from farmers or pastoralists, Lane, 19%%C).

~ Estimating the opportunity costs of preservation (Barbier,
199407,

The economics of degradation
Taking an economic perspective to dryland degradation, Dixon
et al (198%2) 2um up the implications of an economic approach
fo assessing degradation:
nIn some cases, it will not be worthwhiile to invest in
rehabilitation, even if the land subsegquenily does become
irreversibly degraded. If the costs of protection outweigh
the potential benefits, it may not pay te prevent further
damage. Policies should not be based simply on reversing
ar arresting degradation itself, but rather on making the
best economic use of resources avallable... The choice of
which lands to rehabilitate, which lands to protect from
further degradation and which lands te allow to degrade is

a key issue in the development and management of dryland
areas."

The costs of measures to avert losses in productivity through
degradation of bottomland areas are probably good investments,
since the opportunity costs of losing bottomland patches
through ercsicon or other degradation processes is high. There
may be less of a case for ilnvesting in conservation measures

on the topland areas, unless neasures in such areas could be
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demonstrated to significantly improve overall systen
productivity (eg through catchment impacts on bottomiand
production}). The costs of éxcluding use of bottomland areas in
the name of conservation (as has been the policy in Zimbabwe)
may be large, acting to undermine the system’s productivity.
Sustainable use, rather than conservation through preservation
is clearly the best economic strategy, with interventions
geared to increase production without degrading the resource
base.
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7. MANAGEMENT OF PHYSICAY RESOURCES

The management requirements for sustainable use of patchy
wetlands will vary from =ite to site. This chapter is not
intended to provide a conprehensive prescription of
management guidelines. Local level assessment with farmers
will be necessary in each case. Here a very brief summary of
some o©f the problems and opportunities documented in the
literature will be reviewed.

7.1. Soil and water msanagement

Catchment aassessments, How much of a wetland patoh iz it

fgsafe’ to cultivate? What size of catchment is needed to
support sustainable bottomland agriculture? DRU (1987) suggest
gome pasic rules of thumb on the basis of a model of catchment
hydrology and dambo use in Zimbabwe high veld.

Zoning. Which portions of a bottomland patch can be used for
cropping? At what times of year? There are severe limitatiocns
of making general recommendations, as local variability will
make them inapplicable in many instances. A generalised land
suitability classification alse runs the danger of heing
applied to literally in extension recommendations. There i= a
need to develop recommendations on the basis of local
analysls. The type of diagnostic process discussed in section
£.1. would be an appropriate route for deciding on an
appropriate zonation suited to leocal circumstance. The
generalised recommendations and studies should be used as
baselines against which to judge locally specific needs and
potentials for use.

Ridging and contouring. The construction of bunds along the

contour ig a ptandard extension recommendation in mﬁny parts
of Africa. The probleﬁ with contour ridging in wetland areas
is the control of surface flow withowt effective spillways and
storm drains., This is why in the past Zimbabwean dambo farmers
opted for ridging off the contour or even down the contour
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(see Part 3) to avoid the dangers of direct cbstruction of
water flow, breaching and gully erosion. Many different forms
of ridging and mounding are obsServed in bottomland areas in
Africa. Design according to leccal conditions is a
prereqgquisite., A siwplistic insistence on one type of ridging
may cause problems.

Water harvesting. The construction of small ridges is widely

used as a methed of water harvesting or spreading in
bottomland areas (Reij et al, 19288; Hudson, 1987). Thiz has
been practiszed in such places as the Kegev for many centuries
(Evanari et al, 1%82). Various types o¢f structure are
obaerved. Figure 7.1. shows a selection of a range of almost
infinite wariety. The diagrams show examnples from wadi
systems in Sudan and valley bottomland (bas fond) in Burkina

Faso. Each water harvesting system has a common aim:

- %o capture run-off water from the surrounding topland and
from surface flow along the wvalley.

- to slow the flow and allow infiltration for longer term
storage or to spread the water to areas which would not
otherwise benefit from flooding.

Various forms of structure are possible:

- Splid dike/ridge (digue/diguette deversante)}: These ridges
are aimed at diverting water flows, either spreading it
ogut or channelling it to a subsedquent set of dikes. The
impermeable ridge will hold water behind it thus allowing
infiltration into the so0ll (see ERochette, 1983; Berton,
1988; Reij et al, 1988; Critchley, 1987).

- Permeable dike/ridge (digue/diguette filtrante): These
ridges have a similar function. However the impermeable
nature of the structure allows through-flow of water.

Thare is therefore lesee need for spillways and storm
drains (see Rochette, 1988; Berton, 1983, Reij at al,
1988; Critchley, 1987).
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Figure 7.1%1:

areas {from Critchley, 1987; Berton,
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- Conto sSea = rrow=s: Canals draw water from the
central stream of the dambo and follow the contour through
to the dambo margin. The Furrows are level so water moves
through seepade (or when drawn out by irrigation). The
furrows are aimed at distributing water out to the dambo
edge during the dry season when the seepage zone begins to
dry out. The seepage along the furrow also results in
replenishment of water reserves in other parts of the

dambo. These have been eyxperimented ‘with  in Zambia
(Hindson, 1977 reparted by Ferreira (1976¢) and Acres et
al, 1985)

DRamg and pools

The constructicn of small dams and the digging of artificial
poels is another form of water harvesting common in bottomland
areas (Rochette, 19$88; Berton, 1988). A number of options are
open (see Figure 7.2):

- Earth dam

- Concretbe/reinforced dam

- Welr

- Sub-surface dam

- HNatural pond

~ Lined pond
Figure 7.2 illustrates various basic designs of dam and pond.
Chapter 2 showed how the construction of a dambo pond had
assisted in the conservation of water and increased potential
for small scale irrigation on a small farm in Zimbabwe. Many

other examples exisf (see chapter 2), but the principles are
the same.

Labour requirements for water harvesting/storage technologies
are a Xkey issue to consider. Only in certain clrcumstances
will it become worthwhile for farmers to invest laheour in
construction and maintenance ©of structures. This will
particularly occur in areas of high population density and
under ceonditions of high resource scarcity.
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Figure 7.2:
{from Berton,
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7.2. MAgricultural field management

Case studies of agricultﬁral. use of Dpottomland areas

demonstrates the need for fine-tuned management practices.
Varicus izsues are highlighted:

Water management. Waterlogging in bottomland areas may
restrict agricultural producticon 1in some cases. Some
researchers have advocated drainage of dambo areas in southern
Africa, but this may result in problems of gullying. Ensuring
water flows to encourage aeration is known to be important in
maize c¢cultivation (Grant, 1974). Rice cultivation in
bottomland areas requires complex saystems of water control
(S8ilva, 1984; Buddenhagen and Persley, 1978}.

Commenting on the technigue of growing swamp rice on dambos in

the Tabora region of Tanzania, Acres et al {1985: 79) note:
"fhere there 1s high pressure on the land, intricate
systems of water distribution have evolved; water is
storaed in dammed reservolirs or by trapping runoff in ponds
or from shallow wells in the =seepage zones, and led from
on paddy to ancther. Individual water rights and the

sharing water sources becomes the =subject of - complex
arrangements .,

Small scale irrigation is a common feature of hottomland areas
fadams and Carter, 1287%}. Shadouf systems and well and bucket
systems are mnost common. However with increasing
commercialisation of market gardening farmers are increasingly
investing in motorised pumps (eg. in the fadamas of northern
Higeria, in the wadis of western Sudan). The impact on water

tables of this increased level of extraction iz unknown.

Lambert (1990} advocates an intermediaté level of technology
which is affordable by a wider group of people and avoids the
danger of over-extraction and water wastage. The rope washer
punmp has proved successful in the development of ﬁegetable
Qardening in dambosg in Zinhabwe.
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Soll management. Variations in seil nutrients, trace elements
or pH may require adjustments to existing soll properties to
ensure - effective production. Dougnac (1987) reports the
conplexities of dambo management in Zambia, Variations over
small areas, due Lo different lewvels of waterlogging, may
require highly fine-tuned management. Simple recommendation
packages for soil management are therefore difficult to evolve

in this type of enviranment.
7.3. Grazing management

Grazing gschemes. Development of mnanagement systems based on
existing practices 1s vital for success. The system of reserve
grazing on dambo areas practised by the Sukuma in Tanzania has
been well documented (eg. Malcom, 1953). The regulation of use
of such areas and reservation for dry season grazing is
central to the strategy. The potential for working with such a
system as the basis for effective coumunal grazing management
at a village level has been commented on for some time:

".. a wvaluable foundation . on which +to build such

inprovenents (grazing schemes) as- may be necessary to

provide an adequate regime for pasture  improvement on a
wide scale." {Malcom, 1953: 77)

", .although population pressure is high and increasing, it
is possible to set aside and control these [dambo] grazing
reserves and to exclude catile form other villages. The
foundations now exist for a considerable breakthrough in
the managament and improvement of dambo grassliands.?
{Adcres et al, 1985: 83)

Many proposed grazing management schemes in Africa do nobt take
into account exiszting management systems and the patchy nature
of the grazing rescurce. Too often grids are imposed on
variable landscapes without the acknowledgement of spatial
variation and temporal differences in use patterns {Scoones,
1990).

Danbko grazing, because of its high value and its central place
in existing grazing strategies, is likely to be the focal
- point for the  evolution of any successful common property

management strategy for grazing use in savanna areas. 3uch an
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approach would likely have a number of inter-related

components:

Secure tenure over key resource areas.

Rules for use and exclusion, based on existing practice

and local definitions of ‘community’.

Reservation of fodder for drought/dry season/milch
cow/draft oxen use - a natural fodder bank (depending on
local priorities).

Regulation .of use to maximise production (eg. this may
mean light grazing the wet season to sustain green growth
inte the dry season).

Regulation of grazing to provide other products (eg
thatching grass, reeds ete.}.

Regulation of wuse to reduce dangers of environmental
damage (ie restricting heavy use of wet aresas).

Bottomland key rescurce grazing areas are thus a potential

focus for grazing and livestock development:

for the development of more gecure tenure arrangements for
pastoralists.

for the organisation of pastoral associations or community

level grazing schemes for common property management.

for specific production related interventions (eg.
supplemaentary feeding of zelect animals).

for environmental management, focusing on the protection
of the most wvaluable resource.

for the management of herds during crisis periods - egq.
droughts.
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Burping. Excessive burning may result in the elimination of
important perennial grasses. However without burning on
sour’ /wet bottomland grazing areas, the grass remains
unpalatable and of poor gquality. In Zambia it is recommended
that burning be only carried out on sour dambos at intervals
of 2-3 years (Ferreira, 197}.

Fodder legumes, Experiments with the introduction of fodder

legumes into dambo grazing to improve its quality have been
carried out at Grasslands research station in Zimbabwe
{Rattray and Fitt, 1%47). Resulits were disappointing on the
whole., Some commentators recommended heavy grazing prior to
introduction as the legqumes tried (eg Paspalpun sp.) were
more effective competitors in a drier, sharter sward length
dambo environment. Some research 1s still ongeoing in this
area. However for most cases introduction of legumes will not

prove worthwhile.

Regearch carried out in western Kenva (Gosnell, 1963; Gosnell
and Weiss, 1965) recommended the introduction. of Naplier .grass,
Pepnnissteum purpureum as the preferred species. These trials
also recommended fertiliser applications. This is clearly not

possible in most situations.

The form of management of soll, water or grazing that is
appropriate will be dependent on 1local circumstances,
Approaches for investigating patch use within agroecosystens

are explored in the next chapter.
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8. TMPLICATIONS FOR RESEARCH AND EXTENSION
8.1. Understanding agroecosSystems

2 central theme running through the previcus discussions has
been the need to understand activities in a system’s context.
Interactions Lketween topland and bottomland, between
agriculture and pastoralism and between ecological processes
and economic activities are critical in understanding the role
of patches within wider systems. This is not a new revelation,
but the inplicaticons of understanding complexity and
interaction within agroecosystems has mnot been fully
appreciated in the approaches to policy formulation for
developnent.

The case studies presented in this report demonstrate a clear
need for:

|

miltidisciplinary perspectives..

- understanding systems from local viewpoints.

- examining trade-cffs between propertiesz such as
productivity, stability, sustainability and eguity.

- exploring ecoleogical and economic interactions between
different parts of the landscape.

~ understanding rescurce use and wvalue 1in a temporal

gontext, taking account of seaponal and inter-annual
variations.

Rezearch and developnent methods often lack theze
perspectives. They often take a sztatic wview, concentrate on
productivity to the exclusion of other factors, ignore aspects
of equity (eg land tenure rights), and lack participation of
local people in the conduct of research and the design of

development interventions.
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This section will concentrate on two case studies that offer

components for an alternative approach.

Case 1: Understanding the local s=situation: the willage of
Bidi, Yatenga, Burkina Pazo {from Berton, 1988, annex IV).

A survey carried out in 1986 in Burkina Faso found that 30 of
49 projects dealing with the development of bas fond areas
were initiated without a preliminary diagnostic survey.
Studies that were . carried out tended to concentrate on
technical issues without Iintegrating agro-ecological and
socioeconomic dimensions. Problems thus arose in the evolution
cf the projegts in relation to tenure conflicts,
commercialisation and marketing and water managenent.

The respeonse teo this problem was to suggest a system of
diagnosis that would encompass principles of a systems view
and facilitate local participation. This is summarised in
terms of nine steps for developing a programme. of action:

- Understanding and analysing the demand

- Studying and analysing the local situatiaon

- Deternining the objectives

- Determining the type of intervention adapted to the local
situation _

~ Checking the logal site

- Choosing the appropriate techneology design

- Carrying out technical studies

- Assessing the consequences for management

- Organising and preparing action

The pfocess of local diagnosis, to understand the role of the
bas fond in the context of the wider farming.and livestock
system, is carried out by a team in interaction with local
farmers. A series of diagrams are drawn up that illustrate the

various issues.
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From the Bidl village case a series of maps and transects were
drawn up (ficure B.1). The=se are related to data derived fron
secondary sources on: human populations, rainfall, soil and

geology.

This general picture of the local situation providez a series
of hypotheses. Conclusions arising from the first appraisal
included:
"rthe dry =eason extension of agricultural activities for
farmers (gardening, orchards) should pose a labour
shortage problem. During the rainy season, on the other
hand, +the supply o©of Ilabour saturates fast, and it is

therefore important te be sure of Ffuture labour supply
bafore planning any activities in the bas fonds.®

"The conflict of interest between farmers and pastoralists
in Bidi demands that each group’s peoint of view be taken
into account at the design and planning stage.®

Further discussions with the local gpopulation derives nora
hypotheses on local needs and potential management o
technology options. The appraiszal concluded that the
constructicn of a small pond cleose to the village would assist
water supplies. Swall scale damming of water flows in the bas
fond area would also assist in spreading water flows and
increasing water retention, allowing dry season gardening up
to April. In this case, it was thought that dike structures
would not be appropriate, as these would not allow water

retention to such an extent.

Case 2: Zvishavane Water Project, Zimbabwe (ZWP, 1989; Maseko
et al, 1988)

The gvishavane water project have taken a similar approach in
community level assegsment of potential of dambo cultivation
in dryland Zinbabwe. The project combines a pumber of
approaches:

- Group workshops

- Interacting with individuals

- Ehort appraisals
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Agroecosystem appraisals

Figure 2.3: Bidi village appraisal
Burkina Fase {map and transect)
in pPerton (1938).
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Group workshops act as a focus for discussion on the processes
of s0il erosion, hydrology and usage. These allow the
exploration of site specific issues of mnmanagement and a
potential for investigating possible interventions in dambo
management. Interviews with individuals continue this process
and provide the Key peoint of interaction between project
community workers and farmers experimenting with water
resource developerent in dambo areas. Short appraisals can be
used to focus on particular issues. For instance, an appraisal
carried out by the Department of Natural Resources research
staff in collaboration with the ZWP team focused on dambo use
and land degradation. Diagrams were produced and analysed;
thasa included simple maps and transects drawn with farmers., A
seasonal calendar diagram illustrated the interaction bhetween
local patterns of water availability and the sequencing of
cropping and livestock use. Examples of outputs from such
short appraisals are illustrated in Figqure 2.2 (see also
chapter 2, figure 2.4).

Maseko et al (1988) comment on the group meeting/seminar
approach which has become a central component of the project’s
working method:

"he directicon in group mesting methodology is towards
developing with the farmers an understanding of the
hydrology and the soil of partioular wetlands within that
area. A model is thus developed for discussing potential
land-use innovations. This provides a base-line agreement
of the issues and options for specific extension at local
sites. Working in groups enables the cross-checking of
information and ideas. Farmers often dispute issues with
each other and this deepens thelr understanding of the
complexity of the system. Farmer knowledge, like science,
includes disagreement, .debate and uncertainty.... The
research meetings played several interacting roles: they
directed us to new development options provided by the
local knowledoe, stimulated farmers to implement thelr own
projects and promoted the diffusion of ideas." (Maseko et
al, loge: 19) '

The various methods highlighted in these two case studies are
typical of +the range of potential research approaches
developed under the umbrella terms of ‘rapid rural appraisal’
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and ‘agroecosystems analysis’ (see McCracken et al, 1988).
They combine a number of key advantages:

- a systems approach integrating perspectives

- participatory diagnosis with farmers

=  simple technigues usable by field workers

- cost-effective technigues

= timely information for adaptive planning

Section 8.3 returns to this theme arguing further for the
need for a policy chande 1in research approaches and
development planning.

B.2. EResecarch and extensian approaches

Scale

This review has highlighted a scale of land use intermediate
betwaen the individual field plot and the whole farm systen.
A nested hierarchy of =scales are relevant to farmers, as
fields are parts of wider systems organised hierarchically
(Conway, 1985). Howevar research has tended te focus on the
extreme ends of this spectrum. The agronomist deals with field
level issues and +the land-use planner with wider =scale
gquestions. Wilken {21%87) notes:

"Most research has been limited at the technical level to

horizontal plant spacing and at the aggregate level to
optinmum farm size and economies of scale..”

This review has explained the role of patches, of different
sizes, that exist within agricultural and pastoral landscapes.
An appreciation of scale, at a -resolution appropriate to
farmers’ perceptions, is needed to recognise the importance of
such patches. A plot focussed approach to researdh,
concéntrating on crop experiments or -soil loss, may mniss
landscape level processes. For instance, differences in crop
performance in different microenvironments and patches, or
s0il erosion studies that include an understanding of -soil
movement between scurce, transition and sgink sites. At the
other end of the spectrum, large scale land-use mapping may
miss the detailed differentiation 1in catenas ang
microenvirconments that farmers make use of.
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The scale of investigation for appropriate resgearch needs +to
be geared towards the scale of use within the farming systen.
In dryland agriculture, this varies from micro-level
adjustments at the field level toc macro-level use patterns of
different landscape patches (see chapter 2).  In pastoral
asyatems, appropriate scale similarly varies between mnicro-
level =election (eg of plant parts) to utilisation over wider
spatial scales. As with agriculture, pastoral use varies over

timé, with both seasonal and interannual adjustments of scale.

This is not an argument for the abandonment of either micro-
or macro-level investigations, but ‘an argunent: for the
consideration of scale lssues in the design of research, so
that patch use becomes explicitly recognised.

Time frames _
Most experimental work in agriculitural and livestock research
is restricted to a few seasons (or until the research grant -

runs out, whichever is soconer). The time scale over which -

conventional research 1is carried out is inadequate +to ..

understand longer term dynamics so 'impnrtant Yo farming
systems in Afrieca‘s drylands. For instance, experiments
carried out in a dry (or wet) phase of & climate cycle may be
taken up as basic recommendations, but ke highly misleading

umder changed climatic eircumstance.

There is a need to gain a time perspective on issues relating
to farming systems in the drylands., One route to getting this
insight is through the pecple who have lived through change.
Exploring eccloglical and ecological dynamics with local people
can be particularly revealing. This may have to be
complemented by longer term menitering and modelling
approaches that can incorporate the necessary time dimension..

Complexity and diversity
Experimental plots need to bhe similar to allow statistical
comparison. Experimental stations +try to ensure relative
uniformity. For instance, the ICRISAT complex in India was
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levelled to eliminate microvariations before experimentations
started (Chambers; 1990). Farmers’ fields are not like this.
As the discussions ¢f the previous chapters have shown,
through numerous examples, the advantages of patches come from
their difference from the asurrounding landscape and the
opportunity of exploiting a diverse and complex agroecosystem.

Complexity presents serious problems for statistical design of
formal experimentation. The reason this review has not been
able to report detailed agronomic results of long term trials
ig partly because researchers, in need of a simple trial to
give ‘publishable’ results, avoid complex environments. In so
deoing, they avoid farmers’ reallty. Chambers (1990) comments:

"Microenvironments are offten unattractive +to
professionals. The complexity, diversity and ‘untidiness‘
of many microenvironments, their non-linear shapes and
irregular - surfaces, do not lend themselves to agrononic
trials, measurement, mechanisation or major capital
inputs.”

Local knnwledge and experimentation
An alternative approach to field research has been advocated
that:emphasisea local knowledge and experimentation, This has
been variously termed: ‘farmer back to farmer (Rhoades and
Booth, 1982), farmer participatory research (Farripgton and
Martin, 1988), and farmer first (Chambers et al, 1929).

These new approaches to agricultural development are of
particular relevance to the development of patchy resources
Chambers (1990) comments on the advantages of farmers

researching and innovating in micrcenvirormments generally:

"Farmers have several comparative advantages [in contrast
to formal research scientists]. They are constrained
neither by an inflexible experimental design nor by the
simplifications demanded by reducticonist statistical
methods. They do not suffer from the sclentists’f
relatively short time horizons... They can manage the
conplexities of simultanecus land shaping, concentration
of acil, water =and nuirients and seguential changes as
trees and other plants grow. They can adapt what they do
to diverse and irregular topography, climatic and social
conditions. They can plant complicated mixtures of plants
and can place plants individually to exploit tiny pockets
of fertility or protection."
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Understanding agroecosystems for the local perspective (see
section 2.1) is a wital prgréquisite for eflfective research
and development in dryland environments. The evolution of

appropriate methods for rfarmer-led research and extension is
an important challenge for the future.

8.3. The implications for the future

The most impeortant themes of this review can be briefly
sumtarised;

- Clear tenure rights to key patch rescurces.

A4 major issue for the future is to explore ways of
effectively sSecuring land rights for wvaluable Kkey
resources. This will reguire a closer examination of the
relatlionships beltween tenure systems and ecological
patterning (IIED, 199203, Important guestions include:

How do land tenure institutions relate to key bottomland
regources”?

- What rules and regulations concerning use exist? How are
conflicts of interest (between pastoralists and farmers
or amongst farmers) resolved? _

"= Who has access? What are the eguity implications of
increasingly intensive use of key resources?

- What are the implications o©of Iincreases in land and
population pressure on key rescurces use? What astrains

does this put on land management and control
ingtitutions?

- What are the necessary legal requirements teo secure land
rights in different contexts?

107



adppropriate economic assessment of the value of patches
within livelihood systems.

currently, lack of information on use values (direct and
indirect} nakes cuantitative valuation difficult. However
the provision of a framework for eccnomic agsessment
points to areas where gaps in knowledge need to be filled.
Information on direct use values can be derived from the
type of agroecosystem appraisals discussed in section 8.1.
Indirect use wvalues of ecological function remain more
problematic. Technical debates over hydrelegy, soil
processes continue unresclved. This means that attempts at
economic wvaluation remain premature. It is likely that
ecological functions will be highly site specific and a
single, simple technical model that can be translated into
economic wvalue terms will continue to evade researchers
(see Part Z).

‘A’ more appropriate route will be to describe a series of
potential ecological ‘models’, based on generalised
knowledge of catchment processes in different types of
bottomland resource. These. c¢an be used as baselines
against which it will be possible to set local knowledge
about ecological process and value. As the group workshops
of the ZWP {abowve) have demonstrated, local people are
well aware of progesses of hydrology, pedology and
ecology. Causal explanations may be derived from a
different framework of understanding, but local
observation iz detailed, can cope with local complexity
and haz a time dinension rarely awvailable £from
racientific’ studies.

Recognising the high wvalue of patchy resources provides

the basis for more effective 1inputs into economic
asgassmant procedures.
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Appraisals that encompass a systems view, understanding
the role of patches within the agroecosystem (eq.
ecological and economic interactions between topland and
bottomland).

Development that encourages a participatory approach:
design of interventions based on local level analysis and
dialogue.

Research and extension that capitalises upon locail
innovation and experimentation of patch use,
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The Drylands Programme at I[IED was established in 1988 to -
promote sustainable rural development in Africa’s arid and
semi-arid regions. The Programme acts as a centre for research,
information exchange and sapport to peeple and institutions '
working in dryland Africa.

The main fields of activity are:

® Networking between researchers, local organisations,
development agents and policy makers. Networks help
exchange ideas, information and technigues for lunger term
solutions for Africa's arid lands.

® Support to local organisations and researchers to encourage
sharing of experience and ideas, capacity building and
establishing collaborative links,

# Action-oriented research in the practice and policy of
sustainable development in Africa’s drylands, focusing on the
variability of resources and incommes on which poputations
depend, development-oriented research methodologies, and
natural resonrce management systemns.
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