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Rasaarch Cooperation with Developing countries (SAREC) and was
coordinated by IIED, London. The review is & collaborative
affort, drawing on the wide experience of researchers based in

Eurcpe and Africa.

The review iz in three parts and is aimed at providing a breoad
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
extensionigts. The review aims to map cut the key issues and
suggasts a new way of interpreting savanna agroacosystems with
important implications for future directions in agricultural
and pastoral development in drylands areas.

Part 1 by Ian Scoones: Overview - ecological, economic and
social issues.

The overview provides an introcduction to the case studies
(part 3) and the detailed assessment cof biophysical aspects
{part 2). It attempts to highlight key issues that run through
all analyses of  patch use within dryvland agroecosystens.
Bottomland agriculture and pastoral systems are investigated
with a series of case studies. OQuestions of environmental
degradation, land tenure and apprnprlate 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 of soil and water processes examines the literature
on soil processes by looking at interactions between fTopland
and bottomland in soil formation and movement. Bottomland
wetland areas are placed in a landscape context by reviewing
catchmnent level processes. In situ so0il and hydrological
factors are also examined. Part 2 concludes with an assessmnent
of the potential impact of land use change on patchy wetland

areas.
Part 3; Case studies

Part 3a by Are Kolawole: Economics and management of fadama in
Migeria.

Part 3b by Folkert Hottinga, Henk Peters and S3jecerd Zanen:
Potentials of bas-fonds in agropastoral develcpment in
Sanmatenga, Burkina Faso.



Part 3c by Mohammed Csman El Samanni: Wadis of North Kordofan -
presant roles and prospects for develcpment.

Part 34 by Zeremariam Fre: Xhor Baraka - a key rescurce in
Fastern Sudan and Eritrea.

Part 3e by Mimael Kokwe: The role of dambos in agricultural
develcpment in Zambia.

Part 2f by TIan Scoones and Ben Cousins: Key resources for
agriculture and grazing: the struggle for control over dambo
resources in Zimbabwe.
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Clossary of technical terms

aquic meoisture regime: implies a reducing regime that is
virtually free of dissolved oxygen because the scil is
saturated by water.

bhaseflow: flow derived form throughflow and from the water
table which flow laterally into stream channels .

Basement Conplex: basement comnplexX shields are areas of
Precambrian rocks which have remained rigid and associated
with acidic crystalline rocks.

catena: a sequence of s=soils derived from similar parent
material and occurring under similar climatic conditions, but
having different characteristics due to wvariation in drainage
and relief.

catlion exchange capacity: The sum totzal of exchangeable
cations that a so0il can adsorb. Expressed as milliequivalents
per 100gram=s of soil or clay.

clayveld: a term used to distinguish solls with relatively
high clay content.

colluvium: A& depesit of rock fragments and..soil.'ma;erial
accumulated at the base of steep slopes as a raswlt of
gravitational action.

evapotranspiration: The combhined loss of water from a-given
area and during a specified period of time by evaporation from
the scoil surface and by transpiration from plants. When the
moisture supply 18 unlimited +the term potential
evapotranspiration is used.

ferricrete: an indurated horizon cemented by iron oxides,
often with other sescuioxides (Mn, A1, Ti).

ferrolysis: cyelic process involving reduction of Fe oxides
during microbial decomposition of organic matter after water
saturation, followed by oxlidation of the exchangeable ferrous
ions produced.

ferruginocus: dencting rocks or mineral containing iren, often
resulting in a red celour.

Fergiallitic soils: a group of scoils whose clay minerals
consist predominantly of 1:1 lattice type and the clay
fracticon alsc contains free sgesquioxides (Eimbabwea
Classification?

gley soil: soil developed under <onditions cf poor drainage
resulting in reduction of iron and other elements and in grey
colours and mottles.
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groundwater: water that fills all the unblocked pores of
underlying material below the water tabkle, which is the upper
limit of saturation.

hydraunlic conductivity: an expression of the readiness with
which a liguid; such as water, flews through a soil in
response to a given potentizl.

hydromorphic so0ils: a suborder of soils all formed under
conditions of pocr drainage in wetlands.

infiltration rate: the rate &at which water enters the soil
under specified conditions.

inselberg: a steep rounded cutcrop, hill or mountain usualily
of granite or gneiss which stands out above a pediment {cf
kopije).

interfiuve: high ground between different drainage networks
{zf watershed and topland).

intergrade: a soil that possesses moderately well developed
distinguishing characteristics of two or more Soil groups.

laterite: an ill defined term used as a general term for any
horizon or formation consisting predominantly of hydrated iron.
and aluminium cxides. Formed by weathering under. tropical
conditions. especially on iron-rich . rocks. . In. this K sense .
inciludes plinthite and irconstone.

leaching: . the removal of material in scluticn from the soil.
miombo:- term used to describe Brachystegia-Isoberlinia-
Julbinardia dominated woodland extensive on plateau regiocns of

southern Africa.

montmorillonite: an aluminosilicate clay mineral with a 2:1
expanding crystal lattice,

mottling: patches of different colour or shades of <olour
interspersed with the dominant matri=x colour.

munga: woodland dominated by Acacia—-Combretum association
characteristic of basic rocks in southern Africa.

parent nmaterial: the unconsgoiidated and more or less
chemlcally weathered mineral or organic matter from which soil
is developed.

pediment: an erosiocnal pla:Ln ocf bedrock developed between
mountain and basin areas in arid =zones, may be covered by
alluvial or colluvial deposits.

redox: reduction-oxidation.
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regolith: the unconsolidated mantle of weathered rock and seil
material on the earthfs surface; loose earth materials above
s0lid rock. .

sandveld : a general +term used in scuthern Africa for sandy
solls developed on granitic rocks with characteristics of
soils developed con o©ld weathered surfaces subject to long
periads of leaching. '

sodic soil: a so0il that contains sufficient sodium to
interfere with the growth of most crep plants and in which the
ESP iz or more asolian: resulting from wind action.
throughflow: water which flows laterally in the scil layers.

Vertisol: s0ils high in swelling clays which crack widely upon
drying (USDA Scil Taxonomy, FAOQ Legend)

wadi: seasonal watercourse usually dry
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1 INTRODUCTION

Tt is the purpose of this review to discusg the soll-water
relationships of wetlands. Particular consideration is given
to the environmental processes active in the catchment which
influence the form and function cof wetlands, and therefore
their potential for, as well as their response to,
agricultural or livestock usage. '

In this review the general term "wetland" is used to cover the
range of inland wvalley landforms discussed in Part 1. These
generally occur at the headwater end of drainage systems in
level tc gently undulating areas which are remnant of ancient
planation surfaces {(Dalal-Clayton 1988). In braoad terms they
constitute elementary drainage systems as distinct from proper
fluviatile wvalleys in more downstream situations which have
different morphology, and hydrological and depositicnal
dynamics (Raunet 1985). They can be distincguished from other
wetiands with similar features such as fleedplains, alluvial
plains and pans which exhibit different morphology and channel
development; and from marshes and swamps that are permanently
waterlogged.

Because of <tThe diversity of inland valley <Types it is
difficulty to describe a typical wetland form or refine a
precise definition. One needs therefore to consider then in
terms of the processes (past and contempeorary) they respond
to. The emphasis of thigs discussion will thus bhe on reviawing
what is known about the soil and hydrological processes active
in wetland catchments, rather than concentrating on
definitions and descriptions. By locking at catchment
dynamics as opposed to status it is alsc easier to predict the
impact of change on wetlands either due to environmental
instability or human activities.

2 WETLANDS IR THE LANDSCAPE

2.1 Environmental factors controlling wetland existence and
digtribution

Most inland valley wetland types in Africa are associated with
stable planation surfaces consisting of undulating plains
with dominantly convex slopes. They tend to be restricted to
areas of low gradient (Thomas and Goudie 1985; aAcres et al
1985; Mackel 1985bh). In southern africa they are mainly a
feature of the Central African Plateau, as in Zimbabwe where
the low relief =and gentle river gradient of the ceantral
watershed regions Ffavour the formation of dambos (Wahitlow
1985). Figure 1 is a block diagram showing the features of a
typical dambo landscape in northern Zambia. In central
northern HNigeria the most favourable conditions for fadama
development are where conditions of stability have existed
over a long period as occur in the zone south of the
Kaduna/Kano divide (Turner 1985).



Figure 1: Block diagram of a typical dambo landscape in
northern Zambia (source: Acres et al, 1985} _
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The extent of landscape covered by dambos tends to be related
to geomorphic units and degree of plateau dissecticn. In
plateau regions in Zambia dambos have been described as
accounting for 5-15% (Mackel 1574) and 10% (Dalal-Clayton
1980) of the landscape compared to figures of 320% for the
granitic highwveld of Zimbabwe (Ratiray et al 1583). Average
sleope wvalues in the region of dambo occurrence in southern
Africa are between 0.5-2.5 degrees (Butzer 1976). As relative
relief increases dambos are Jgenerally uncommon or  more
localised; <onseguently they are not so mach a feature of
trangsitioen zones between planation surfaces (Acres et al
1985).

Certain environmental conditions are considered as
prerequisites to wetland maintenance and funciion. With
respect to hydroclogy, seasonal waterleogging is Ffundamental to
wetland maintenance. This is primarily due to climatic regime
but differences result due to geclogy, geomorphology, scoils,
vegetation and texture (Acres et al 1985; Whitlow 1280).
Bullock (1988) concludes that the hydrological factors that
promote development and maintenance of wetlands are the
concentration of precipitation both seasonally and within
storm events, promotion of lateral movement of water towards
the wvalley bhottom and inpedance of channel drainage.

In Turner’s (1985) opinion the existence of fadamas depends on
retention of moisture in the soils which is determined by two
major influences: the availability of moisture and the
meisture retaining capacity of the =soils. She found three
factors which have most influence on distribution of total and
perennial fadama in central northern HNigeria: climate/
‘wegetation factor (the length of the rainy season being the
most  important): depth of regolith/rate of ercsion; and
longitudinal gradient of the wvalley or depression.

2.2 Wetland position in the landscape

Although wetlands reviewed here are generally headwater or
valley bottom features found on lower =slopes, they can ocour
anywhere in the catchment where conditions allow either
surface water %o collect or groundwater to appreoach the
surface. Taking a broad definition, wetlands are not confired
to low lying landforms, they may cccur on higher parts of the
landscape like river terraces, footslopes and even tops of
hills, or where the land surface is level or depressional and
soils are heawvy textured and impervious {Van Diepen 19857
Kyuma 1985b). Figure 2 shows schematically how wetland sites
can develop at different points in the landscape in response
to different scurces of water.

whitlow (1580) points out that, depending on. rock type and
disposition, waterlogging may occur anywhere betwesen the
interfluve and valley bottom site with bedrock, clay horizons
and ferricrete all capable of modifying the situation of vlel
conditions on a slope. In Central Province, Malawi, Meadows
(1985) observed dambo develepment where the wel season rize in
water level intersects or lies close to the surface and
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therefore ldentified dambos in three situations: the watershed
sites where watersheds are smooth with little gradient so
water collects in the wet season; valley sites, where dambos
develop on sides of gently convex interfluves or along axial
drainage lines; and inselberg sites, where the runcff from
ingeliborgs collects at the foot, Whitlow (1985) describes
"perched" dambos as developing where a raised water table
occurs caused by the presence of impermeable subsocils in the
lower members of the soil catena.

A range of different wetland forms which have developed at
various positions in the landscape with varying
geomorphological and hydreological features have been
identified and described. In southern Africa two main Ganbo
forms are distinguished: '"headwater dambos®, which are
channelless and broad, found in the headwater zones of wvalleys
{these correspond to "headwater fadamas"™ as defined by Turner
{1985)); and "river dambos" which are the downward extensions
of headwater dambos on either side of the river (Garlick
1961:). Figure 1 shows the position of these two forms. In
Zimbabwe DRU (1987) describe the latter a= Ystream danbos"
which are adjacent to second and third order channels while
Turner {1985} identifies the larger "streamside fadamas" in
Nigeria which occur from the beginning of the stream channel
to the point where the flcedplain develops. In West Africa
Andriesse {1985) and Savvides (19281} distinguish "astreamfiow
valleyzs" formed: on apper parts of the catchment and the "river
overflow valleys" along smaller rivers.

Descriptions. of other. less . common dambo sites. are also
available. - Acres et al (1985) describe Vslope dambos", which
extend headward or laterally up valley sides and have steeper
slopes than headwater dambos; and "hanging dJdambos" ("“scarp
dambas"} which are perched above the escarpment on plateau

margins. "Residual dambos" were aobserved by DRU (1987) in
Zimbabwe, these are narrow and linear along first order stream
sides. "Flush" and "sand dune" damnbo types are identified in

Luapula Province, Zambia in addition to "upland®™, "wvalley",
and "hanging" types. (Dougnac 1987), while Turner (1935)
‘discusses "floodplain fadamas" which consist largely of
alluvial deposits and features.

In Western Zambia, "linear dambos" which occupy depressions
between parallel dunes in the residweal dune fields of the
Kalahari sands; and lohng wvalley dambos mantled by deep muck
deposits are found {Brammer and Clayton 1%73; Dalal-Clayton
1985, 1988). Linear peat £illed dambos are also described by
Whitlcw (1385) on Kalahari sands in Zimbabwe. Also in Western
Zambia seepage strips (known locally as litungs, see Part 3e),
which comprlse peat overlying sand, occur along the scarp at
the margin of the Barotse (Zambesi) floodplain (Verbcom and
Brunt 1970; Brammer and Clayton 1973). Other wetlands, Known
locally as dilungu, peculiar to the border areas between
zambria and Zaire, are unlike any other dambo described. They
can occur on (flat) interfluves or extend between interfluve
upper slopes and drainage lines and have been described as
rgatershed" dambos (Trapnell 19237, Dalal-Clayton et al 1985).




0Often a sequence in dambo development can be identified. In
Zimbabwe DRU (1987) describe a segquence of danbo types
through headwater, stream and residual which can be seen
moving down the wvalley from the watershegd. In the catchments=s
of the Northern Plateau of Nigeria, Turner (1985) also
describes a continuous succession from floodplain fadama,
threough stream=side with decreaszing amounts of alluvial
"material, to headwater fadama in which all material is of
colluvial or aeclian origin. Similarly Dalal-Clayton (1985,
1988) describes sequences of headwater dambos and river danbos
which are related to geomorphic units of increasing platean
dissection.

There are fewer references to wetland position in the
agroacological landscape. In the central watershed areas of
Zimbabwe dambos are assocliated with dry land fields= or rough
grazing land upslope, Figure 4 is a cross section showing the
agricultural and wvegetational zones ccommonly found in dasbo
catchments. Clearly wetlands are just one component of the
agricultural landscape, they are not used in isclation, bul as
part of the overall production system (gsae Part 1).

2.3 The seil landscape

Where there is a falrly regularly recurring pattern of
landscape norphology in an area of fairly uniform  parent:
material, there is generally a regularly cccurrihg sequences of
soils associated with it. This topographic segquence is called
a cvatena (Milne 22938) and wetland socils are generslly
considered to represent the bottom member of tropical catenary
sequences {Watson, 1964; Yc:-ung, 1976, =es Figure 3). R
In southern and eastern Africa two broad types of catenary
sequences can be distinguished: those asscciated with acidic
rocks, sand wveld so0il types and miomhe woodland; and those
derived from more bastic rocks, dominated by clay scils and
characterisad by munga woodland.

The former is the catena most often recorded in the alassic
desgcriptions of Milne (1947); Webster (1965); and Brown and
Young (1962). fhis savanna catena, which is developed on
gently undulating plateaux under a savanna climate on felsic
{acidic) —-intermediate rocks, ig characterised by reddish clay
profiles on the crest section becoming yelliowar on the slope
secticon followed by a lens of bleached or mottled sandy
material occurring at the walley floor margin giving way to
Black clay at the wvalley centre (Young 1976). Dalal—-Clayton
{1987) and Priestley and Greening (1956) describe =sinilar
sequences for platean soils in Eastern Zambia, where it was
observed that the transition between the soil units can be
gradual or fairly abrupt depending on the slope. Figure 3 is
a schematic diagram show:l.ng sandveld catenary solls and their
associated landscape units in Eastern Zambia.



Figure 3: Schematic diagram showing a sand veld catena and

asgociated landscape units in Eastern Province,

DPalal—Clayton, 1987; Priestley and Greening,
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A less obvious seguence is cbhserved in areas of basic rocks,
which Dalal-Clayton (19287) terms clay veld areas. In areas of
gneliss or intermediate granulite, Mecllisols and Alfiscls ars
found on upper and niddle slopes with very fertile soils on
dower slopes where dark topsoil material washed down by sheet
erosion has accumulated. Dambo secils in these areas are
characterised by deep heavy montmorillonitic oracking clays
fVerti=ols).

2 catenary sequence on gneissic rocks in the lower rainfall
regions of Zimbabwe, where perched Jdambos have developed, is
described by Whitlow (1985). Hera the =soils beconme
increasingly sodic down the slope as there is insufficlent
subsurface seepage to completely remove sodium salts eluviated
from upper =slope =scils. As a result, clay disperses and an
impermeable subscil forms on the mid-=slope sites. The lower
slopes and wvalley bottoms are characterised by greyish brown
mottled sodic soils.

A number of descriptions of catenary sequences in Africa are
available; for examnple, on granite in Zimnbabwe (DRU 1987;
Savory 19265; Whitlow 1985; Watson 19&4; Thompson 1275;
Thompson and Purves 1981), for plateau soils in Zambia (Dalal-
Clayton, 1987; Priestley and Greening 1956}; on granite in
Tanzania (Milne 1935, 1947); in the Lilongwe area of Malawi
(Billing 19%78):; on granitic gneiss in Nigeria (Nye 1555); in
central northern Nigeria (Turner 1977); on Basement Complex
rocks in south-eastern Nigeria (Juo and Moormann 1980); and in
the Oshun River area of Nigeria (Okaii et al 197%a; Okali et
al 1979b). '

In summary, wetlands are found in a range of forms and

positions in the landscape. They do, however, most commonly
occur in "receiving sites" in terms of secil, hydrological and
slope processes. Their soils generally represent lower

catenary members, whilst in terms of hydrological proceszes,
ccourring as they do in lower =sleope pesitions as well as
drainage headwater areas, they are well placed both to respond
to upslope water inputs, and to influence patterns of
downstream flow.

2.4 Natural disturbance

Form and function of the wetland will change in response to
changes or fluctuations in climate, vegetation, topography and
landscape and as such they must be regarded as dynanic
features. Indeed Meadows (1985) ocbserved that dambos are
sensitive indicators of environmental change, while Thomas and
Goudie (1985) propose that a characteristic common to all
dambos is that their formation is probably associated with the
effects of environmental change. Natural disturbances are an
important explanatory factor in understanding wetlands.
Natural processes of disturbance must be considered alongside
human induced change when examining wetland degradation and
sustainable land use {see Section 7).



Wetland form change and destruction

Change in wetland form can be attributed to natural evelution.
{Ackermann, 1936; DRI, 1987). Dalal-Clayteon (1287%) discusses
sequences of dambo types in Eastern Zambia and relates their
genesis to geomorphic processes over time. Turner (1977)
proposes that wvariations in the physical characteristics of
fadamas are a result of differences in the stage of evolution
within a cycle of fadama. In this cycle, under conditions of
stability, accumulation of fine grained soil particles,
mineral nutrients and organic matter in depressions leads to
gradual deepening and widening of the fadamas by processes of
deep weathering and surface wash.

Turner (1977) observes that the existence of fadamas depends
o the maintenance of a delicate balance between erosional
valley-formihg processes and depositional wvalley-filling
processes. Disturbance of this balance can easily lead to
their destruction. Similarly Smith (1985) considered features
of the plateau/dambo landscape in Zambia as the result of
rfragile eguilibria®, which are both disturbed and restored by
local erosion and deposition without external interference.

Wetiands can be destroyed in two ways: the lowering of the
water table may lead to gradual drying out, or an increased
rate of erogsion may lead to either gradual downstream remcvatl
of the deposits or rapid destruction by gulliying. Canversely
a rige in the water table or return to conditions of stability
nay restore wetlands (Turner 1%77). The change of phase from
wetland development to wetland destructicn originates mainly
throtugh a lowering of the base level.

Two sorts of fadama in Nigeria which have changed form are
described (Turner 1985). . MGully floor fadamas" are secondary
fadamas which ocour when active erosion and deposition cease
and the gqully becomes stabilised and colonised by vegetation.
fFadama terraces" are former mainstream fadamas into which the
stream has become incised. If the stream is further incised,
there will be a fall in the water table below the terrace
until there is no longer waterlogging in the wet season, so
the terrace will no longer be a fadama.

Mackel (1985a) attributes recent ecological changes in
woodiand and grassland mosaic in Zambia to dambo migration.
This involves the headward and lateral extension of the dambo
through sheetwash of loose fine material from marginal miombo
via the wash zone towards the centre. This creates a lowered
and flattened margin that can be more easily flooded during
raine, resulting in a site more favourable for grass than
trees. The long term resuli of this migration is the
extension of grassland at the cost of the wocdland.

as well as the lateral and headward extension of dambos,
Mackel {1985b) alsc discusses destruction through incision of
the drainage channeli at the lower end due to intense
downcutting of the base level. This accelerates surface and
ground water flow out of the dambo and lowers the ground water
.Jevel so the dambo dries out with a consequent change in
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vaegetation. Thus aggradational (or cut and fili)} and
degradational (or denudational) dambo forms are recognised.

According to Smith (1985) both ercosion and deposition can act
with great speed. Meadows {1928%) concurs that sediment can
build up and erode wvery rapidly, and that perhaps all of it
can be removed in a single storm event. Indeed a loss of 5-6
cm of topscil in one (early rainy season) storm in Eastern
Zambia was reccrded by Dalal-Clavton (1987).

Climatic stability

Changes in the wetland environment can alsc be attributed to
changes in c<climate. Bond (1263, 1965, 1987), di=mcussing
southern Africa, noted that <climatic controls govern the
balance between aggradational and erosional phases;
aggradation occurring in high rainfall areas where dense
vegetation traps colluvial sediment in the danbo. He sees 830
mm mean annual rainfall as the threshold for change from
aggradation to dJdegradation and attributes dambos in arveas
where contemporary precipitatior is not apprepriate to their
development as evidence of climatic change. Mackel (1974),
however, stresses climatic change to be of minor importance in
changing the situation from one of formation to one of
dissection, although scarp dambos are considered to be more
sensitive to climatic change, because of steeper slopes  and a
greater difference in height between the dambo and the base
level of the downcutiting river (Mackel 198t5b). e

Drying out of wetlands

Desiccation of wetlands can result from changes in the
hydreological system induced by climatic changes. Rattray et
al {1953), from a review of meterological data from Zimbabwe,
concluded that rainfall over most of the country was below
normal in the decade ending with the 19250-1%51 seascn. The
Meterological Department stated that drying out of dambos
during this period was largely due to deficient rainfall with
more marked effects in areas which had not received their
average amount.

Secular changes in climate resulting in declines in rainfall
or changes in frequency may also have an impact on wetland
sites. Reduced rainfall levels, particularly the reduced
incidence of heavy rainfall events, in Sudan have been shown
to have a significant impact on shallow groundwater recharge,
resulting in declines in leocal water tables (Walsh et al,
1988: 193}. This is apparently not offset by increased run-
off (due to lower topland infiltration capacity, as a result
of deforestation, heavy grazing and drought related reduction=
in vegetation cover). The result has been reduced wadi and
overland flows, reduction in shallow aguifer and perched water
table levels in wadi beds and adjacent to inselbergs and the
drying out cof shallow wells, surface pools and hafirs (Walsh
et al, 1988: 181). '



The source of inputs can also be important with regard to
desiccation. Smith (1985) considers thaf those dambos which
receive less dry season seepage, but large amounts of surface
flow, are more likely to dry up during a dry episcde, as
seepadge is unable to remove material in soluticn.

Conclusion

The scale and time span of these natural disturbances and the
wetland response to them obviously varies. However, it is
elear that they c¢an have a congiderable impact on wetland
stability and form, often over relatively short periods and as
such might account for change in form of wetlands often blamed
on human induced land use change.

3 WETLAND SOILS

3.1 pefinition and classification

Many definitions of wetland soils (Moorman & Van de Wetering
1985, Van Diepen 1985). A major distirction should be drawn
between seasonally dry wektland soils as opposed to perennially
wet ones. Brinkman and Blckhuis (1985) describe the former as
nineral soils, while the latter have deep peat at their
centre, Criteria used for this distinction, however, vary as
do the wetland characteristics which they relate to. For
example, ‘Turner (1985) distinguishes perennial fadamas which
retain moisture within  the maximum rooting depth of crops
(approximately 3 m) throughout the 4dry season, and sseasonal
fadamas, where the water table falls below this level hefore
the end of the dry season.

The classification of wetland ecils has been considered at
great length (IRRI, 1985; Juo and Lowe, 1985; USDA, 1975¢
HMoorman and Van de Wetering, 1%85; Wilding and Rehage, 1955},
The type and duration of saturation {or the moisture regime)
that +the soil is subject to and the resulting hydromorphic
features generally form the basis of wetland secil
classifications. According to Van Diepen (1985), the best
counterparts of wetland soils in the FAO-Unesco Legend (FAOQ,
1974) are Ysoils showing hydromorphic properties within 50 om
of the surface", which applies to Gleyscls, Histosols and the
gleyic groups of other units.

3.2 Soil formation

There are conflicting views on the origin of dambo soil
materials, although two main opposing theories for the
development of wetland mineral scil emerge; namely that soils
either develop from colluvial and/or alluvial infill or they
develop from in situ weathering of parent material.

Wwhitlow (1985} discusses these with respect to dambos in
Zimbabwe where Savory {1965) considers colluvial infilling as
the most important preocess. Purves ([(1976), however, argues
against colluviation on the basis that soils downslope become
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progressively less weathered and that clay contents decrease
up to the dambo margin;: this suggests that lower slope scils
are younger . than deeply weathered and leached. upslope soils
thusg indicating in situ weathering and scil development.
Acres et al (1985) observe that it is the preferential wash of
fine material toward the dambo bottom and of sandy material
down the adijacent interfluve slope that determine damboe parsnt
material. It is most likely, however, that wetland soils have
developed from a combination of processes, the intensity and
axtent of which are determined by 1indiwvideal site
characteristics. Whitlow (1985) concludes that dambo seil
origins are complex and that the wvariatiom in socil
characteristice across and down slope is indicative of a
conbination of eluviation, in situ weathering, and
colluviation interrupted by phases of active removal of
materials. Catena studies in Eastern Zambia support this view
{Dalal—-Clayton 1987).

Farent material in wetland depressions is rarely undisturbed,
it usually conprises of colluvium and sheetwash deposition
from upslope or alluvium from flooding ({Thomas and Goudie,
1985%Y. In West Africa Hekstra and 2Andriesse (1983) observe
that former planation surfaces are only found on Catena
summits and crests. Oon lower slopes colluvial deposits and
material from upslope form =0il parent material while in
valley bottoms alluvium criginating from areas upstream is the
parent material. :

Meadows (1985) considers that there are a variety of sediment
sources and that these, together with the geomorphic processes
responsible for dambo infill, can account for the coumplex
stratigraphy he observed at Lifupu Dambco, Malawi..  He
considers that the textural variation in the dambe transects
may be due to in situ geological facies variation as well as
characteristicse of colluvial material.

In Sierra Leone, boli topsoil and subs=cil textures are
variable and strongly infiuenced by lithology suggesting that
in sitn weathering at the base of swanps is an important
evolutionary mechanism, as well as sheetwash from adjacent
uplands and fringing swamp terraces (Miliington et al 1985).

Clearly there is no single model that explains wetland soil
formation as each wetland is an individual case and is subject
to a combination of soil forming factors which are site-—
specific.

3.3 S0il type=s
Parent material

Parent material has an inportant influence on so0il texture and
soil reaction. Acres et al (1985) recognize six hbroad
categories of dambo soils, using texture as the main
distinction: peat, sandy clays, sandy, black cracking claye,
grey clays and termite soils. Although acres et al (1985)
observe that sandy clay dambo soil textures are mnost widely
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reparted, their review of dambo soil properties in East and
southern Africa shows a texbtural range from clay to =and.
Andriesse (1985) similarly observes that inland valley soil
textures in West Africa range from sand to clay, depending on
the nature of the parent material, while Brinkman and Blokhuis
(1985) report the sane range for wetland scils in general. In
Sierra Leone, boli soil textures are variable, particularly
when adjacent uplands have erodible soils, which have
generally coarser textured topsoils due to greater =ediment

inputs by sheetwash (Millington et al 19835). Zonation
downslope and horizon development in the s0il profile means
that wetlands rarely have uniform texture througheout. In

Fimbazbwe, Thompson (1969) distinguishes two dambko scil types
as a function of parent material: the non-calcic hydromorphic
derived from Xaolinitic clays; and the calecic hydromorphic
dark montmoriliinitic clays, alternatively referred to as sand
vliei and clay vlei type respectively (Eilwell, 19%83). This
latter distincticon accords with the descriptions of two broad
dambo so0ll types on sandveld and clayveld in Zambia (Dalal-
Clayton 1987, 1988).

In southern Africa dambos are generally classified on the
basis of their pH (Perera 1982). “Socur" dambos are common in
wetter areas and on weathered granite and Basement Complex
rocks, thelr soils are mnostly weakly acild {(pH 4-4.5), for
examnple, at Grasslands in Zimbabwe granite vlel soils have pH
in the range 5.2 - 5.9, nogweot"” dambos occur on calcareous
rocks and thelr soils are neutral to strongly acid {pH 7-=-8)
and characteristically dominated by black cracking clays.
Wetland soils developed from calcarecus sediments or parent
material rich in weatherable minerals contain higher =alt

contents and are more strongly base recharged than adjacent .

better drained upland (Wilding and Rehage, 1985). A
transiticnal "intermediate" dambo is also recognised with pH
levels petween 5.5 and 7.

3.4 Wetland zonation

Different zones according to position on the slope can
generally be distinguished in wetlands (see Part 1). Three
main zones are identified in dambos: "margin", "main dambo"
and "sponge" {or eye), although the spatial patterns are often
complex and the houndaries poorly defined.

Mackel (i985a) found in Zambia that despite their different
shapes there exists a uniform zonation of dambos. depending on
vegetation, so0il type, moisture content and morphodynamics.
He distinguishes three zones: the "seepage belt! is found at
the lowest part, which is almost flat and most liable to
flooding; upslope of this the "“lower washbelt™ (the largest
part of the dambo) is a transitional zone of mixing of the
cocarse material brought down from upland with fine material in
the dambo; and the "upper washbelt" extends up to the edge of
the surrounding woodland, and can continue into the woodland.
Perera [(1982) describes the same zonation in dambos in Zambia,
while Ac¢res et al (1985) alsc recognise this zonation but
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Figure %: Cross-section of a dawbo showing zonation and
suggested terminology (Sources: Acres et al, 1985; M=ackel .
1974; Bullock, 19BEB}. -
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Figure 6: Simple model showing interaction between the wetland
store and the processes that control 1nputs outputs and
internal cycling..
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propose a new terminology. Figure 5 shows schematically the
position of these zones and the terms used to describe them.

The occurrence and extent of these zones will cbviously vary.
Acres et al (1985) describe dambos in Tabora, Tanzania where
the lower washbelt occupies most of the dambos with the
seepage belt wvarying in extent; the upper washbelt is usually
in a narrow fringe merging intc woodland.

DRU (1987) recognise two similar upper zones in thelr study
area in Zimbabwe, the "upper Jdambo zone", a band of seepage
below the margin: and the "lower dambo zeone" where scme ground
i= saturated during the wet season but dries out by the end of
dry =eason. They describe, however, the lowest part of
damboas the "dry bottom zone®, as this may be dry throughout
the year in broad headwater dambos, in contrast to other parts
of Africa where +the central part or eye 1is permanently
waterlogged. Figure 4 is a schematic dambo cross section
showing these zZones.

Zones &do not necessarily always cccur, they may be absent, as
in ecalcic hydromorphic dambos which are more uniform and
dominated by the properties of montmorillinitic clay.
Usually, however, there are distinguishable soil differences.
The zones themselves may not be homogenous while the boundary
betwaeen zones is also not well defined, with no clear slope
break except where laterite is found (Acres et al, 1985).
Whitlow (1985) observes that plant communities, although often
used in 2zoning, are not =always reliakle indicators unless
there is a well d&efined siope where soil drainage 1is
pronounced. Malaisse ({1972), - however, talks of an abrupt
contact between dry miombo on interfluves and herbaceous
vegetation on dambos. Although not always apparent by
surface expression, boundaries may be abrupt within the
subsurface part of the catena (Dalal-Clayton 1987). The zone
boundaries, as a function of water inputs, can also be
seasonally shifting. :

The differentiation of seils described for a catena from
interfluve to valley bottom is often repeated in the wekland
itself. Acres et al (1985) describe a common soil seguence in
cross section in non-calcic hydromorphic seils consisting of a
narrow fringe of sandy soils at the dambo margin, a strip of
grey clay scils at the dambo bottom, with a broad zone of
sandy clay between. The increase in clay content towards the
centre is attributed to preferential wash of fines towards the
dambo bottom. This sequence accords with a catena described
in eastern Zambia by Dalal-Clayton (1957) although the sandy
s0ils were observed to be more extensive than a narrow fringe
at the dambc margin and duplex profiles with loamy sand
abruptly over sandy clay were observed at the dambo margins.
Figure 3, a schematic diagram of a sand veld catena, shows
this zonation. Meadows (1985) similarly observed that
particle size declines from the margin of the Lifupa Dambo,
Malawi with sandy soils of the wash belt giving rise to clays
in the seepage belt. Zonal distribution of organic matter
also ocgurs with peaty horizons Iincreasing from wetland
margine to lower grassland (Whitlow 1985; Savery 1965).
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4 TUPSLOPE INFLUENCES ON WETLANDS

Wetlands can be viewed as interruptions to water flow between
the upland or interfluves slopes and the stream channels
below. Their form, function and maintenance therefore is
" influenced both by the soil and hydrological processes on the
upland slopes as well as processes within the wetiand itself.
Patterns of downstream flow emanating from wetlands operate in
response to these. 231 conponents of the system therefeore
need study with respect to how changes in their status can
influence the wetland environment. This section considers the
role of - the soil and hydrological processes active in the
catchment upslope of wetlands.

4.1 Hydrological processes

wetland form and function depend on the presence and movenent
of water. Figure 7 shows the role of the wetland as a store or
transfer site in the hydrological cycle of the catchment as a
whole and illustrates the importance of upslope hydrological
processes to wetland dynamics. The main sources of
hydrological irputs inte and losses from the wetland are
considered here.

Sources of Inputs

Different wetland forms will receive water from different
sources, depending on their position in the landscape.
streamflow valleys in the uppermest parts of the - river
catchments, for example, receive water from rainfall, runcff
and seepage, while the main water source to downstream river
overflow valleys is overflow from the river {Andriesse, 1985).
Moorman and van Breemen (1978) distinguish two main types of
wetland on the basis of hydrological conditions: those which
mainly receive water by ground water as well as precipitation;
and wetlands which mainly receive water by surface runoff,
streans etc. This distinction, however, belies the dynanic
aspect of different inputs.

Three main sources of water inputs to the wetland system are
recognised: precipitation, surface flow and subsurface flow.
It is generally believed that subsurface flow from interfluves
contribute most to dambo groundwater (Acres et al 19857
Rattray et al, 1953; Robertson 1964). The contribution from
subsurface flow is evident as a seepage zone alt the lower
slopes and at the dambo margin, with the amount depernding on
+he size of the catchment and interfluve width (Acres et al
192858). In Sierra Leone the main water inputs to bolis are
considered to be surface runoff, throughflow from adjacent
uplands and ground water seepage (Stobbs 12637 Millington et
al 1985}, These observations, however, are rarely backed up
with guantitative data.

Results from major water balance studies in c¢catchments in
Luanc, Zambia concluded that the main part of dambo water
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storage is derived directly from precipitation contc the dambo
with the contribution from the interfluves only occurring
guring the dry seascn (Balek and Perry 1973).. Whitlow (1985)
offers some support to this wview. DRU (1287) working at
Chizengeni dambo in Zimbabwe found that the contribution from
dinterfluve socurces was a third the precipitation which fell on
the non-dambo portion, and that direct precipitation on to ths
dambo constituted 57% of +total runoff from the catchment.
This will clearly be a function of the extent of the danmbo
within the catchment.

Surface verspgs Subsurface £low

The partition of precipitation input to the interfluve into
surface and subsurface flow will depend both on the intensity
of the rainfalil and the infiltration capacity of the soil
surface:; the latter being a function of soil characteristics,
vegetation cover and slope. The influence of the soil-
vegetation complex on runoff deneration and the impact of
vegetation change has been the subject of a few major
hydrological studies in Africa which are reviewed by Whitlow
{1983) and Turner (1977) and considered later in Section 7.

The neture of the upper slcpe members of the catena is
important in deternining the extent of subsurface flow.
Savvides (21981), discussing fadamas in the Bida area of
Nigeria, observes that sandstone formations, with a high rate
of water absorption in the interfluves, are necessary £or rain
to percolate and seep out at valley edges, In sand veld aresas
of southern Africa, where many niddle and lower =slope catena
members are characteristically duplex profiles (with sand
abruptly overlying sandy clay), water can rapidly penetrate
the upper sandy horizons but cannot drain through the
underlying heavier material and so drains laterally into the
dambo (Dalal-Clayton 1987, 1988).

surface runoff is increassed with an increase of slape angle of
the so0il surface. Gently sloping terrain encourages
infiltration but enables free lateral subsurface flow. The
gentle terrain of mnch of the granitic sand wveld in Zimbabwe
induces infiltration rather than runoff, while the high
infiltration capacity and low retention of the Iinterfluve
soils encourages absorption and throughflow (Whitlow 1983).
Using reported figures of rainfall intensity and infiltration
capacity for sand wveld soils in Zimbabwe, Bullock ([(1988)
concludes that as infiltration rate is rarely exceeded by
rainfall intensity under wmiombo woodland, due to the sandy
nature of the soil, the greatest contribution from interfluves
is by subsurface flow. He recognises, however, that surface
runcff is occasionally generated by intense storms, as is
evidenced by the occurrence of sheetwash. The source of
precipitation inpuit, as well as the nature of interfluve flow,
varies seasonally. Bullock {(1988) suggests that in Zimbabwe,
throughflow is only important as an input to dambos in the dry
season, while direct precipitation accounts for most of wet
season input.
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The amount, wvariability and seasonality of inputs will
influence the availability of water in wetlands and therefore
have impertant implications for their agricultural potential.
This point iz considered further in Sectian 5.

Sources of losses

"The proportion of precipitation input to interfluves which
reaches the wetland will be determined by the extent of losses
due to interfluve evapotranspiration and percolation intoc the
regolith.

Evapot

Evapotranspiration is one of most decisive factors in the
‘water balance eguation, indeed data for the Chizengeni
catchment in Zimbabwe shows that evapotranspiration is the
greatest single component in the water budget after rainfall
(DRU 1987). Losses by evapotranspiration are a function of
surface cover, <limatic wvariables and soil meisture deficit.
They will therefore be subject to seasonal, annual and
regional wvariations.

Evapotranspiration logses from the interfluves

The extent and seasonal variation of evapotranspiration rates
from the interfluve in relation +to precipitation will
determine the wvolume and timing of subsurface fiow from the
interfluve. The rates, and the factors that control then,
therefore have an important influence on water inputs into,
and the hydrological dynanics of, the wetland.

Although reported measurements of catchment evapotranspiration
iosses wvary, they do demonstrate that evapotranspiration can
constitute a major los=s from the system. Hough (1986, citing
Alexandre 1978), observes that evapotranspiration can account
for up *to 90% of the total precipitation at meist miombo
sites. brew {1971), mneasuring evapotranspiration directly
from tree branches, recorded 35 mm/day from BEBrachystegia
species (in miombo), while Balek and Perry (1973) report that
in zZambia all stored water from flatter wooded interfluves can
be taKen up by evapotranspiration with wvalues in the order of
1300-1450mm/yr recorded, and that potential evapotranspiration
can in fact be exceeded.

Rattray et al (1953) noted the seasonal influences on
evapotranspiration; commenting that vleis are wetter at the .
start of the cold season because there is less activity by
interfluve trees at this time. In the Chizengeni catchment,
Zimbabwe it was found that although the Jdry season rate
{evapotranspiration mean) for the dryland area (gragzed or
cultivated) is low (0.44 mm/day), the large area means that
the overall wolume is high, accounting feor > 40% of the total
evapotranspiration £from +the catchment (DRU 1987). High
evapotranspiration values for wupland grazing were also
ochaerved which indicate that losses from the upland porticn
of the dambo catchment are likely to continue through much of
the dry #eason.
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Evapotranspiration josses from wetlands

It is assumed that wetland vegetation transpires at potential
or maximum for much of the yvear because of the availability of
water, and continues to evapobtranspire during the dry season
due to the high water tabkle (Whitlow, 1928%5; Heough, 1986). It
iz suggested that more water is lost from a wetland than from
an equivalent area of open water because the water is spread
out laterally ocver a wide area. However, it is alsc argued
that wetland plants shield the water surface from exposure to
sun and wind and so less water is lost than from an open
surface (Begqg 198&).

Estimates of dry season evapotranspiration at cChizengeni
catchment, Zimbabwe show that the dambo is= the main surface
for evapotranspiration in the dry season (evapohranspiration
mean 1.22mm/day) with the "upper dambo =zZone"™ being mnost
significant (DRU 1987). In contrast Balek and Perry (1973}
put annual evapotranspiration losses from dambo grasses at a
third those from Brachvstegia woodland on the interfluves; the
mast significant part of evapotranspiration ocourring during
the ralny season. A review of their data shows that
evapotranspiration rates from dambos are consistently lower
than from the weoodland zones for the whole year, and (in
contrast with woodiand walues)] were never found to excead
potential evapotranspiration. Bullock’=s (1988) analyvsis of
river Fflow data in Zimbabwe, however, do not support the
different evapotranspiration rates presented by Balek and
Perry (1973} for different vegetation communities.

Different sources of maximum evapotranspiration within the
dambc have been identified. Bullock {1988) suggests that
rapid depletion of water by evapotranspiration occurs from the
upper soll horizons of the dambos in Zimkabwe =zuch that dry
season water tables are confined to the gleyed zone which is
inaccessible to roots and represents the main storage
component of the dambo. Dalal-Clayton (1988) states that this
is particularly the case in sandy over sandy clay/clay QGupleX
20ils in sand wveld areas in Fambia. Bullock (1988) also
suggest=s that the persistence of high water tables caused by
the Impedence of subsurface flow from upslope at the dJdambo
margin is the primary source of dry season evapotranspiration
loss, while deeper throughflow passing beneath the dambo is
protected from +the evapotranspiration preocesses and so can
contribute to streamflow. Similarly the highest dry season
evapotranspiration rates were observed at the "“upper dambo
zone" at Chizengeni, where water from upslope is pushed to the
surface by impermeable rock and plant growth is most vigorous
{DRU 1987). If the wetland margins evapotranspire at higher
rates, more wetlands in the catchment sghould result in more
evapotranspiration due to an extensive dambo perimeter.

The extent and seasonality of loss by evapotranspiration from
wetlands has important implications for the veolume and timing
of streamflow as c¢onsidered in Section 6, The impact of
wetland land use on evapotranspiration rates and therefore
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water resources is alse an lmportant consideration and
discussed in Section 7. '

4.2 Catenary processes

Lateral subsurface or surface water flow from the interfluve
and valley sides determines the soil material inputs to and
outputs from wetland patches. Processes in the =20il catena
are dependent on the presence and mnovement of water and
therefore inseparable from hydrological processes.

Variations in =o0ils within a catena are usually attributakle
to differences in internal drainage (subsurface flow) and
lateral movement of dissclved and suspended material. On the
other hand, surface runoff is responsible for movement of soil
particles downslope as sheetwash: while mass movement and s0il
greep also contribute to sleope erosion. Raunet (1982}
considers that these mechanisms are operative in influencing
"tropical wvalley bottom" characteristics, with superficial
runcff generating mnechanical erosion; and percolating water
being responsible for sclutional removals and transformation
products. Thompson (1975) observed that both sheetwash and
throughflow are responsible for moving nutrients and clay intoe
dambos in Zimbabwe.

Differences in moisture regimes between member scils, as well
as the effects of lateral movement through them, is impertant
in the differentiaticon of goils in a catena: both factors
being accentuated by marked seasonal rainfall. . According to

Thompson and  Puarves (1981) +the effects of this - seasonal

pattern is that rain is concentrated into a limited pericd so

the amount of "water  absorbed is- more than can percolate to.

depth and therefore flow is enhanced. Surface runcff will al=o
accumulate to a greater extent on lower sleopes than if rain
was evenly distributed throughout the year. In Zimbabwe these
phenomena have two main effects: the marked translocation from
upiand to lowland of clays and soluble weathering products;
and the reduction and remcval of iron as a result of anaerchic
conditions induced by waterliogging in the lower soilis.

The rise and fall of groundwater and the generation of
anaerobic conditions is also an important element of catenary
processes. Lower catenary processes are not only dependent on
lateral subsurface flow inte wetlands, but also the degree of
fluctuation in the wetland itself. The latter is a function
of seasonal rainfall regime, regolith character and bedrock
disposition of both the wetland depression and the adjacent
upper slopes (Whitlow 1988).

Throughflow
¢lay translocation

Clay transiocation is the removal of dispersed clay particles
from the upper soil horizons by water moving vertically and
laterally within the =0il. This requires both active
throughtiow and for ¢lays to be in a dispersed state. Slaking
or dispersion of clay particles in percolating water can occcur
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when soil is first wetted after a dry pericd. In Zimbkabwe, in
Fersiallitic soils over granite, Thompson and Purves (1381)
state that the ¢lay fraction is rendered mobile and
translocated laterally downslope as a result of "deferration™
fthe reduction,  mobilisation and remeval of iron laterally
under anaerchbhic conditions). Lateral and vertical
tranzlocation of clay are coincident; the former results 1in
the textural transition of =scils from coarse to finer material
often described down a slope in siliceous soils, while the
latter results in heavier textures lower in the profile. In
Zinbabwe clay translocation downslope is the main feature in
scils from sjilicecus material (Thompscm and Puarves 1981)
while, in c¢central northern Nigeria, Turner {1977, 1985)
deascribes fadama soils (bottom members of the catena) as
tending tc have a higher clay content than the ferrugincus
tropical interfluve so0ils they are derived from. This
textural differentiation is often repeated within the wetland
itself with clay content increasing towards the centre.

Patterns of increasing clay content downslope, however, do not
always occur and Young {1976) states that it has not yet been
proven that lateral translocation of clay particles occurs in
appreciable amounts. Variation in texture downslope was
obaervad by Savery (1965) in a catena on granitic rock at
Grasslands, Zimbabwe; while Thompson {1975) describes a catena
on granite in Zimbabwe from Xopje down to vlei. The heaviest
textured soils occur near the base of the kopje and the clay
content of lower slope soils are less than would be expected
with translocation. In ERastern Zambia Dalal-Clayton (1987)
chzerved soils becoming increasingly more =sandy downslope in
catenary sequences on sandveld resulting in a deep sand: lens
on the lower interfluve slopes and dambo margins with the fine
material carried intoc the dambko <entres. Similarly ccoarser
grained soilg are described by DRU {1287) in lower segments of
a catena on granitic rock at Chizengeni in Zimbabwe.

aloc ion o : thar] =

Percolating water will remove the soluble products of
weathering from scil profiles on interfiluves and upper slopes.
Water moving laterally will carry these to profiles on the
mid and lower sleope=x, where wetlands oggur. arl substances
irmvolved in wertical, leaching including =sillca, ironr, salts
and exchangeable bases, are also carried laterally. Profiles
lower down the slope will be illuvial and usually have a
higher pH because they receive salts and bases from upslope.
Christianson (1981) explains the dark colour of the <oglayey
mbuge soils occurring in Ugogo, Tanzania as due To calcium
which is brought downslope. The ash produced following the
burning of vegetation is another source of bases, which can be
dizsolved and carried downslope by throughflow,

The nature and amount of secluble products transported
downslope, however, will depend on the interfluve parent
material and the intensity of its weatharing and wvertical
leaching. Upslope soils which are old, highly weathered and
leached, as described by Millington et al (1985) in Sierra
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Laeone, for example, are unlikely to release bases for passade
downslope.

Iron and manganese compounds c<an be reduced and mobilised
under anaercbic conditions induced by waterlegging cccurring
anywhere in the catena. These are transported downslope in
the soil sclution and may be oxidised at the seepage zZone at
the wetland margin, the more iron-rich the parent material,
the more extensive the deposik. For Ainstance, doroundwater
laterite horizons in wetland scils are evidence of seepage
from upslope. In some wetlands in Zimbabwe stones and pebbles
are occcluded during ferricrete development creating a
conglomerate {Thompson and Purves 1981). Dalal-Clayton (1988)
obhserves that ferricrete outcrops are common along dambe
margin seepage zones throughout the sand veld areas of Zambia.

Meadows (19853 similarly cobserved nodular laterite gravel to
be common below the "wash belt" at Lifupa Dambo, Malawi.
Ferricrete nodules can also occur at depth in waterlogged and
well drained sites and laterite commonly underlies dambos
(Savory, 1965; Acres et al 1985; Magai 1985). Many boli and
inland valley swamps in Sierra Leone are characterised by iron
rich scum on the water in channels adjacent to slopes,
indicating a high iron concentration in subsurface seepage
water from adjacent upland Ferralsols (Stobbs 1963).

The downslope movement of dissclved material in throughfiow
also has implications for applications of fertiliser upslope.
Rainfall immediately following application may result in
vertical and/or. iateral leaching into  the wetlands. of more .
saluble fertilisers.

Sorface Floswr -

Surface flow 1is associated with the movement of suspended
material in wash and rill processes resulting in the
depogsition of sediments downslope. There is usualily
preferential wash of fine material from the interfluve to
valley bottoms resulting in a textural transition downsliope.
The nature and amount of sediment movement depends on upslope
g0il properties, rainfall characteristics, steepness of slope,
distance from the slope crest and land use.

Stocking (1986) has demonstrated that considerable amounts of
nutrients and soil organic matter can be removed in sheetwash,
estimating that the potential annual nutrient loss in sheet
erosion on sandy soils in Zinbabwe to be 1n the order of 0.97
kg/ha nitrogen, 0.155 kg/ha phosphorus and 10.7 kg/ha organic
carbon per t/ha/vear soil loss. Considering that estimates of
spil loss from these soils under traditional agriculture are
"in the range 30-50t/ha/vear (Elwell 1%84), this represents a
sizeable loss of s0il nutrients, These losses from upslope,
however, represent potential galns to lower slopes and
waetiands.

Catenas

Although the parent material will be an important - factor
determining secil differentlation down the slope, certaln
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trends in scoil characteristics arising ast a net result of the
procasses discussed above can generally be expected. These
are, moving down the slope: increased soil depth: an increase
in clay content:; an increase in organic matter content and
depth of the surface organic matter horizon; reduced acidity:;
and an increased expression of hydromorphism.

4.3 Wetland soil fertility

Wetland depressicns will be receiving sites, or stores, for
the suspended and dissclved material transported In surface
and subsurface lateral flow from upslope. The extent of their
accumulation in the wetland depends on the amcunt and duration
of water passing through (this being a function of water
source and flow patterns); the physical envirocnment and how it
affects resistance to flow (surface and subsurface}; the
solubility of the material; and the soil chemical environment
(e.g. whether it is favourable to retention of nutrients),.

Wetland scils commonly serve as repositories for salis and
soluble products of weathering transported from adjacent
uplands by overiand flow, throughflow or ground water
recharge. <Consequently they usually have a higher pH than
upland soils {Wilding and Rehage, 1%85; DRU 1287; Turner,
1877, 1985).

Receipt of suspended and dissolwved material from upslope has
implicaticns for wetland soil productivity. It is generally
believed that the accumulation of so0il fines and their
constituent nutrients, organic matter and bases in wetland
soils increases their physical and chemical fertility compared
to adjacent =lopes. In Zimbabwe, Thompson (19269} states that
"ylei soils are always inherently meore fertile than
surrounding topland soils", whilie Rattray et al (1953) observe
that danbo soils are normally rich in organic matter and
usually have more ‘body’ and fertility than those of the
surrounding upland. In central nerthern Nigeria Turner ({1977,
1985) descrikbes Ffadama soils as generally finer grained than
the upland scils and richer in mineral nutrients and organic
matter, Dalal-Clayton (1987) describes how deep fertile soils
have developed on lower slopes in clay veld areas ¢f Eastern
Zambia. These additions of organic matter tec wetland soils
can enhance both physical and chemical fertility.

DRU (1987) found that soils of the "upper dambo gZone" at
chizengeni dambo in the granitic areas of Zimbabwe had higher
CEC (catlon exchange capacity} values (6.2 vs 1.9 meqg/l0) o
clay), base saturation (60% vs 25%), available phosphorus (11
ve 6 ppm), more fines and a more favourable pH (6 vs 5.5}
compared to the dry topiand soils. Turner (19277) similarly
reports higher mean CEC values for fadama soils compared to
upland secils {142 meg/100g wvs 8 meq/l00g soil), although basea
saturation levels were sinmilar for both soils (43% wvs 42%).

Tn SZanbia the dambo seepage =zZone is sometimes flushed by
nutrient rich spring water which increases pH and improves
phesphorus, potassium and nitrogen status, although the basis
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for this is not clear (Dougnac 1987). Perera (1982) in a
study of scils of the Katanga series (developed on limestone
parent material) in the Lusaka Province, Zambia found that the
dambo gleys compare favourably with corresponding upper catena
spils in respect of nearly all soil chemical properties
analysed. He suggests that these properties, whiie partly the
result of heavy texture and slower organic matter
decomposition, originate alse from transfer in sasolution of
lons from higher parts of the catena.

Wetland soils therefore often represent fertile patches in the
‘landscape with high potential for agricultural preduction.
Their use, however, iz often restricted by difficult physical
properties resulting from heavy textures and waterlogging. In
Tanzania Miine {1947) describes how alluvial sc¢ils which have
developed in response to cyoles of wet season waterlogging and
dry season aridity, lose their former fertility and acquire
the funpleasant’ physical properties of ‘true mbuga soils”’.

Although wetland sites benefit from inputs of soil material
they are also subject to the effects of leaching and erosion
which remove these same materials from the system. Figure 6
is a gimple model showing the interaction bhetween the wetland
store or transfer site and the processes that control inputs
and outputs. ©Other sources= of lesses from the system inciude
nutrients lost by grazing, burning and harvesting
{collectively described as offtake}.

The balance between inputs and outputs is ciearly important to
wetland form. Smith (1966) notes that both the shape and
epacing of dambos are the result of balances between the
supply of rainfall te the seepage =zone of the soil and
depletion of the seepage zone by springs along laterite
outcrops and free faces at dambo edges. If a dambo does not
have a sufficient dry season flow to rewmocve all that comez
into solution it becomes clogged, and in time reverts to a
condition like an urndissected plateau soil.

Internal pathways of nutrient transfer also exist in wetlands
and in this respect some of the models developed to explain
nutrient relationships in African swamps might be applicable
{Denny 1985). It is possible, like rooted swamps, that
wetland vegetation can act as a nutrient pump, or ilke some
swanps have the ability to deplete or enrich elements in the
water flowing through them (Begg 1936).

Accumulation of some materials can lead to problem wetland
spils., . In Zimbabwe the proportion of scdium ions to calcium +
magnesium ions and the degree and duration of water movement
determine whether bases accumulazte downslope or are removed.
in lower rainfall areas (500-650 mm) Fersiallitic soile on
upiands are usually associated with areas of sodic soils in
lower catena positions, because of insufficient rain and
amount/duration of lateral flow to remove sodium rich bases
and clay brought down from upslope. In higher rainfzl! areas
increased movement of water within the wetland soils removes
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bases, notably sodium, thereby reducing the tendency for sodic
so0il formation (Thompson and Purves 1981).

In some circumstances evapeoration of salts in wetlands nay
lead to accumulation of harmful concentraticns at the =oil
surface or in the root zone and salinity problems may develop
. in the dry season. This potential hazard is recognised in
"walley beottoms in the northern parts of tropical subsaharan
Africa (Hekstra and Andriesse 1983), The presence of ferrous
ions in seepage water entering wetlands has also baen noted to
induce irecn toxicity in rice.

Wetland soil fertility statuns is also a function of parent
material, scil age and meisture status. In Sierra Leone,
Millington et al (1985) found that the agricultural potential
of bolis and inland wvalley swamps is limited by their
fertility levels; boli soils being particularly deficient in
phosphorus. They explain thi= as being due to their
derivation from old and leached parent material.

okusgami (1985) found fthat secil fertility was the key
constraint to sustaining rice vields in hydromorphic soils aof
West AaAfrica, with sd¢ils of inland valleys derived from
intensely weathered soils of adjacent uplands keing less
fertile than the younger alluvial plain scils. He found CEC
and organic matter levels to be low, potassium to be deficient
and topscils +to ke acid. Similarly Andriesse (1985)
recognises the main constraint to rice cultivation in the
wetlands of the WURP study area in West Africa to be the
coarse =cil that prevails in the sedimentary formations and
granitic rocks.

The fertility of wetland soils is nob always enhanced by
inputs from upslepe. Whilst some wotland solils are <clearly
more chemically fertile, others merely reflect the
impoverished conditionz of the =cils upslope. Difficult
physical conditions and toxic accumilations can alsc act as
soil constraints to wetland use. '
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5 IN S1T0 PROCESSES

5.1 In situ hydrological processes
Groundwater fluctuations

Water table fluctuation in wetlands is important in terms of
the patterns of flux, duration of waterlogging, seascnality,
persistence in dry season, volumes involved, and time of
initial rise and depletion. These not only control soil
processes but also the potential for agricultural development..

Initial rise of wakter table

The proportions of the hydrelogical input into the welland
from the interfluve or directly from precipitation, and the
seasonality of these relative sources will affect the time and
rate of the initial rise of water table. For example, response
will be more rapid where direct precipitation is the wmajor
input to the wetland. In measurements of ground water levels,
Balek and Perry {1273) report from Zambia that danmbos appear
nore sensitive to precipitation than non-swampy areas: ground
water levels rise rapidly scon after the rainy season starts,
then become more or less constant because the dambo is fully
saturated and precipitation is lost in runoff. Acres et al
(1985 talk of ground water level rise "“some time" after the
start of the rains, depending on the incidence, intensity and
amount of precipitation.

Wet season fluxes have been observed to be a function of soil
type, both of the wetland and the adjacent slopes, with a more
rapid flux in sandy soils compared te a =slower one in clay
soils which absorb less runoff. Fluctuations and timing of
seasonal water table rises will also depend on the wvegetation
cover of the topland areas, especially if subsurface flows are
important. Farmers in Zimbabwe observe a rise in dambe water
table hefore the onset of the rains. This may be attributable
to the decrease in woodland evapotranspiration during this
period, with subsurface water flows appearing in the
bottomlands. :

Turner (1977} working in Nigeria observes tThat annual
fluctuations in groundwater are greatest Iin the interfliuve
areas and least in the fadamas. Similarly DRU (1987) report a
significantly greater fall in groundwater levels on the upper
regions of Chizengeni catchment compared te in the dambo.
Great differences between groundwater conditions in different
wetlands have alsc been reported; mneasurements of
fluctuations in fadama water tables by Ipimmidun (1971 cited
by Turner 1977) revealed this. Seasonal fluctuations are
particularly affected by upstream dam building and water
control (see Part 1).
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Duration anpd persistence

The duration and persistance  of wetland water tables is a
function of wetland storage capacity, contributions Irom
upslope aguifers as well as input characteristics. Wetland
form (depth and slope), underlying geclegy, scoil type and
depth, and wvegetation all influence the capacity of wetlands
to store water.

savvides {1981) cbserves that in sandstone arsas in Nigeria
the duration of swamps (fadamas} depends on the storage
capacity of the strata over an impermeable layer and the .
movenment of water through them; both in the interfluve and the
wetland. Where the =0il surface has a high intake rate and
"+the lower sa&trata a high storage capacity and low novenent
rates, swamps will develop for longer periods. The slope of
the impermeable layer also influences the amount and duration
of seepage. Savvides (1981} alsc expects swamps fed by large
watershed areas to last longer. The influence of aguifer
storage upslope on wetland duration is considered further in
Sectien 6.

A distinction can be made between dambos with persistently
high water tables and those with more fluctuating water
tables. This appears to be related to the rainfall regime.
In higher rainfall areas damhos are more likely to be
saturated with the result that ground water Jlevels remain
constant in the wet season; whereas fluctuating water tables
are associated with drier areas where saturation does not
occcur. Greater antmual wvariability <an be expected where
saturation varies with precipitation distribution. 1t

saturation is achieved in the wet season, persistence for ...

several weeks after rain, with water table levels at the
surface, can be expected. The persistence of high water
tables into the dry season for sne menth to several weeks has
been observed {Muoneka and Mwassile, 1986; Cormack 1972).

De e

Researchers present variable data on the rate of depleticn of
dambo ground water, reporting & gradual fall (RKanthack 1%45,
cited by Bullock 1988); an initial rapid fall followed by
constant fall (Balek and Perry 1973); or a fairly rapid but
steady fall followed by a slower steady fall (Turner 19577).
Although, most dambo type wetlands have an outlet, in zone
isolated dambos or pans with no outlet, water escapes through
seepage Or evaporation {Veldkamp 1986).

BEalek and Perry (1973) explain that a limited storage capacity
of dambo aguifers results in dambo depletion times being
cohgtant and attribute intermittency of dJdamboe outflow to
duration of rainy season rather than amount of rain. Thus a
shorter dyxy seascn may result in perennial outflow from the
dambo.
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Other factors, such az slope and litheleogy, are important in
determining the duraticon of dry season baseflow. Discharge
measurements taken from streams draining swamps in Sierra
Leone show pignificantly different depletion ratea between
lithologies. This 1litheological contrel over dry season
depletion suggests that the major wvariaticn in water losses is
due to groundwater secepage (Millington et al 1985}.
Discussing conditions in the Bida area of Nigeria, Savvides
{1981) observes that +the relationship between timing of
streamflow in swamps and rainfall is not absclute becaunse of
geological and seasonal complications.

Internal drainage

surface drainage is generally poorly defined in wetlands, but
discontinuous channels can occur. In his case study at
Grasslands, Zinbabwe, Whitlow (1980) describes how jointing in
granitic rocks creates a pattern of basins and rises leading
to an irregular drainage pattern. Irregularity in topography
can alsc result in throughflew being concentrated inte
subsurface channels or pipes, with drainage via such a system
being more rapid than lateral seepage. Mackel (1985h)
observed such a <ontinuous underground flow in the lower
layers of dambos in Zambia where surface water percelated down
cracks or into holes at the edge of termite mounds, Such
piping is wery inportant for subsurface drainage in sodic
soils.

The nature of the drainage may also change through the =eascn,
depending on the properties of the wetland scils. For example,
in Vertisols, where wide cracks develop during the dry season,
drainage is rapid down the cracks at the onset of the rains
but becomes slow when the =cil swells and the cracks close.
whitlow (1980) notes that organic matter deposition also
affects wetland drainage with throughflow seeming to occour
along the interface between the organic horizons and the
underlying sand.

5.2 Availability of water for agriculiure

The greatest asset of wetlands Iin terms of 'agricultufe. is
their ability to act as stores of water within the catchment,
Figures 6 and 7 illustrate this role.

In areas whera rainfall is a constraint, the value of wetlands
agriculturally is mainly due to the fact that they remain wet
far into, and sometimes throughout, the d4dry season. The
problem in evaluation of +he potential of these soils,
however, 1is the dynamic nature of this important
characteristic, since water tables fluctuate over several
netres during one year and in differing patterns between
years. Tt depends on the entire watershed, as well as the
topographic situation of the wetland, as  to whether it will
receive sufficient water during the dry season to produce a
crop (Veldkamp 1986).

The scil moisture regime is important to wetland agricultural
potential, particularly with respect to the initial rise of
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the water table, in terms of planting time; its depth, in
terms of suitable crops; duration of availability, and in
terms of the length of +the growing season. These
characteristics are subject to the variability and seasonality
of the relative scurces of water input as considered above.
There are cases where dambos may be webh during some dry
seasons but are completely dry in other dry seascons. Veldkamp -
(1986) describes this as a common OCCUrrence in shallow danbos
where underlying laterite causes stagnation of water in wet
pericds. In long dry pericds where there is no water supply
the water evaporates until the dambo is dry. The Ilmportance
to agriculture of this variable status of wetlands is clear.

Rainfall ~variability alse results in dynamic houndaries
between zones in the wetland, as well as between wetland and
dryland {(Brinkman and Blokhuis, 1985). It can also liead to
fluctuation between perennial and seasonal wetland forms

{depending on the coriteria ewployed). The greategt
variability in wetland water availability exists in the more
marginal rainfall areas. clearly the key to successful

exploitation of wetlands is flexibility of cropping aystems
(see Part 1; Part 3).

one of the main physical constraints to wetland cultivation in
wetter areas is liability to fiooding and the only crop that
thrives when its roots are submerged is swamp rice. Moormann
et al (1976) consider the hydromorphic lands of Nigexia to
have great potential for increasing rice production because
the growing season is prolonged by additional =soil water,
however, this potential is restricted by other limiting. soll
properities (IITA 1987/88). _ :

However wetland rice farming should not be viewed in
jeolation. 1In Sierra Lecne farmers invest in wetland
cultivation only in combination with dryland rice farming. Men
and women may concentrate to different extents on cultivating
rice on different parts of the catana {Richards, 2986; Leach,
1990}. An exclusive concentration on wetland development may
result in inappropriate development strategies.

Rice has specific hydrclogic regquirements. To achieve paddy
conditions, the rainfall in the valleys and throughflow Ifrom
upland mnust first replenish groundwater *to the surface.
Gunneweg et al (1985) found that during dry years in Bida,
Nigeria the contribution from groundwater was nil and rainfall
was insufficient to maintain a layer of water on fields, whiie
during wet years the groundwater flow is congsiderable and
farmers tap the seepage zone for rice cultivation. In Sierra
Leone data suggests that %0% of wetlands in the plateaun will
be dry at the surface by late april and therefore potential
for continuous rice cultivation exists only for about 10% of
wetlands developed on the Basement Complex which maintain
standing water (Millington et al 19285)}. In the Tabora region
of Tanzanhia charackteristics of mnmbuga have ‘beern found to
conpensate for inadequate and unreliable rainfall and
consequently proved suitable for rice. This suitability,
however, wvaries among the different =zomnes, while site
conditions vary from year to year (Silva 1587).
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Different wetland zones have potential for different uses (see
also Part 1. In the wet dambc zone the water +table 1is
sufficiently close to the surface to permit grass and crops to
grow, normally <2 m throughout the year and <0.5 m during the
wet season {DRII, 1987). In Zimbabwe so0il moisture is stiil
available in the "upper dambo 2zone" in the dry season for

-'plant growth when the rest of the area is dry, and it is here

that the cultivated gardens are found. Similarly the "upper
grassland seepage zones" of plateau dambos in Zambia were
found to be the most premising areas for dry season
cultivation {Doughac 1287). In Nigeria vegetables are chosen
according to their rnotlng depth to correspond to differing
ground watexr levels in different parts of the wetland, while
in Zamwbia peasant farmers recognise the potential of the
"upper wash zone" and "seepage zones" of dambos for rice and
wheat during summer and winter wonths respectively (Perera
1982). Dambo seepage zones are alsc important for vegetable
production in the early dry season in southern Africa, the
Crops uging residual moisture. Perera (19282) suggests that
in Zambia the methods used by farmers for selecting suitable
sites for cultivation, using traditiocnal norms for estimating
wetness of the different zones, are useful indicators of site
productivity.

5.3 In =itn =soil processes

In situ so0il processes, as distinct from catenary processes,
are restricted to the wetland depression itself and are
primarily a function of the wetland moisture regime.

The morphclogical properties of wetland soils are well Known
{(Blume and Schlichting, 1985; Stoops and Eswaran, 1%85; Kyuna
1985h) but the pedological processes are rarely considered or -
understood according te Wilding and Rehage (1985). Although
hydromorphic properties are common to wetland moil, Stoops and
Bswaran (1985%) note that different morphological expressions
of scil "wethess" may be expected according to the dJdominant
pedogenic processes active in the area and the degree of
evolution of the s0il material. Reduction and gleying
constitute only one of the prnpertles diagnostic of wetland
s0ils with many of the pedogenic processes the same as in
soils in non-aquic regimes (Wilding and Rehage 198E).

Redox transformations

Chenmical processes in aguic molsture regimes are dominated by
raduction or alternating c¢ycles of oxidation and reduction.
Ircn and manganese transformations, and phosphate and trace
element mobilisation are characteristics of sSeasonally or
permanently saturated soils (Wilding and Rehage, 1985).
Alternatlng oxidising-reducing c¢onditions result in the
release of iron and manganese from primary minerals, and their
segregatlon into mottles and concretions. These are a common
feature in wetland scils. The degree of nottling depends on
the iron content of the soil and the duration of dry
conditions. Petroferric material deposition can be asscociated
with present or relic redox conditions. Prolonged saturation
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and the coincident reduction and mobilisaticon of ircn and
manganese compounds results in gleying which is characterised
by pale blue/grey scil horizons. A major distinctien is nmade
between "ground water" and "surface water" gleys. In szome
soils, wetness does riob lead to reducing conditionsz as the
groundwater may contain considerable amounts of disseclved
oxygen, such as in areas with moderate relief and lateral
water flow.

Submergence tends to ilncrease pH of acid scils and depress pH
of alkalli s=o0ils (Wilding and Rehage 1985). Alternating
oxidation and reduction of iron ecan lead to soll acidity
bacause of the effects of ferrclyszis (Brinkman, 1970; Dougnac
1987). The development of acidity intensifies with the
decreasing periocdicity of saturation, while the intensity of
ferrolysis and development of acidity is greatest in aseric
intergrades to aguic moisture regimes (Wilding and Rshage
1985).

Organic matter accumulation

surface organic matter accumulation is characteristic of
hydromorphic soils that occur in waterlogged bottom slopea
positions. This acceumilation 1= due to the slow breakdown
under anaerocbhic and acidic conditions, which acts to reduce
bacterial activity.

Whitlow (1980) observes that the accunmulation of organic
matter is related to poorly drained sites and their respective
vegetation types. The amount of organic matter accumulation
will depend on litter inputs from the wvegetation. It is
suggested by Turner (1985} that because the growing season in
wetlands is much longer than on the surrounding upland, a
greater biomass is produced and, under natural conditions, the
s0ils become richer in nutrlents and crganlc matter. The
extent and duration of waterlogging also influences the amount
and nature of organic matter accumulation with peat seils eonly
found in the wettest sites (Acres et al 1985).

Turner (1977) reports that organic matter concentrations at
the surface of fadana soils in Kigeria can be up to three fold
thos=e of adijacent interfluve seoils. Similarly Dbalal-Clayton
(1987) describes how organic matter content in interfluve
topsoils of sand weld scils trarely exceads 13 conpared to
lower catena slopes and dambos sites where it may reach 2-3%.
The pattern of crganhic matter deposition in wetlands, however,
can be irregular, influenced by subsurface bedrock and its
effect on drainage. In the Grasslands dambo developed over
granite in Zimbabwe, areas of peaty soils over 60 cm in depth
sccur not only within the central parts (or "eyes") of the
dambos, - but alse as islands and irregular mires cutside these
cgentral sump zones due to restrictions of water =eepage by
subsurface hedrock (Whitlow 19806).

The degree of dry season oxidation of organic matter which
depends on the level of the water table and its seasonal flux
also determines the amount of surface organic matter. In the
Central Province of Malawli, for exasnmple, Meadow (:1985) states
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that surface organic matter content in danmbos will never rise
over 10% because of the dry season oxidation.

Transport and immobilisation of salts

Wilding and Rehage {1983) observe that the <transport and
immobilisation of salts in hydromorphic soils are dynamic and
functions of water flux. Salts can be concentrated at the
surface or at depth depending on the direction of filow,
seasonality, and the mechanism of recharge and discharge. 1In
depressional landformns, central areas may be strongly leached
while elevated areas have <galts and carbonates near the
surface due to evaporative capillary pumping. Acres et al
{(1985) cobserve that higher evapotranspiraticon rates from
termite mounds often result in the precipitation of salts and
even c<calcium carbonate in danbos. However, while =salts,
particularly concretions of carbonate, are a usual feature in
alkaline cracking clay dambos, salt concretions are seldom
found in sand wveld dambos (Dalai—-Clayton 1988). In scarp
dambos in Zambia Mackel (1985b) notes that the wvariable
groundwater circulation and wvertical and horizontal distance
from the seepage belt influences the leaching, impeded
transportaticn and illuviation of carbonates. Wilding and
Rehage (19%85) consider that the intensity of =salt leaching
increases with decreasing periodicity of saturation. Under
some conditions, dambos can be c¢leared by sclutional
weathering (Smith 1966).

Clay translocation

Textural differentiation between surface and - subsurface
horizons commonly observed in wetland soils 1is usually
attributed to ciay transiocation. Thompson {1975) describes
spile of dambos and ad]acent parginal arsasg over granlte as
sands in the surface horizons with a pronounced change in the
lower profile to sandy clay loam and sandy clay. He notes
that where the water table rises to the same level
consistentiy, the taextural change is abrupt, but less well
defined where the seasonal rise is irregular. Rcherts (1988)
also gives details of an acid sandy clay dambo soil in
Tanzania showing typlcal cnarsenlng upwards, while Turner
(1977) describes an increase in <¢lay content with depth in
fadama scils in NKigeria. Such textural differentiation,
however, 1is not always a feature of wetland soils, for
example, Savory (1965) cobserved variation in textures within
individual dambo profiles over grarite in Zimbabwe.

Wilding and Rehage (1985) consider that clay translcecation as
an explanation for textural differentiation has been
overstated and that the effect might be attributed to other
s0il processes, For instance, Dalal-Clayton (1987,1988)
observes that ferrolysis, which destroys clay leaving residual
sand in the upper profile, is a widespread mechanizm 1ead1ng
to the development of duplex soil profiles in many dambos in
southern Africa, where white bleached sand abruptly overlie
mottled sandy clay to clay.
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Structural development and stability

The . effects of desiccation on the structure o©of & and B
horizons in wetland soils are discussed by Wilding and Rehage
{1988). In the surface horizons water-stable aggregates are
favoured, whereas in subscil horizons larger less stable
structural wunits of weaker grade ocour. The structural
developnent of the A horizon ingreases with the duration of
saturation, while that for the B horizon intensifies with
decreasing duration of saturation.

Vertisols are subject +to structural instability due to
alternate shrinking and swelling of clay in the dry and wet
seasons respectlively. Movement by flora and fauna is also
important to the structural develcopment of wetland =cils.

Rediztribuntion of sediments

Internal redistribution of sediments by erosion and deposition
can account for textural zonation and variation within wetland
goils, as well as irregular micro-relief. Surface wash
transports and sorts the veneer of material received from
higher sites, often with the preferential wash of fines
towards the dambo bottom (Perera 1982; Acres et al 1935}.
Meadows (1985} recorded limited erosion within Bunda Danbo,
Malawi but hie results gave some support to Mackel’s {1585b)
view that £he "wash belt" is the zone of sheetwash and maximam
erosion around +the dambo edge. In Zambia, Smith ({1985)
describes how, at the beginning of the rains, the sudden fall
of large drops on an unprotected surface where the soil is
light and sandy means the ground may be covered with a .short
lived sheet of muddied water which leaves a thin layer of
sediment after soaking, if the ground slopes sediment is
depaosited lower down. Where erosion of laterite outcrops
creates a scarp feature, the free face is often deeply eroded
but below the laterite the fFlood decelerates and drops its
load producing a marginal deposit of transported sand (Smith
1866).

Other factors may be important in the supply and resorting of
sediments in dambos, such as termites. An impertant scurce cf
sediment is earth freshly brought to the surface by ants and
termites; these uncongolidated heaps are particularly
susceptible to splash and sheetwash. Discontinuouns surface
drainage and subsurface piping also act to distribute
sediments (Meadows 1985; Mackel, 1985b). Sodic dambo solls
have been observed to be particularly prone to such suhsurface
erosion (Stocking 1979).

Conclusion

The periodicity of saturation is the wmost lmportant
deterninant of wetland secil processes. The fFfactors that
infiluence water table flux and therefore scil saturation have
heen discussed above. The seasonal nature of the hydrological
inputs will enforce seasonality in the soil processes,  for
example zoogenic activities; oxidation of organic matter, iron
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and manganese; and salt evaporation will all be predominantly
dry season processes, while reduction of Fe and Mn; organic
matter accumulation; leaching of salts; and redistributicn of
sadiments by water are associated with the webk season.

Wetliand solils develop in response to the suite of in sitwo
© processes as well as the catenary processes described sarlier.
Their propertiez therefore reflect a complex and dynamic
system. The affects of changes in wetland solil moisture regime
induced by natwral or man made disturbances are therefore
difficult to predict (see Section 7).

5.4 Wetland soil properties

Wetland soils share a range of properties common to
hydromorphic soils which these relate to both catenary and in
situ processes. These relatlionships are summarised in Table
1, while the common properties are listed in Box 1. Wetland
goils may not necessarily have all these properties, their
occurrence and extent will depend on local soil factors.

Soil heterogenity

& factor that cowplicates any description of wetland soil
properties is their heterogeneity, a feature, offten associated
with so0ils formed from colluvial/ alluvial deposits. Tarner
(1986) comments that damboe s=so0ils are wvery wvariable, osften
changing rapidly over short distances both wvertically and
horizontally, while Andriesse (1985) found wide wariation both
between and within inland wvalley so0ils because of
morphogenesis, location, hydrelogic regimes, lithelogic
origins and climatic conditions.

Heterogeneity in soil characteristics <can have important
implications for wetland cultivation. For example, the
variation in rice vields in inland valley swamps and bolis in
Sierra Leone is attributed to complex patterns of fertillity
{Millington et al 1985). Kyuma (1985b) similarly demonstrates
a wide variability in fertility indicators of wetland soils in
the tropics. Turner {13%77) attribute=s wvariable so0il
fertility within fadamas to heterogeneity of socils and to
uneven nutrient losses through leaching, ercsion, crop removal
and vegetatiocn differences. Internal variability of texturs
and drainage alsc complicate management decisions and restrict
the choice of c¢reops which are suitable. Further observations
of the heterogenecus nature of wetland soils on micro-relief
have been made (Dalal-Clayton 198%; - Whitlow 1980;
Christiansscn 19281).

Although if it is possible to characterise the soils of
wetlands in general terms (e.g. Box 1), individual wetland
sites will all have their own specific collection of soil
potentials and constraints. It is this complexity which must
be responded to by farmers’ strategies (see Part 1).
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Figure 8:

Properties common to wetland Soils and their

relationship to catenary and in situ processes.
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Box 1: Wetland seil properties -~ implications for agricmltural
and grazing use

Poor drainage: A common proparty of dambo soils is their poor
drainage, indicated by the presence of a ¢gley horizon within
100 cm of the surface. BSeasonal waterlogging results in
mottling and gleving. Poor or variable drainage in wetlands
restricts the choice o©of crops, although some cultivation
techniques, such as ridging and mounding enable more crops to
be grown in these areas.

High clay content: Clays increase down the slope as well as
down the profile due to translocaticn and ferrolysis. Ahrupt
textural boundaries of sandy soils over heavier clayey soils
in wetland profiles can act to hinder root penetration and may
lead to ponding of water in the upper horizons. The
impermeability of the clayey subscil may be accentuated by
compaction caused by mechanised agriculture and grazing.

Syrface organic matter accumulation: Aocoumuiation of some
crganic matter due to waterlogging benefits the scil by

. improving water holding capacity, CEC &and structural
stability. However, excessive amounts of undecomposed organic
material under wet conditions do not preduce an environment
favourable for crop growth.

Ferricrete deposits; Subsoil ferricrete deposits, due to
waterlogging and transliocaticn, can becone impermeable
barriers to root penetration and water drainage thereby
constraining crop growth. Where iron deposits have
irreversibly hardened and cemented upon exposure to air they
"render the so0il vnosable.

High pH levelg: Soil alkalinity may increase due to receipt of
translocated bases downslope; evaporation; or from redox
conditions in alkali soils. In contrast to relatively acidic
interfluve soils, plant nutrient availability (ard therefore
soil prodactivity) will be greater in wetlands soils 1if pH
levels approach the PH 6=7 range. In some circumstances
evaporation of salts in wetlands may lead to accumulation of
harmful concentrations at the soil surface (eg. salinisation).

Low pH levels: Soil acidity may increase due to redox in acid
soils, ferr01y51s and leaching. In situ =secil processes can
result in the leaching of salts and development of acidity.
Excessive wetness for long periods results in dilution and
washing out of plant food. Surface water gley scils tend to
be chemically poor, as years of leaching under reduced
conditions in the wet geason, alternating with oxidation in
the dry season, have reduced the clay content, CEC and base
saturation in the surface and near-surface horizons.
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G THE INFLUENCE OF WETLANDS ON STREAMFLOW RESPONSE

.Wetlands are well placed within drainage systems to influence
streamflow. They can be considered as areas where water from
the upland catchment is interrupted in its passage to the
stream channel, hence the concept of storage, transfer or
buffer area has developed (Figure 7).

The feollowing discussion is based largely on research carried
out in damboe catchments in southern africa. A number of
opinions exist aon the ability of wetlands to store water and
to influence streamflow regimes. Two main views are held:

- that dry season flow is maintained and flood peak=s
suppressed by wetlands due to their high storage
potential;

- that wetlands do not maintain flow and may even reduce
yield because groundwater storage is depleted more by
evapotranspiration than by baseflow.

Bullock (1o88) has prepared a comprehensive review of results
of empirical studies on the effect of dambos on catchment
yvield, baseflow regimes and storm flow generation. Some of
his peoints are repeated here.

6.1 The effect of evapotranspiration on catchment yield

The wvolume of water available in the wetland to contribute to
gtreamflow is determined in part by the extent of
evapotranspiration from the catchment. Given that some
workers (Balek and Perry 1973; DRU 1987) have observed that
the dambos and woodland communitiesz evapotranspire at
different rates, some argue that it is the relative extent of
these two communities in the catchment which will deternine
catchment yield.

Rezsearchers looking at wvariation in annual vyield from basins
containing different proportions of dambos have come to
different conclusicns, although there is rather more emphasis
on a role which reduces both total yield and baseflow (British
Geclogical Society 198%).

Balek and Perry (1973} found that although evapotranspiration
from miombo woodland was three times that from danmbos, the
annual volume of runoff from the feour catchments they studied
in the Luanco basins, Zambkia was independent of the extent of
dambos. They attributed wariability of annual runoff to
fluctuating evapotranspiration from the woodland community
alone, with evapotranspiration from the dambo being constant
because of annhual saturation.

In Zimbabwe, Bullock (1288) found similarity between dambo and
woodland evapotranspiration losses, and concluded that
catchment yvields are independent of dambo density, although he
doe=s note that within areas c¢f more deeply weathered
ragolith, where greater recharge occurs, the effects of dambos
in promoting dry season evapotranspiration losses can be
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identified. Consequently he does not support the hypothesis
that dJdambos reduce annual vield +through dry sSeason
evapotranspiration.

Others, however, report that dambos reduce catchment yields by
increasing evapotranspiration losses and observations of low
flow are used to support views of reduced yield with
increasing dambe density (Hill and EKidd 1950; Drayton 1986
cited by Bullock 1258). The ambiguity in research findings is
likely to relate to wariationz in dambo type dependent on the
state of geomorpholegical development (British Geclogical
Society 1989).

6.2 Dry season flow

It is commonly believed that dambos increase the duration and
magnitude of dry season flow by acting as a sponge which
gradually releases water from dambo storage. This sponge
medel is popular but considered tToo simplistic by =sone
researchers, particularly now that resulits are available fraom
empirical studies showing that depletion of ground water
. storage due to evapotranspliration losses can exceed those due
to dry season flow. Begg (1986) considers that wetlands have
a dual role, =since they both =sustain, (through storage) and
deplete (through evapotranspiration) water yields (Figure 2).
Water storage is a function commonly attributed tco wetlands
although storage capacity depends on the size of the bkasin,
the level of the water table, the nature of the soil and the
depth to.which it is permeable,. while releaze is .determined-
geclogically or topographicalty (ibid).

‘Arguments can be presented both to =support and to dispute the
hypothesi=s that wetlands sustain and regulate flow; although
there wonrzld appear to be mnore evidence available which
disputes the hypothesis.,

Evidence suggesting that sietlands sustain streamflow

Comparing winter flow data from Lunsemfwa and Mulungushi
catchments in Zambia, Xanthack (1945, cited by PBullock 19288)
argues that dambes maintain dry season flow, with greater
ground storage of the Lunsemfwa catchment ascribed to more
extensive dambos. Schulze (1979, cited by Begg 1986) showed
that flow from a wetland buffered catchment in South Africa
was higher and 1less wariable than  from a neighbouring
unbuffered catchment and that streamflow was prolonged. Gill
{1874, cited by Turner 1977) explains the smoother hydrograph
of the lower Sokoto~Rima basin in Nigeria compared to the
variable discharge characteristics of the upper basin to
gradual release of water stored in fadamas.

Evidence suggesting that wetlands do not sustain streanflow

The major exXplanation for observations that dambos do not
maintain dry season flow is that depletion of groundwater
reserves occurs through winter evapotranspiration processes in
the catchment, =¢ reducing water avallable for dry season
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Ficure 9: The dgualistic role of wetlands

in the hydrologicalk

response of the catchment (Source: Begg, 1986)-
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flow. A dry season water balance was calculated by DRU
(1987) Tor the Chizenageni catchment, Zimbabwe indicating that
the volume of dry season streamflow is very small (14.2 x 103
n3) conpared to evapotranspiration losses (310 x 103 m3).

The relative significance of evapotranspiration rates from the
dambos and woodland communities has been considered. Balek
and Perry (1973) found that in the higher, flatter parts of
the catchment, =all the water storage can be taken up by
evapotranspiration so that outside the dambo area only the
trangitive zone contributes towards baseflow.

In Malawi, Drayton et al {1980, cited by Bullock 1988) found
no significant difference in late dry season flow of basins
with and without dJdambos. Thi= was attribnted to low water
novensent rates of the dambo providing a source of water for
vegetation during the dry season without releaging water to
the river. Low water movement rates and limited storage
capacity of dambos were cited by Muneka and Mwassile (1986) as
an explanation for low dry season flow.

Bullaock (19288) suggests that dry sicason baseflow from three
small dambo systems he studied in Zimbabwe may be explained by
rapid depletion of water from the upper horizons of the dambo
by evapotranspiration, such that dry season water tables are
confined to the gleyed zone which is inaccessible to roots and
represents the main storage component of the dambo.

According to the hydrological model developed by DRU (1987) of
the Chizengeni dambo, Zimbabwe, during. the early dry season
water passes from the replenished aguifer above the dambo into
the upper dambo where plant growth is vigorous and
evapotranspiration hicgh. From here, some water passes into
the lower dambo with further evapotranspiration losses, while
some reaches the dry dambo bettom, the rest going ont into the
stream as catchnent baseflow. Az the dry season proceeds
there will be reduced replenishment of lower d4ambo storadge
because of reduced hydraulic conductivity as the upper aguifer
is depleted. This means that less water leaves the aquifer
and evapotranspiration losses from the upper dambo continue.
The lower dambo and the dry dambo bottom begin teo dry out, and
water reaching the stream as baseflow is depleted. Towards
the end of the dry season, £low from the upper aguifer is only
sufficient to provide for evapotranspiration from the upper
dambo and there iz ne surplus for the lower dambo.

Contributicns from upslope aguifers to wetlands

Maintenance of dry season flow ¢an be contrelled from sources
other than wetlands. DRU (1987) contend that the principle
aquifer storage during the dry season lies beneath the upper
dryland area of the catchment; the dambo having only limited
aguifer storage which is ‘depleted <early. Bullock (1983)
suggests that where storage capacity is shallow, and winter
potential evapotranspiration rates are high, dry season flow
cannot be maintained by dambos alone and it iz likely that
subsurface contributions from the zregolith can continue to
raeplete the dambo’s pgtorage throughouvt the dry season, <oan
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contribute to the savaporation losses at the dambo margin or
can contribute to streamflow by passing beneath the damba.

Savvides {1981) similarly attributez control of swamp duration
to the upalope arrangement, =slope and depth of strata while
Begg (1986) chserves that upslope storage 1is due to the
resistance of wetland plants (Figure 10).

Clearly the role of wetlands in sustalning dry season flow is
not as sinple as previously imegined:; contributions from other
aguifer sources need to be considered as do the effects of
evapotranspiration throughout the cat¢hment. The impact of
land use change in different parts of the catchment are
therefore likely to be complex (see Section 7).

&.3 Storm Flow

Balek and Perry (1973} =state that under the moist ¢onditions
of a high rainfall area of Zambia, maximum ground water
storage capacity is not sufficient to store sll the rainfall
during the rainy season. The dambo therefore becomes the main
gource of surface runcff. They found that surface runoff
occurred from & high percentage of the dambo area, and that
aurface runoff formed the largest part of the total runoff in
all catchments containing a dambo. This they attribute to
overstorage of +the dambo aquifer. Robertson  (1964),
monitoring danbo drainage in Zimbabwe, similarly found a. large
proportion of storm =urface runcff was derived from undrzined

gsaturated dembo areas. Bullock (1988), however, found that - .

danbos were J.nslgnlflcant in storm flow generation atkt the
regional level in Zinbabwe. .

Other workers argue that dambos act to attemate floods due to
their storage characteristics (Schulze, 19797 Archer, 1980:
Drayton et al, 1980). Flood suppression has been attributed
to a greater capacity for overbank storage in the danbo
catchment, while the reported delay and attenuation of storm
runcff and flcod peaks has bheen attriboted te the soil
-moisture deficit of the dambo in the early wet season, with
surface runoff commencing only when the dambo is saturated
{Bullock 198%: Kanthack, 1945; Balek and Perry, 1973).

Resistance of dambo grasses is alse considered important in
delayimg the start and increasing the duration of run-off
(Muneka and Mwassile, 19%6; Balek and Perry 1973; Begg 1%86;
Figure 10).

Bullock {(1988) suggests that the differing observations of the
effects of dambos on storm flow may be dus to the fact that in
higher rainfall areas, like Luanc catchment, Zambia {1270 mm
mean annual rainfall), dambos are saturated each year, and
therefore conducive to runoff generation. Such conditions are
constant vear by yvear so annual volumes of surface runocff are
directly proportional to annual rainfall inputs (Balek and
Perry 1973}. In low rainfall areas, however, where danbos
have been interpreted as flood suppressors, it takes longer
for a dambo to become saturated before runoff occurs and
variations in rainfall will bring about wvariations in storm
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flow response. This would apply both on sandy damhos, because
of infiltration rates, and on monhtmorillinitic dambos, because
of storage within cracks.

6.4 Other Catchwent Components

Dambos are not the only catchment components which influence
streamflow response. Although relaticonships between danbo
density and streamflow have been identified, it is pointed out
that dambo density may be considered a direct expression of
relative relief within a basin, and that this may directly
influence baseflow regimes, rather than the dambo itself, as
indexed by the mean annual flood (Bullock 1988). Bullock
{1988) also found that dambos are not digtinct from other
hillslope components in their storm flow generation.

6.5 tonclusion

From his review, Bullock (1988) concludes that although dambos
are recognised as important in influencing streamflow
patterns, the nature of the influence is complex. Variations
in rainfall inputs, soil moisture deficit and local variations
in dambo characteristics mean that there is no single
characteristic response. Tt is difficult therefore to predict
the hydrelogical impact of agricultural development in the
catchment, although with some iimited understanding of which
catchment features - (dambo and woodland} influence water
storage and. evapotranspiration losses, it should be possible
to develop some general model of impact (see Section 7). -

v  THE IMPACT OF LAND USE CHANGE ON WETLANDS
7.1 Introduction

Wetlands are components of a dynamic landscape, their function
and characteristice controlled by upslope and in situ s0il and
hydrological processes. Disturbances both upslcope and within
the wetland patch itself can affect these processes and result
in fundamental changes to the wetland system which may even
threaten their existence. '

Wetlands may be degraded in two waysi either through lowering
of the water table which leads to drying out, or through an
increazed rate of erogsion leading to destruction through
guliving or removal of deposits downstream.

in Zimbabwe the causes of desiccation and channel incision
within dambos are yet to be established, as it is difficult to
judge whether climatic changes or humans’ activities have a
greater impact (Whitlow 1985; Rattray et al 1953). Stocking
(1978, 1981) suggests that natural factors may be as, or nore,
important than human factors in the initiation of erosion in
the Communal Lands. In Zambia, Mackel (1928ba) attributes the
jnstability of +the zonation of danbo vegetation at the
baundary between mniombo and grassland to ecological
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influences, as well as the impact of man. Walsh et al (1388}
observe +that the hydrclogical consequences of rainfall
decline in the semi-arid areas of Sudan vary because of a
variety of human responses and associated hydrological and
agricultural impact.

As there is no such thing as a typical wetland it is difficult
to identify a typical wetland response to changing land use
patterns. Each catchment is s=subject to a variebLy of
environmental conditions and each has experienced a different
land use history.

7.2 Bffects of land use change on hydrological status of
watland - :

Land use changes can have an Iimportant effect on the
hydrological processes of evapotranspiration, 4infiltration
and on wetland storage capacity, all of which are important to
the wetland’s potential as an agricuitural rescurce, as well
as its ability to contribute to streamflow.

" Imfiltration

‘The importance of infiltration to hydrological and catenhary
processes is clear. Infiltration is affected by plant cover,

soil and rainfall characteristics. Vegetation ¢can enhance -
infiltration by reducing +the Ilimpact of raindrops on the. .
surface through interception; by promoticn of good surface ..
s0il structure through organic inputs: by the accumulation of .. . .

litter at +the surface which protects the soil surface and
slows down overland flow:; and by deep rooting which aids
percolation. Soil +texture, soil moisture status, organic
matter, structure and clay types are the important seil
properties influencing the infiltration capacity of the =soil.

Human activities can have a considerable impact on the nature
of the plant cover through clearing or medifying the natural
vegetation, and on the properties of the soll by introducing
cultivation and grazing. Although not always deleterious,
these practices can result in reduced infiltration, the
consequences of which are twofold:

Firstly, reduced infiltration will result Iin more surface
runcff and a greater and more rapid loss of water from the
catchment. The time lapse between the start of storms and
initiation of surface runoff will be reduced s0o inputs teo the
wetland from upslope and resulting streanflow response will be
more rapid with fleooding often occurring downstrean. With
increased runcff, throughflow is proportionately less and the
recharge of ground water storage falls with the result that
hageflow vields also fall and desiccation can result. Whitlow
(1983} observes that land use activities that reduce
infiltration induce a greater degree of aridity, which once
started is reinforced in a cycle of less scil moisture-less
plant growth-less plant cover-more surface crusting and
erosion-more runoff-=less soil meisture.
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2 fundamental danger to wetlands is therefore that of dryving
up, a risk accentuated by overuse of water supply for watering
stock or  for irrigation whichh can further lower the water
table (Rattray et al 1953; Turner 1986).

Secondly, increased runoff increases the risk of soil loss
through surface wash and rill erosion processes. Erosion can
result in change in wetland fornm due to deposition of sediment
derived from upslope or removal from, and redistribution of
sediments within, the wetlangd itself.

Evapotranspiration

Considering the water balance in simple terms, any changes in
land use that reduce evapotranspiration will result in more
water being available for ground water storage, conversely
those that increase evapotranspiration will have the opposite
effect,

The type, extent and seasonality of vegetation affects
evapotranspiration and it is generally expected that rates
from cropped and grazed land are less than from wooded land.
Land use changes, in that they involve modification of
vegetation, will therefore have an impact on the hydrolegical
status of the catchment. The relative evapotranspiration
rates for different land use types and the proporticn of this
iand use in the catchment i= the Xkey to. the extent of this
impact.

Some zones in the interfluve and the wetland have been noted
to evapotranspire more rapidly, for example, the upper dambo
zone (DRU 1587) and dambo margins (Bullock 1988). Balekx and
Parry (1973} recorded the highest evapntransplration rates at
the Ffiat interfluve crests in mniombo woodland in Luaneo,
Zambia. Land use changes at these peoinis will consequently
have the greatest impact on the hydrclogical system.

Storage capacity

The reduction or removal of wetland wvegetation with grazing
and cultivation can affect wetland storage capacity. Hindson
(1961) commented that observations of dambos losing their
sponge effect when grass 1s removed suggest that dambo
vegetation is an important factor in the maintenance of dry
seasen flow, as well as fleood suppression. Both =oil
properties and wetland slope and depth can be modified if
large ~amomnts of sediment are deposited or removed due to
ercsion upsleope or in the wetland. Deposition of sediments can
result in making the wetland shallower therehy reducing its
storage capacity and may eventually result in the wetland
being completely clogged up. In Zimbabwe the threat to dambos
of siltation may be inferred from the extent of siltation
recorded in dams and weirs, which can be in excess of 50%
(Elwell 1933b) Changes in soil ocrganic matter status and
distribution in the profile upon cultivation or burning can
also =affect storage potential. In Western Zambia, Brammer
and Clayton (1973) attributed loss of water storage capacity
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to peat shrinkage rasulting from dambo drainage. Exposuare or
disruption of deeper =il horizons in wetlands, which are
protected £from evapobranspiration and act as the main dry
season storage component (Section 3), may also ocaur +through
cultivation and affect dry season flow.

In summary, change in the hydrological status of the catchment
brought about by land use activities may result in increased
erogsjion and desiccation in wetlands, as well as 1in the
catchment as a whale. The economic Impact of such changes
must now be considered.

7-3 Land nse practicez apd their consequences
Woodland
Upslope woodland

Woodland is generally the natural vegetation of the interfluve
areag in savanna and wetter areas of Africa, which, although
rarely undisturbed, does provide a permanent surface cover
unless it is in a wvery degraded condition. Plantation is an
alternative forest cowver which can also offer good cover
except during the initial clearance stage.

The hydroleogical function of forests isg well studied,
particularly their role in promoting infiltration, thereby
sustaining perennial flow, reducing freguency and magnitude of
floods, and reducing erosion. Deforestation causes dramatic

shifte in wvarious components of the hydrolegical cycle. Lal -

(1983) found deforestation in the humid tropics caused : an
increase in direct runoff and baseflow which was associated
Wwith a corresponding decrease in so0il water storage,
evapotranspiration and surface water detention. A number of
examples of the effects of forest cover removal on catchment
yield can be cited. For example, in Zimbabwe the annnal yield
from the Upper Save basin was 50% greater in 1978 than 1955
and was attributed to a reduction in the extent of natural
woodland in the upper basin (Du Toit 1985). In the Luano
basins, Zambia removal of 95% of natural tree cover and
settlenent by subsistence farmers resulted in an increase in
total annual flow of more than 50% (Muaneka and Mwasslle 1986).
The effects of deforestation and change in land use on the
hydrological balance have been treviewed by Perera (1973);
Hibbert (1967) and Lal and Russell (1981).

The consequences of upslope forest clearance for wetlands will
be an increased movement of water through the system. This
may initiate gqullying through & larger surface runoff
componant. Thus erosion can ogcur in wetlands purely as a
result of changes in land use activities in the toplands. In
Sierra Leone clearance of upland wvegetation for cultivation
resulted in erosion and downstream flooding leading to wetland
areas being abandoned (Jelloh and aAnderson 1985). Turner
{1977) warns that increased floeding from uplands in central
northern Nigeria due to vegetation clearance leads to
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destructive flooding of fadamas and deposition of large
gquantities of sediment which might bury crops.

The benefit of forests in the promotion of infiltration and
naintenance of flows is balanced by reduction in the actual
volume of discharge due to evapotranspiration. Forest
clearance and alternative land use usually results in reduced
" evapotranspiration loss, leaving more water available for
interflow. Without the effects of increased surface flow due
to clearance, this would result in meore contributicns ta the
wetland system through seepage and an associated rise in dry
seascon flow. In Senegal an increase in ground water level in
wetlands fellowing forest clearance was calculated to be maore
or less eaqual to the cumulative transpiration of the forest
vegetation during the dry =season of 4-5 months (Charreau and
Fauck 1970, c¢ited by Veldkanmp 1%86). In NHigeria riges in
water table levels in the period 1%940-1969 were thought to be
the result of reduced transpiration leosses through vegetation
clearance (Jones 1960, cited by Turner 1977). Turnexr (1977)
however, points out that increased Jgroundwater recharge
following wvegetation clearance may only apply to more arid
areas. If efficient water users, such as Bucalyptus species
or irrigated crops, replace the matural forest on the topland
slopes, ewvapotranspiration losses would Increase and
reductions in discharge would result.

Ecugh (1986) preoposes that manipulation of vegetation
structure and species compeosgition of miombo woodland in
southern Africa. can nodify. evapotranspiratlion losses and offer.
most potential for increased dry season baseflow.  DRU (1587)
consider that removal or addition of teopland trees may have a
more important influence through ' evapotranspiration logsses
than cultivation on the damboc itself. They suggest that
removal of miombo woodland for cultivation or grazing in the
Communal Lands of Zimbabwe resulted in reduced
evapotranspiration and may have contributed to reactivation of
dambe systems marginal areas for their distribution.

Wetland forestry

The effect of tree planting at wetland margins is generally
considered to cause drying out. This, however, 1is a
. controversial issue. Clearly the species, density of planting
and wetland stability are all important factors. For instance,
Fucalyptus planted adjacent to wetland areas have resulted in
desiccation in some areas. Rattray et al (1953) conclude that
in southern aAfrica, trees in wetlands only constitute a danger
to water supplies in marginal rainfall areas.

coltivation

Whitlow {(1983: 1989) considers that the hydrelogical inmpact of
cropping in the catchment is greater than that of forests
since sparse plant cover and poor conservation can result in
reduced infiltration, rapid runoff and irregular streamflows.
The effect, however, is wvariable depending on the nature of
the site and the precautions taken to prevent excessive runoff
and soil erosion.
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The c<crop type and the =seascnal patterns of cultivation are

dmportant with respect to. extent and timing of cover, which

influence the Iinfiltration rate. Where crop canopy 1s sparse
there is less interception and rainsplash occurs on the =soil
surface. Crop type, stage of growth and density of planting
all affect the extent of cover. Timing of cowver i= also
important as late planting means =soil is exposed to most
intensive storms at the beginning of the rainy season. The
crop tvpe, its density, vield and management also deternmine
how much plant litter is added to the scil to increase organic
matter content (and so improve water storage capacity) and to
protect the surface.

Disturbance of s¢il by cultivation practices affects
infiltration capacity and so0il mnoisture retention and
therefore the rate of runoff and erosion, the effects varying
with the type of cultivation (Kowal 1969; Whitlow 1983;
Staples 1939). Hoeing can help break up the surface and
increase infiltration capacity and, where deep ploughing mixes
heavier texture from below with lighter texture above, this
increases the moisture retention. Compaction, resulting from
mechanised cultivation, however, can degrade soll structure
and reduce infiltration. For example plough pans readily
develop in some sandveld zoils under mechanised agriculture,
resulting in increaesed runcff and ercsion. Mechanised
agriculture may also exacerbate the impermeakility of the
abrupt textural boundary in some duplex soils.

Upslcope cultivation

Cultivation of surrounding upland may have & greater effect an
moisture conditions of wetlands than cultivation of the
wetland 1itself (Rattray et al 1953).- In that upslope
cnltivaticn usually replaces natural vegetation, the effects
are inseparable from the consequences of woodland clearance;
the overall effect generally being reduced infiltration and
increased runcff and erosion. Studies which conpare
infiltration rates, runoff and sediment losses under different
land use and cultivation methods dJdemonstrate this (Staples
1239; Dalal-Clayton 1980). Again the extent of loss depends
on the protection afforded to the land. Erosion of a similar
intensity as on overgrazed plots was recorded on unprotected
cultivated fields on the upper and lower pediment slopes in
Ugogo, Tanzania {(Christiansscn 1981).

The hydrological conseguences of reduced infiltration have
been considered above. Begyg (1986) reports how intansive
farming and grazing of the Blaaukrantz River catchment,
1nc1ud1ng watlands, in South Africa resulted 1n sSevere
erosion, as well as the flow of the river ceasing to be
perennlal In Eastern Zambia it is suggested that sheet
erpsion, accentuated by poor farming practice, is responsible
for the occurrence of soils with a deep organic rich topsecil
below cultivated fields (Dalal-Clayton 1987). Mackel (1%85bh)
observes that in some areas miombo woodland is cleared close
to the dambo for cultivation, leaving the surface unprotected,
with the result that erosion is accelerated and the gradual
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lowering of the surface occurs exposing the area to freguent
waterliogging or even flooding in the rainy secason.

Removal of soil from topland areas through sheet erosicon may
have a range of effects on bottomland areas. Changes in soil
structure (e.g. removal of organic matter/upper horizons) will
have an impact on catchment hydreleogy: increasing run-off and
reducing infiltration. This may act te increase surface flows
to battonland areas, but alter their seasonality and
concentrate their impact on particular run-off events. 5Such
changes in so0il properties may thus act to impair the
requlatory effect of the catchment area on system hydrology.
Scil loss from the catchment area may alsce result in increased
deposition in the botiomland area. Depending on the type of
soil removed, this may act to increase or decrease the soil
fertility of the bottomland areas.

Concentrated flows of water channelled by gullies formed on
the topland areas are most likely to have defrimental effects
on bottomland areas, creating incised gullies within the
valley bottomiand. Concentration of run—-cff into wvalley
bottomlands is an increasing phenomenon in Burkina Faso (Reij
et al, 1988: 57). PRun—-off no longer spreads across the valley
bottom floor, but concentrates aleong central drainage
channels. The result has been gully formation which may
incise backwards up to 40-50 metres per year. The
construction of semi-permeable rock dams within gullies has
gstarted in many areas to reduce the impact of this degradation
{see Part 1:; Part 3b).

The construction of upstream dams and irrigation schemes on
the downstream productivity of bottomland areas has been a
major issue in northern Nigeria ({Adams, 1988; »2adans and
Hollis, 1%989). Reductions in flooded area and lowering of
water tables in floodplain agriculture have resulted in
reductions of yields (see Part 1; Part 3a).

Wetland cultivation and scil erosign

Under natural vegetation, erosion rates from wetlands are
generally not high. In dambos, for instance, gradients are
gentle and continuous channels are absent, outflow is
therefore slow and prolonged. - Consequently erosion is
negliigible with some fine particles transported down the
valley, while coarser materials are deposited (Acres et al
1885). Meadows (1985) recorded small ercsion losses (0.01-
.36 t/hasyr} from the three zones of Bunda Dambo in Malawi
with maximum loss from the upper wash zone. Xyuma (1985b),
discussing wetlands of the tropics in general, considers that
wetland socils are immune to erosion hazard thereby making
fertility preservation easier.

In +their natural state, wetlands are well protected Dy
vegetation from the effects of sheet and guily ercsion, with
dense plant cover intercepting overland flow and diminishing
its erosive power (Roberts and Lambert 19920; Begg 1986).
Mackel (1985b} observes, however, that grass cover in dambos
and woodland seens to favour sheetwash, whilst cultivation and
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cattle trampling leads to linear erosion which results in the
formation of discontinucus gullies or stream channels.

Cropping systems generally coffer less permanent cover than the
natural wetland vegetation, thereby exposing the seil to an
increased risk of erosion. Surface exposure, however, 1is a
function of the system of cropping and the level of use. For
example, dry seascn cultivation, where it increassas ground
cover above that of heavily grazed wetlands, will reduce
gurface runoff.

Good cultivation husbandry with ploughing across slope and
many physical barriers which act tec increase surface roughness
fcompared to grazing) can all reduce ercsion hazard. In
Zimbabwe, DRU (19287) note that garden cultivation reduces
surface runcff conpared to heavy grazing. In Zambia, Acres et
al (1985) alsc report that dry season garden fences in dambos
act as effective barriers to erosicn. Similarly rilce
cultivation technigues enhance the advantage of wetland
immunity to ercsion, with bunds constructed for paddy rice
designed to intercept runcff.

Scme sclils are more erodible than others, for example, sodic
scils, sometimes found in lower dambo sites in Zimbabwe and
Zambia, are very dispersive and particularly wvulneralble to
erogsion. Clearly these scils should be treated sensitively.
DRU {1987), however, found that garden cultivation appears to
conserve rather than threaten this type of s0il against guily
ercsion at Chizengeni dambo (where ESP wvalues are in the
dispersive range).

Sadiment vields from six plots on cultivated dambo =soils-at
Chizengeni, Zimbabwe 4id not exceed 1lt/ha/yr, indicating that
sheet ergsion is not a significant problem. The highest rate
was recorded on a maize field plot and the lowest from a plot
with high slopes, but a good cover of short grass (DRU 1987).
According to DRU (1987) the main areas subject to sheet wash
are the dambo margins, soil removal here being. a function of
slopa length and agricultural practices upslope; the greater
the length of uninterrupted slope on the interfluve slopes,
the greater the wveolume and velocity of water running off and
therefore the greater the potential for erosion in the danbo.

Wetlands are also at risk of destraction through gullying
{Agnew, 1973). Turner (1977) reports that many former fadanas
have been destroyved by gullying in the EKano basin, and that
those with incised streams are particularly susceptible to
gully initiation, while cultivation may lead to re-incision of
formerly stabilised gullies. Guiiying is also considered to
be the major erosion problem for Zimbahwe dambos. DRU (1987),
however, found that soil loss through gully eresion could not
be correlated with levels of cultivation. In fact their data
suggests that serious gully erosion is often assoclated with
factors other than cultivation, such as scil type and grazing.
Whitlow (1989} similarly found no spatial correlation between
gullying and cultivation or settlement density in Zinmbabwe,
but found an association with grazing, with the initiation and
growth of gullies corresponding with livestock increases, as
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wall as rainfall wariations. Dalal=Clayton (1988) alsco
observes that poor road and mitre drain maintenance are major
cangses of gully development in the plateau areas of Zambia.

Work in Simbabwe suggests that there 1is no evidence that
traditionai dambo cultivation poses a greater erosion hazard
than other land use practices (e.g. DRU 1987; Lambert et al
1990). <Clearly soil erosion is related to land use patterns
on the catchment as a whole and not Jjust activities on the
wetland itself.

Wetland cultivation and water resources

The extent of dry season evapotrangpiration from the wetland
will affect the amobunt of water available for dry season flow.
In considering the impact of wetland cultivation on water
resources 1t 1s necessary therefaore to compare
evapotranspiration rates from different c¢rops (and their
nanagement systems) with +those from natural wetland
vegetation. Begg {(1986) suggests that maize evapotranspires
at a lower rate than normal wetland plants and o might be
congidered as a means of conserving groundwater. Ratiray et al
(1252) obsaerve that winter crops increase evapotranspiration
losses in dambos in Zimbabwe and that ploughing exposes the
damp scil surface to high evaporation rates of the dry season.

DR (1987) consider that cultivation on dambos without
irrigation is unlikely to significantly alter the evaporative
water use conpared *to intensive grazing. The effect of
cultivation on the dambo with irrigation is discussed with
reference to the model developed for the Chizengeni dambo,
Zimbabwe. During the dry season the water stored in the
aquifer above the dambo is separated from the stream and lower
dambo by a relatively impermeable barrier. The lower areas of
the dambo which might contribute to streamflow consequently
dry out early in the dry season. Cultivation in these lower
areas could result in early cessation ef streamflow
(cultivation in these areas, however, was not cbhserved in any
of their study sites). Even when streamflow ceases, water is
still available in the upper areas of the dambo and increased
usage here should not affect late dry season flow, but instead
will affect the aquifer above the dambo. This depleticn of
the non—-dambc aguifer upslope will reduce slightly the
contribution of subsurface flow which recharges the dambo
storage. Irrigation in the upper dambo therefore, may lead to
a small decrease in early wet season baseflow.

The effecte on upslope agulfer storage and recharge, and
streanflow of bringing a heavily grazed dambo under irrigated
cuitivation were considered for Chizengeni dambo, Zinbabwe.
Estimating an increase of crop coefficient for a range of
vegetables to be 30% over dambo grazing, analysisz shows that
if 10ha are intensively cultivated and irrigated then the
water +table in the non-dambce zone would fall an additional
50mm, 2.%% of average fall (1.72m). If, however,
evapotranspiration were increased by 60%, due to drought or
different crops, and the whole of the upper dambo zone (34haj
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was irrigated, then it is predicted that the water table in
the aguifer would fall an additional Z20%.

Given this analysis and discussion, Lambert et al (1990)

consider that only when extensive cultivation of dambos takes
place with mechanised pumping from wells is there likely to be
a saerious depletion in ground water resources. They recommend
continuing with micro-scale irrigation which can ba
environmentally sustainable and suggest a three fold increase
in present levels of cultivation with environmental
safeguards. The economic justification for this strategy of
sustainable, use as an alternative to conplete preservation,
has bheen discussed in Part 1.

Draj ure regime

Wetland cultivation sometbimes requires drainage for proper
root development and aeration. The principle danger of such
drainage 1is the risk of development of a guliy dowm the
centre, with the resault that the water table is lowered and
the wetland dries out.

Turner (1986) reports a rapid fall in the water table early in
the dry season following wetland drainage and scouring of
drains which become gully heads. Similarily in Zimbabwe, prier
te 1950, dquliying caused by concentrated runcoff from deep
ditching practised by commercial farmers resulted in water
tables being lowared and dambos drying out {(Whitlow 1990).
The effect of drainage can differ with different scil £ypes.
Acres et al {1985) note that if a deep drain is dug ox. if a
gully Fforms on sandy =oils, the effect would be to drain the
dambo over a wide area and reduce storage drastically, whersas
drains and gullies on clay soil have a less direct effect, as
water wmovement 3is slower. Storage capacity can also be
reduced when the wetland dries out through destruction of
vegetation cover, and oxidation of humus and peat shrinkage,
the latter is described by Brammer and Clayten (1973).

In discussing vleis in Zimbabwe, Rattray et al (1952} notes
that the wetland moisture regime should not bhe altered too
much by drainage. They conciude that drainage need not be
deleterious and, where it is carefully controlled and pernits
efficient use of the wetland on a sustained basis, then it is
acceptable. Turner (1977) warns of the danger of increasing
soil =salinity if large scale irrigation schemes are
introduced in wetlands without drainage.

Hough (1986) concludes that the overall effect of draining
dambos on dry season baseflow 1is unglear since, although
drainage and channel development of the dambo will lower the
water table and allow vegetation sstablishment, it will also
reduce dry seasonh evapotranspiration.

cultivation and wetland scoil propertiesg

Wetland degradation is not restricted to erosion and
desicocation; less tangible changes in soil physical and
chemical properties can result when wetlands are cultiwvated.
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For example, Dougnac (1987) ncotes that garden cultivation can
result in changes in chemical and physical properties of dambo
s0ils.

Mozt cultivation practices will result in a change from a
seasonally anaerobic to a largely aercbhbic regime (Roberts
1988). 24 change in the mnoisture ragime brought about by
drainage, cultivation or irrigation wiil affect the suite of
in situ processes asscociated with seasonal waterlogging which
were discussed 1in Section 5. For instance, a decline of
organic matter content can result from oxidation following a
change to an aerchic regime with cultivation and drainage. A
decline in organic matter content brings deterioration of soil
strucinre, fertility and water holding capacity, as well as
predisposing the scil to the risk of erosion.

DRU (1287) considered the effects of cultivation on so0il
organic matter in dambos in Zimbabwe, comparing culitivation
plots with adjacent grazed areas. They found that mean
organic matter lewvels were consistently lower for cultivated
than uncultivated plots (4.1% wersus 3.%%) but that the level
of organic matter of cultivated dambo soll rarely falls below
2.5%. This suggests that, having declined with initial
cultivation, organic matter levels appear to subsequently
stabilize at >2%:; a level capable of mnaintaining soil as =a
faertile rescurce.

Two eaxamples of contrasting respense of wetlands to
cultivation are given for Zimbabwe. In the case of the
Charter wvleis, drying out was attributed teo continucus wheat
cultivation resulting in- the breakdown of organic matter;
ploughing across waterways with consequent gully formation;
drainage o©of the dambos; and a series of dry years. In
contrast, the granite dambo areas of the Hillside Experiment
Station sustained fertility after 20 wyears of cultivation.
This was attributed to maintenance of organic matter levels
with regular dreen nanuring, manuring and fertiliser
applications which produced a highly productive piece of land
{Rattray et al 1953). These exampies demonstrate the value of
mRaintaining organic matter levels in wetland cuitivation.

Chemical changes upon oxidation also affect soil reaction and
consequently nutrient availability. Dougnac (1987) describes
how once drainage is established ferrous ions will ke oxidised
to ferreic and the pH of the soil falls. Sulphur oxidation,
which can occur when wetland seoils are drained, is also an
acidifyving process. Irreversibie hardening of iron deposits
can also occur upon exposure to air. - Agnew (1973) describes
how in Mkwinda dambo, HMzlawi, a fall in dry season ground
water lewvel brought about by incision of the channel through
gullying has resulted in oxidation of +the subsoil and
hardening of the iron oxide layer above it at the danbo
margins intce a laterite carapace.

Grazing

The main problem associated with excessive grazing in the
catchment is degradation of +the vegetation which affects
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wetland hydrology and encourages scil erosion. Remowval of
grass that covars and protects the scil and conpaction ©of the
surface by trampling, which reduces permeability and increases
the amcunt of runoff all contribute to make heavy livestock
nse one of the major caunses of solil erogsion. Locally the
effects of livestock trampling and compaction can be serious
with greater hazard where runcff i= concentrated along tracks
and around dips and water holes.

raduced cover, in that it leads to less infiltration and nore
surface runoff, results in a peaked stream regime. In East
Africa loss of surface grass caused by heavy grazing led to
reduced infiltration and caused storm flow accounting for up
to 40% of all precipitaticn (Perera 1973).

Grazing not only results in a reduced grass sward, but also a
change in species composition. Whitlow (19283) notes that hish
encroachment is asscciated with grazing where depletion of
grasses promotes the spread of woody species. This has
serious hydrological effects.

The effects, however, are not always deleterions. Controlled,
continuous grazing is known to maintain vegetative growth of
grass and encourags & low growing, productive saward (Acres et
al 1985 Roberits 1988; see Part 1).

Periodic burning of grazing lands is a common practice; the
effects depending on the time of burning. Late dry sSeason
burning is more intense and therefcore more dezstruective,
leading teo greater 1loss of scil organic matter (thereby
reducing water holding capacity and moisture content of the
so0il, as well as fertility); exposure of the ground to;.early
wel season storms resulting in surface capping; loss of ash in
increased runcff; and inevitably a reduction in plant cover.
Buring of wetland wvegetation not ecnly reduces their storage
capacity but also exposes the secil to the desiccating effects
of sun and wind thereby increasing evaporation losses from the
moist soil surface. Other deleterious effects cof buring are
observed, in Zimbabwe Whitlow (19%985) describes how buring of
peat filled dambos on Kalahari sands lead to drying out and
associsted oxidation of sulphides derived from underlying
bedrock to form free sulphuric acid resulting in extremely
acid soils (pH range 2.4-3.5).

The nutrient budget of the dambo is alseo affected by burning
which can lead to a gradual decline in the productivity of the
system through erosion and leaching of the ash and loss of
nitrogen by volatisation (Whitlow 1985). However, occasional
burning teo improve grass gquality in “‘sour’ dambos is
recommended by Ferrelra (1977).

Wektiand grazing

Dry season grazing of cattle and other livestock is one of the
most common usages of wetlands since moisture is available to
support vigourous grass growth when other grazing is linited
{see Part 1}. Widespread deterioration of danbos in Zimbabwe,
in the form of sericus gullying, is associlated primarily with

53



heavy grazing which now occurs more or less throughout the
year on dambos, as access to dryland grazing decreases
(Whitlow 1989, 1990; DRU 1987). The problems of overgrazing
in dambog is widespread in Zambia, Malawi and Zimbabwe and
parts of Tanzania where pressure on land is egqually high
(2dcres et al 1985). This problem has been exacerbated because
declining productivity eisewhere in the catchment has resulted

' in an eXtension of dambo gardens (Whitlow 1985; Agnew 1573).

A resuit of this is that livestock are restricted to grazing
the wetter zones of the dambo which are more prone to erosion,
gullying and puddling. This effect, together with recent
droughts, has resulted in scome dambos drying out (Whitliow
1985).

The erosion hazard in wetlands iz made worse when cattle
congregate arcund water holes. Severe localised gullying
results, leading to lower water tables and eventual drying out
of weblands. Wet season grazing and grazing in the wetter
parts can also lead to degradatioen of wetland soil structure
by puddling, with corresponding lowering of infiltration
capacity.

crazed wetlands are not only subject to runoff generated in
the wetland itself, but alsec to runoff from the upper
catchment, particularly when they have lost their protective
vegetative cover. Priestley and Greening {1%56: 31) comment on
the problems of livestock impact on Zambian dambos:

npycessive and uncontrolled run-off  from the slopes
above... i= made even more dangerouse when the denmhos have
been overgrazed and badly poached by cattle... Many dambos
are being severely pcached towards the end of the rains
when the land is soft. These gcars do not heal but are
made worse in the dry =eason when cattle congregate in
search of water, with the result that erocosion gets =a
foothold at the onset of the following wet season..™

Theigen (1276: 2) notes:

"Erpsion usually begins where cattle "mill around" the
verges of vlei wells and watering points; or in sponge
land where grazing remains green in winter:; or in cattle
tracts which intersect the vlel. This erosion is usually
of the deep gully +%ype which affects the drainage and
desiccates the land.

Grazing may not always result in degradation. Although the
scarp dambos in the southern part of the Lusaka Plateau are
heavily used for grazing, no severe damage in the form of
gully erosion was found and the water supply from the springs
remained unaffected (Mackel 1285b). Grazing can have
favourable impacts, such as the supply of dung or the
hardening of ground and the consequent improvement in grass

gquality.

The hydrelogical iﬁpact of wetland grazing on downstream flow
will depend to some extent on the evapotranspiration of the
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grazed sward conmpared to the natural wetland vegetation. The
original wvegetation of dense long grass 1s replaced by short
grass and iz poorly covered in the dry season. A reduced
cover resulting from grazing would be expected to
evapotranspire less, making more water avalilable for
streanflcow. A s=strong inverse relationship betwesn grass
biomass and streamflow has been shown; this Iincreases dry
seascon base flows (Hibbert 1969, cited by Hough 1986).
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Box 2 summarises the warious potentizal impacts of land use
change on soil and water processes.

‘Box 2: Impacts of land use change

The effects of upslope land use change on wetland patches and
streanflow characteristics:

*# Changes in wupland infiltration rates and the
partitioning of flow hetween surface and
subsurface may affect hydroleogical and sediment
inputs to the wetland and may lead to erosion and
desiccation of the wetland.

* changes in topland evapotranspiraticn alters the amcunt
of water available for upsleope and wetland agulfer
storage, and conseguently dry season [low.

# Changes in status of upslope aguifers due to depletion
by abstraction or increase due to irrigation will have
downstream effects.

* Change in wetland storage capacity may be due tfo
accunulation of sgSediments or eeffects of runcff from
upslops.

The effects of wetland land use change on wetland patches and
streamflow characteristic:

* Changes in bottomland evapotranspiration alters the
amount of water avalilable for wetland storage, and
consequently dry season flow.

* Changes in wetland storage capacity occur through
cultivation, grazing, burning, and erosion or
deposition. This affects ability to sustain flows,
suppress floods or generate runoff.

% Reduced infiltration through removal of plant cover and
compaction increases the risk of erosicn and sediment
loss downstream, and lowers the water table.

% Changes in wetland soil moisture regimes may disturb
wetland in situ soil processes with consequences for
scil properties and water quality.

* Increased runoff and owveruse of water supply through
irrigation or watering stock c¢an lead to lowering of
the wetland water table.
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Conservation of wetland under agriculture/grazing

With careful management, many of the deleterious effects of
land use change on wetlands are avoidable. Rattray et al
{1953} consider that, if precautions are taken, sustainable
farming practice is peossible. According to Acres. et al (1985)
conservation of dambos depends on: maintaining and inproving
dambo capacity for long term water retention; maintaining
soil fertility for c¢rop cultivation and preserving dood
quality forage for grazing.

To he effective, conservation measures should not be confined
to the wetland alone, but should encompass the whole
catchment; the priorities for management being to maxinise
infiltration and socil moisture storage and nininise
evapotranspiration and surface runoff whilst aveiding erosion,
compaction, fire and exposure of soll crganic matter.

some cultivation technicues conserve rather than degrade soil
{Roberts 1988; Hindson 1977, see Part 1). Contour ridges are
a means of controlling excess surface flow and thus protection
from erosicn. Perera (1982) observes that bunding constructed
at the top of the field in the dambo seepage and upper wash
zones offers good control of water rescurces. Soll and water
conservation can be improved by aligning ridges and drains
close to the contour so that they do not scour in the rain-and
can be hlocked in to conserve moisture (Acres et al 1985).
Properly constructed, well grassed waterways and shortar
lengths ocf centour ridging in cultivated wetlands -were
recommended in Zimbabwe to protect land from erosion (Elwell
and Davey 1972).

Care iz needed in the implementation of some conservation
measures, however, as sometimes even greater damage can be
done by their incautious use. For example, poorly constructed
contour ridges might break, unleashing a large and destructive
flow of water. The importance of planning dambo conservation
and utilisation within the context of the drainage bagin as a
whole is alse clear. In Malawi construction of a dam to halt
headward erosion of the Mkwinda dambo has had considerable
effects on the hydrology both upstream and downstream of the
bharrier, as well as accelerating gully erosion in the dambo
it=self {Agnew 1973).

although some wetland soils are naturally fertile,
conservation of resources and dinputs are necessary if
agricultural production is to be sustained. Fertile wetland
soils can provide high yields initially with minimzl or no
inputs and as such have been exploited by farmers {Whitlow
1990;: Perera 1982). Without inputs or recycling of nutrients,
however, such sites may have to be abandoned within =a few
vears. :

Suggested improvements to wetlands include mowing of grasses
instead of burning, seeding with inmproved grasses and legumes
and use of rotations and organic fertilisers. Rattray et al
(19532) believe that proper control of the water table to
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maintain satisfactory soil moisture is the crux of improving
dambo pastures, and recommend contrel of the water regime of
dambos by drainage, but only with a wview to mere sustained
usage.

The advantages of conservation practices and good husbandry
are c¢lear and are often reflected in yields; a direct
relationship between crop yields and the hydreological status
of a catchment has heen observed (Whitliow 1983).

Some workers recognise indigenous cultivation techniques of
peasants as more suitable to wetland soils than mechanical
monocropping {DRU 1987%: Turner 1986). Perera (1%82) proposes
that wetland cultivation should be restricted to peasant
farmers because hoe or ox ploughing are more suitable for the
s0ils than tractors, and because traditional mnethods can be
more flexible and responsive to the different potential of the
wetland zones. In southern Africa garden cultivators employ a
manber of traditional management technigues to improve soil
fertility such as ridging or mounding for dralnage:; and
burning and humus/dung additions to promote fertility.

The guestion of whether wetland degradation is irreversible
alego needs addressing. Under circumstance of natural
disturbance Turner (1277} proposes that fadamas can be
restored with a rise in the water table or a return to
conditions of stability. Reports of man’s rehabilitation
attempts, however, are mnixed. Despite intense efforts to

rehabilitate the Blauukrantz River  c<atchment area in South-

africa with substantial success, the flow of the river, which
ceased with cultivation in the catchment, never recovered
{Begg 1986}. In Zimbabwe, however, dams introduced upstream
of degraded wetlands to store runcff and increase infiltration
together with fencing of sponges: proved successful in
rehabilitating degraded dambos resulting in the restoration of
streamflow emanating from localised wetlands (Whitilow 1920).
Ih contrast dam construction at the Mkwinda dambo, Malawi to
stop headward recession through gullying led toc overflow and
savere lateral gullying which threatens the whole dambo {Agnew
1973).

Mackel (1985bk) suggests that gullies created by linear ercsion
initiated by wvegetation removal in dambos can be refilled by
sheet wash when people stop cultivating and the protective
vegetation cover regenerates. Turnetr (1977), however,
suggests that regeneration of wegetation may be difficult
particularly where fldoding occurs (Turner 1977 .

In summary, it is clear that wetland degradaticn can result
from disturbances te catchment =0il and hydrological processes
brought about by land use change, both on the topland and in
the wetlands themselves. The principle forms of wetland
degradation are erosion and desiccation; although more
insidious changes in secil properties occur in response to
changes in wetland soil moisture regime. Movements of soil
and water within the landscape are altered by degradation
processes; these may increase the patchiness of the
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environment and require adaptive respenses by farmers to such
changes.

Recent research suggests that, in some areas, wetlands are not
as fragile as previously thought {DRU 1987). Land use change
therefore need not always have deleterious consequences, and
" with appropriate management, wetland patches represent
important agricultural and grazing resources.

8 CONCLUSTON

Wetlands in Africa are diverse ecosystems that defy
standardised description, definition and classification. This
is because they have developed and function in response to a
range of envirommental factors, which can change in time and
space. They are best considered therefore as complex and
dynamic systems. :

This review has concentrated on the understanding of soil and
water processes. This has set the wetland patch within the
wider landscape. Wetlands are strongly inflmenced by upslope
catenary and hydrological processe=s, as well as capable of
exerting some requlation on downstream flow. Interactions at
the catchment level are complex and incompletely understood.
‘Degradation’ processes in cne part of the landscape way
detrimentally or positively affect production in ancther part,
depending on a wheole range of interacting factors. A case by
case assessment ig needed. It is by no means clear that what
may be seen as topland ‘degradation’ (land cleaxance,
deforestation, soil erosion, increased run=-off, etc). will
necessarily have a negative impact on bettomland production.
In some <ases changes on the topland may act to increase
bottomland productivity. Degradation processes thus often
tend to increase the fpatchiness! of the landscape by, for
instance, moving scil downslope teo particular receiving sites.
Farmer responses to such change will therefore reguire an
increased adaptation to patchiness. Thi=z may reguire a
greater concentration of production activities in bottomland
patches {(=ee Part 1).
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IIED'S DRYLANDS PROGRANMME

The Drylands Programme at IIED was established in 1988 to
promote sustainable rural development in Africa's arid and
semi-arid regions. The Programme acis as a centre for research,
information exchange and support to people and institntions
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 longer term
solutions for Africa's arid Lamds,

# Support to local organisations and vescarchers 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 incomes on which populations
depend, development-prienied research meithodologies, and
natural resource management systems.
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