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Chapter 1: Background and objectives of the research

1.1 Introduction
In the years 1982-1985 the Applied Research Unit of the Ministry of
Local Government and Lands, Gaborone, Botswana and the Department
of Geography of the State University of Utrecht, The Netherlands,
co-operated in the Land Board Support Team project. This project,
instigated by the former District Officer (Lands) of the North West
District Council, Mr. H. Bergsma, aimed at the co-operation of a
student's research team with the Gomare and Nokaneng Subordinate
Land Boards in technical Work (e.g. the Gomare Base map and the
allocation of boreholes in the area adjacent to the Botswana Namibian border).
Besides working as a Land Board Support Team the students had the
possibility to do an academic research for their Master's degree in
either Physical Geography or Human Geography.

1.2 Scope of the research
The Government of Botswana has committed itself to "communal area
development". The creation of employment, the increase of
production and consequently the raise of incomes in the rural areas
are the main targets for the ongoing plan period (BENDSEN & GELMROTH
1983).
Realization of the development targets is concentrated in the
so-called Communal First Development Areas (CFDA) that have
obtained development priority.In one of these CFDA's namely that of
the Ngamiland District, research has been carried out in the period
1982-1985.
The CFDA Ngamiland is located at the western fringe of the Okavango
Delta and comprises the villages Etsha, Gomare and Nokaneng (see
figure 1). This area is considered representative for large parts
of Ngamiland. The population of the CFDA (about 12,000 persons in
1982) is some *\8% of the district's population.
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Figure 1

•

Location map (after Staring 1978)
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Considering the governmental development objectives, the research was
aimed at the possibilities of extending the area for arable farming,
increasing production and determination of ecological effects that are
related to these development objectives.
The research was carried out in close cooperation with the Ministry of
Local Government Lands and several District Council Services.

1.3 Objectives of the research
From February to September 1984 the last student's research team was
stationed in the CFDA Ngamiland. The objectives of the research were
closely related to the interests of the Agricultural Development
Ngamiland Project (ADNP).
The research aimed at:
- the recognition and description of distinct geomorphological
units;
- the description of soils and their relation to the various geomorphological units;
- the determination of the suitability of the geomorphological
units and related soils for arable farming, especially referring
to maize.
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Chapter 2: Environmental Characteristics
2.1 Location
The study area is situated east of Gomare (Western Ngamiland,
Botswana) on the western fringe of the Okavango Delta, approximate
coordinates 19°20'S, 22°15»E (see figure 1).

2.2 Geology
Photogeological and satellite image interpretation as well as
geophysical surveys have provided considerable insight in the geology
of the north-western part of Botswana, where the Okavango drainage
system is situated.
Underlying the Okavango Delta are rocks that vary in age from Archean
(Basement Complex) to Tertiary (Karroo deposits). Tectonic movements
through geological time along some major fault lines (the Gomare-Chobe
fault and the Thamalakane-Kunyere fault zone, see figure 2) have
induced and controlled the formation and development of a large graben
structure that extends from south of the Kwihabe Hills in a
NE-direction across the Zambezi River into Zambia (GREENWOOD &
CARRUTHERS, 1973; MALLICK, HABGOOD & SKINNER, 1981).
The large graben structure has been filled up with alluvial deposits
from three sources: the south-western part was filled up by rivers
flowing from the highlands of South West Africa (GROVE 1969), and
other rivers draining from the west. The remainder of the graben
receives alluvium brought down by the active Okavango and Chobe (or
Linyanti) rivers, which are perennial and rise in the highlands of
Angola.
Active deposition in swamps on the alluvial fan of the Okavango River
is encroaching across the older alluvium to the south-west (MALLICK,
HABGOOD & SKINNER 1981).
The thickness of the deposits in the graben and adjacent areas reaches
up to 300 m although the average is probably considerably less.
The deposits consist of brown and white deltaic and windborne medium
to fine-grained sands and silts of Cenozoic age and are collectively
grouped with the Kalahari Beds (HUTCHINS, HUTTON & JONES 1976).
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Habgood & Skinner 1981)
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2.3 Geomorphology
Since Karroo times (iate Carboniferous-Jurassic) several cycles of
geomorphic processes have produced land surfaces developed by
pediplanation in relation to a certain base level (KING 1962). In
basin areas, as the Kalahari, aggradation has been continuous (KING
1962).
The post-Karroo Kalahari Beds in Ngamiland include a variable series
of continental deposits ranging from fluvial and lacustrine to aeolian
and concretionary (WRIGHT 1978). Succession in sedimentation and
correlation of the various deposits to the dated land surfaces of KING
(1962) as suggested by WRIGHT (1978) is given in table 1.
Table 1. Succession in sedimentation and correlation to dated land
surfaces.
DEPOSITS

GE0MORPH0L0G1 CAL CYCLE

AGE

Okavango Sands and Lake Ngami
Alluvium, beach sands and
gravels, calcretes, reblown sands

Zaire

Quaternary

Younger calcretes, gravels

Late Cainozoic (2)

Miocene

Kalahari Sands

Late Cainozoic (1)

01 igocene

silcalcretes,1imestones and marls

African

Late Cretaceous-01igocene

silcreted surface breccias

Post-Gondwana

Early-Middle Cretaceous
(after WRIGHT 1978)

The Kalahari Sands obscure older fluvial deposits that occur as
silcalcretes, limestones and marls. Sedimentation of the aeolian
Kalahari Sands preceded fluvial sedimentation in the Okavango basin
that was formed as a result of tectonic activity during
Plio-Pleistocene. The fluvial sediments, coming from the floodplain of
the Okavango River into the graben structure have determined the
present-day topography of the Okavango Delta.
The transition from the fluvial environment of the Okavango Delta to
the drylands in the west is quite sharp (see photo 1). STARING (1978)
divides the area into two natural regions, viz. the Flood Region and
the Sandveld Region. The Flood Region stands for the Okavango Delta
proper. The Sandveld Region is characterized by aeolian deposits. It
forms a nearly level to slightly undulating plateau, with depressions
and distinct pans, and locally sandy ridges (STARING 1978).
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The complex geomorphology of the Okavango Delta is formed by ancient
riverbeds and floodplains together with 'Islands' of Kalahari Sands. A
major part of the wetlands are in a flat to nearly flat relief
position. The drainage pattern is deltaic in the northwestern part of
the swamps, but reticulate in the lower parts (STARING 1978).

2.4 Climate and soil climate
The Okavango Delta is lying in the semi-arid zone with distinct warm,
wet summers and cool dry winters (Koppen classification: BSh). The
main rains fall from November to March. Annual rainfall over the Delta
as a whole is closely related to Maun rainfall (WILSON & DINCER 1976)
therefore table 2 is used to summarize climatological data.
From this table it is clear that:
- highest temperatures and evapotranspiration occur just before the
onset of the rains (during October and November)
- lowest temperatures and evapotranspiration occur during June and
July (sometimes night frost occurs)
- rainfall usually exceeds evapotranspiration in only one month:
January (STARING 1978).
The soil moisture control section (USDA (Soil Survey Staff) 1975)
which extends approximately from 30-90 cm depth, is dry in some or all
parts for more than 90 days cumulatively in most years, but is moist
continuously in some parts for at least 90 consecutive days. The soil
moisture regime therefore is called ustic. It is not clear, however,
whether the soil moisture regime accounts for rain water only or that
the soil moisture regime has been determined considering the raise of
ground water level by the annual flood as well.
The mean annual soil temperature is higher than 22°C and the
difference between mean summer and winter soil temperature at 50 cm
depth is more than 5°C. Therefore the soil temperature regime is
considered to be hyperthermic (STARING 1978).
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2.5 Hydrology
The Okavango River is fed by rivers draining from their catchment area
in the highlands of Angola. After entering Botswana at Mohembo the
Okavango meanders through a 10-15 km wide floodplain to south of
Seronga. There it suddenly spills its waters into an inland delta
through ill-defined channels, overflows and floodplains (STARING
1978).
The inflows of the Okavango into Botswana have a mean annual volume of
11 * lO^m^. The flood usually reaches the upper part of the delta by
January with a peak in March (WILSON & DINCER 1976). Near Gomare the
peak of the flood is in April (MULDER 1984). About 95% of the inflow
is lost due to evapotranspiration from open water, bare wet soil and
aquatic and semi-aquatic vegetation. The outflow from the swamps is
considered as going mainly via the Thamalakane and subsequently the
Boteti River, while a part flows via Lake River into Lake Ngami
(WILSON & DINCER 1976).

Table 3. A tentative water balance for the Okavango Delta (WILSON &
DINCER 1976).
Inflow
Precipitation

11 x lO^mVyear
5 x lO^m-Vyear

Evapotranspiration

15,4 x lO^nvvyear

Outflow
(Boteti)

0,3 x l o W y e a r

Groundwater
outflow (not
exceeding)
Total

16 x l o W y e a r

0,3 x lO^nr/year
16

x 109mVyear

Recent studies (RIEZEBOS & LEENAERS 1984; LEENAERS in prep.), however,
suggest a large loss of groundwater.

The river Thaoge, on the western margin of the Okavango Delta (see
figure 3) regulates the hydrology of the study area. In the past,
viz. in the first half of the 19th century, the Thaoge formed the main
outlet from the Okavango Delta and flowed into Lake Ngami via a series
of anastomosing distributaries (WILSON 1973; SHAW 1985).
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From the mid-1850's onwards, however, the flow of the Thaoge gradually
diminished in both volume and regularity, ceasing all together by the
1880's. Lake Ngami, at present, is only fed by the Kunyere and Lake
River inlets (SHAW in prep.).
Seismic activity is still going on in the Okavango Delta (REEVES
1972). As the alluvial deposits near the surface are unconsolidated
and saturated with water it is likely that earth tremors can and do
produce topographic change influencing the distribution of flow (FAO
1972). Most probably this has happened in the Thaoge environment. The
change in both topography and flow regime has caused or at least
promoted the development of papyrus blockages.

In the study area the presence of a papyrus blockage in the main
Thaoge channel (about 5-8 km NE of Gomare) has a considerable impact
on the hydrological situation. The papyrus prevents the Thaoge waters
from flowing southwards, thus inducing the water to spread laterally,
partly into the molapo area of Tubu Island.

2.6 Vegetation
The Okavango Delta can be divided into several zones, each containing
one or more vegetation types. The perennial swamps are always under
water and never dry out. Floodplains, the areas liable to flooding,
can be inundated for only a part of the year. Seasonal swamps are the
intermediate category. Islands and the Sandveld form the higher, and
therefore drier, parts of the Okavango Delta (SMITH 1976).
The plant communities in these environments range over aquatic
grassland, woodland savanna, woodland and forest:
aquatic:
- intermittently vegetated channel with a wide range of rooted,
submerged or floating species:
Nymphae, Potamogeton, Eichhornia, Ottelia, Lagarosiphon, Najas,
Ceratophyllum, Trapa
- channel fringes are vegetated by Cyperus, Phragmites, Ficus,
Miscantidium, associated with Cyclosurus, Mikania, Polygenum and
Typha
grassland:
- seasonally flooded: Cyperus, Leersia, Scirpus, Fimbristyllus,
Panicum, Imperata
- irregularly flooded: Cynodon, Sporobolus, Digitaria, Panicum,
Setaria, Brachiaria
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savanna woodland:
- on calcareous deposits: Colophospermum, Phoenix, Hyphaene, Combretum
- on non-calcareous deposits: Terminalia, Combretum, Grewia
- on 'anciently flooded soils': Acacia, Dichrostachys
woodland:
- Riparian: Lonchocarpus, Acacia, Garcinia, Diospyros, Combretum
- Forest riverine: Colophospermum, Lonchocarpus, Acacia.
(ASTLE 1977).
The list above is far from comprehensive. For a more extensive and
detailed list (compiled by SMITH 1976) of plants that are found in, or
close to, the wetlands of the Okavango Delta reference is made to
appendix IV.
Relicts of a former, more extensive swamp system are obvious throughout the Delta mainland (MALLICK, HABGOOD & SKINNER 1981, northern
sheet). The main vegetation type is a mosaic of grassland, woodland
and wooded (trees/shrubs) grassland. Principal genera are:
Trees:

Acacia, Boscia, Colophospermum, Combretum, Lonchocarpus,
Terminalia and Ziziphys
*

Shrubs:

Acacia, Dichrostachys, Grewia, Rhus, Ximenia, Maylinus and
shrub forms of trees listed above

Grasses: Aristida, Conchorus, Digitaria, Schmidtra, Stipagrostis and
Urochloa (SMITH 1976).
2.7 Land use
Livestock farming and subsistence crop production are the major
agricultural activities in the fieldwork area.
The geographical distribution of cattle is dependent upon the availability of water and the spread of tsetse fly. The cattle population is
concentrated around the Thaoge and the swamp edges (BENDSEN & GELMROTH
1983). Due to the lack of surface water only very few cattle posts are
to be found in the dryland areas of the Sandveld to the west.
Arable farming in the fieldwork area is commonly found in former river
beds or melapo (single: molapo, hence the name molapo farming).
Favourable conditions for this type of farming occur twice a year. The
first occasion is when the waters supplied by the flood from the
Thaoge have receded in October (BENDSEN & GELMROTH 1983). The second
occasion is during the wet summer season between November-March when
the rains fall.
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Maize is the staple crop while beans, pumpkins, squash and melons are
intercropped. As maize is not as drought resistant as millet it is
grown in the melapo (BENDSEN & GELMROTH 1983). In the dryland parts of
the fieldwork area (west of the main road) sorghum and some millet are
grown.

The general level of agricultural management is very low which is
demonstrated in the poor seed distribution resulting in a poor plant
population, the absence of intensive weeding, the non-application of
fertilizers where necessary. Draught power usually is limited and
generally in poor conditions during planting time (SIDERIUS 1971).
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Chapter 3: Survey procedures
3.1 Preparation
The fieldwork started with the interpretation of (uncorrected) aerial
photographs, scale 1:40.000 (1/80 Ng.W., June 1980) which cover the
entire study area. Interpretation was based on tone, texture and
pattern of the photos. Delineation of terrain units was based on
features related to soils, drainage, flooding and vegetation.
Each run of photos was interpreted in this way, drawing boundaries and
morphological features on tracing paper. The successive runs were
compiled into a (preliminary) map of the survey area (drawn on a sheet
of tracing paper) showing the terrain units of the survey area.
Subsequently a description of the distinguished terrain units, based
on the photo interpretation, was made.
The geomorphological map served as a basis to plan the field trips to
gather information for the soil survey and additional information
(field check, ground truth) on the terrain units.

3.2 Fieldwork
During field trips soils were studied in soil pits, river cuts,
burrowing holes and from borings by hand auger. The latter means has
provided most information. An Edelman-type soil auger was used to
gather soil material from depths up to 1.20 m or in few cases even
deeper (up to 2 m ) . Both moist to wet soils and hard and dry soils
were encountered during the survey. In the latter cases augering was
extremely difficult.
Several soil pits were dug and described and soil samples were taken
to determine physical (textural) and chemical characteristics.
Soil descriptions of pits and augerings were based on the FA0
Guidelines for Soil Description (FA0 1966), the Munsell Soil Color
Charts (Munsell Color Company, Inc. 1954) were used for the colour
determination.
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3.3 Laboratory
Soil samples of several representative soils were taken and analyzed
at the laboratory of the Soils Department of the State University of
Utrecht. The analyses were carried out according to a scheme used by
the soil survey project in Botswana. The following aspects of the soil
samples (both physical and chemical) were analyzed:
* particle size
* pH-H20 and pH-CaCl2
* electric conductivity
* organic carbon
* cation exchange capacity
* exchangeable cations
* available phosphorus
* calcium carbonate determination.

Analyses were carried out as described by USDA (1972); a summary of
the analysis methods is presented in Appendix V.
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Chapter 4. Geomorphology
4.1. Introduction
The geomorphological situation of the study area cannot fully be
understood without knowledge of the evolution of the Okavango Delta,
which in itself, should be studied as an integral part of the area
that is referred to (WELLINGTON 1958) as the Middle Kalahari.
Landforms in this region are complex and include dunes and sand
ridges; active and abandoned swampland; both perennial and ephemeral
rivers; ancient river valleys which have long been dry and which
contain extensive deposits of calcrete and silcrete; high level lake
strand dunes; dry lake beds and salt pans and in an ancient dolomite
outcrop, a system of solution-formed caves. Kalahari type sand is
ubiquitous throughout the region, interrupted only by scattered
outcrops of older rocks (GREY & COOKE 1977) (see figure 4 ) .
The juxtaposition of these arid and humid landforms is an indication
for climatic fluctuations in the past. Therefore the geomorphic and
climatic evolution of the Middle Kalahari during the late Quaternary
will be discussed here, followed by an interpretation of the evolution
of the Okavango Delta. Finally, the study area will be discussed by
means of the geomorphological map, the legend and a description of the
terrain units that have been distinguished.

4.2 Geomorphic and climatic evolution of the Middle Kalahari
The Kalahari Beds in the Middle Kalahari include a variable series of
continental deposits ranging from aeolian to fluvial, lacustrine and
concretionary (WRIGHT 1978).
The aeolian deposits are mainly to be found in two areas (see figure
4). West of the Okavango Delta is an area which is dominated by alab
dunes. These are symmetric ridges of sand parallel with dominant wind
(GARNER 1974). In the area mentioned, they appear as parallel-sided
dunes that rarely bifurcate and lie an average 1.7 km apart (MALLICK,
HABGOOD & SKINNER 1981). The dunes are built of unconsolidated
Kalahari Sands (red, reddish-brown to greyish brown in colour) and
were formed during a period of aridity with strong winds from easterly
directions. At several places the alabdune ridges have been
extensively effected by flooding (GROVE 1969).
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Transverse dunes are found around the western side of the Makgadikgadi
Depression. These dunes are wide ridges, between 1 and 2 km apart,
between 10 and 20 m high, rather sinuous and bifurcating and trending
generally north (MALLICK, HABG00D & SKINNER 1981).
Fluvial sediments have become important since the Plio-Pleistocene
when tectonic movements in the Okavango Graben resulted in the
formation of the Okavango Delta, while a humid period filled extensive
lakes. Lacustrine sediments consist of calcareous and sometimes
fossiliferous marls, clays and silts and sometimes contain snails and
shells. Lake strandline features are relicts of periods that large
bodies of water occupied the Ngami-Okavango-Makgadikgadi regions
(HEINE 1978, 1979).
Soft calcretes are formed near valleys, pans and depressions - such as
inter-dune hollows that are sites of water accumulation (MALLICK,
HABG00D & SKINNER 1981) - due to evaporation of the surface with high
groundwater levels.
Sand blowing recommenced during or after the period of high lake
levels (GREY & COOKE 1977; HEINE 1978, 1979) with semi-arid
conditions, but the alternation of semi-arid with more humid periods
during more recent times resulted in the stabilization of the ancient
dune systems by vegetation (GROVE 1969).

4.3 Chronology
Much has been written (COOKE 1975, 1978, 1980; GREY & COOKE 1976;
HEINE 1978, 1979; BROOK 1982) on the interpretation of morphological,
stratigraphical and palaeontological characteristics of the Middle
Kalahari. The correlation of different palaeo-environmental
observations and the palaeo-climatic interpretation of events in the
Kalahari during the late Quaternary are postulated by HEINE (1978,
1979) (see table 4 ) . A major wet phase occurred between
30.000-19.000 yr BP when a large lake existed in the NgamiMakgadikgadi basins. A second pluvial lake existed from ca.
12.000-9.000 yr BP (and younger). An arid period between ca.
19.000-12.000 yr BP separates the two pluvial lakes. In figure 5, 4
maps showing hypothetical climatic regions in the Kalahari for
different periods in the late Quaternary are presented (HEINE 1979).
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Table k: Geomorphic and Palaeoclimatic events in the Middle Kalahari
Region ( a f t e r Heine 1979).
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5 6 7 8 -
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The preliminary chronostratigraphy (table 4) confirms the assumption
that the major environmental changes along the temperate and tropical
margins of the Kalahari seem to be in phase with the variations in
precipitation and evaporation in North and East Africa as well as in
Arabia and Australia (HEINE 1978). Variations in temperature seem to
be synchroneous worldwide; variations in humidity depend on a shifting
of the climatic belts during the late Quaternary, and therefore do not
occur synchroneously in various regions of Southern Africa (HEINE
1978).
In the Kalahari, as in North and East Africa, Arabia, Australia and
Mexico (HEINE 1974) the following periods with different climatic
conditions can be distinguished: (1) the high glacial period
(19.000-12.000 yr BP) with a cool and arid climate in the Middle
Kalahari; (2) the interstadial period ( 31.000-19.000 yr BP) and the
late Pleistocene/early Holocene (12.000-9.000 yr BP) both periods with
pluvials in the Kalahari, and (3) the postglacial period ( 9.000 yr
BP = Holocene) with a warm and semi-humid climate (tropical summer
rains) in the Middle Kalahari (HEINE 1978).

4.4 Geomorphic evolution of the Okavango Delta
In recent years a good deal of research work has been carried out on
the Okavango Delta (U.N.D.P./F.A.0. 1977, Botswana Society 1976)
yielding much new information on the area. This forms the basis for a
summarized description of the area by COOKE (1980).
The Okavango Delta appears to have a very regular, flat conical shape
with a slope of about 1:3600. Three large sand ridges and a number of
smaller ones rise from the cone. At the top of the cone the Okavango
River fans out in several distributaries and an extensive swamp. The
mean depth of water over the swamps during the annual flood is only
about one metre and the general velocity has been estimated at about
5 cm sec"' (UNDP/FA0 1977). The sediments carried in suspension by
this slowly moving water are negligible. Transport of sand, with a
median between 0.2 and 0.4 mm in the upper parts of the Delta and less
than 0.2 mm in the lower swamps has been calculated as 400.000
nryear"'. Movement of this material is confined to the channels as the
laminar flows in the swamps outside the main channels is unable to
transport sediment.(WILSON & DINCER 1976). Sampling of the sediment
shows that Kalahari Sand is the main component.
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The thickness of the sediments (between 100 and 300 m) within the
delta and the cone-like shape indicate a considerable movement and
deposition of sediment in the past. The area of the swamp was also
more extensive: in the south-west as far as the Gomare fault line (see
figure 2) and probably incorporating Lake Ngami, and north- eastwards
towards the Mababe depression. This is indicated by complex patterns
of relict alluvium-filled swamp channels and irregular low divides in
both areas (COOKE 1980).
The evolution of the disorganized drainage network of the Okavango
Delta has not been clearly elucidated yet. In several publications
(GROVE 1969; COOKE 1976, 1980; GREY & COOKE 1977) reference is made to
the ideas of GARNER (1967, 1974) regarding drainage pattern evolution
in regions which have experienced an oscillation of humid and arid
climates.
In arid circumstances rivers diminish in volume and decrease in
velocity, thence reducing the possibilities of sediment transport. The
deposition of sediment follows and causes channels to split and
braid. Eventually, with increasing aridity, all flow ceases and wind
action becomes important, removing the fine sediment fractions from
the unprotected surfaces. As humid conditions return the ancient
(partly blocked and/or obscured) drainage system is unable to cope
with the increasing run-off. Without clearly defined channels the
water is forced to spread widely across the land in quasi-sheet floods
(GARNER 1974). Organized flow will develop slowly in a still unstable
multi-channel drainage pattern until eventually a single channel
becomes dominant (GARNER 1967, 1974).
A succession of drier and wetter climates will result in a complex
situation with a highly deranged and unstable pattern of drainage
(GREY & COOKE 1977).
It is this alternation of humid and arid climates, together with the
established (SCH0LZ 1975), still active seismic events that have
determined the formation of the present-day Okavango Delta.
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4.5 Land systems and terrain units of the study area
The geomorphological map of the study area is based on a thorough
interpretation of the aerial photographs. When analyzing the photos it
is possible to distinguish the morphological characteristics of the
study area and adjacent areas into several levels. In most cases
morphology is the factor that determines subdivision into a lower
level. The lowest level in the morphological subdivision is the
terrain unit. The names of the various terrain units are derived from
the names of small villages and settlements that lie in or close to
the respective terrain units. Reference is made to the Present Land
Use Maps of the Gomare and Nokaneng Area, scale 1:100.000 (BENDSEN &
GELMR0TH 1983) which can serve as a base to locate the terrain units
(see also Appendix I). Grazing situations and arable land use have
also been derived from BENDSEN & GELMR0TH (1983) but have been and
were updated in 1984. The descriptions of the vegetation are largely
based on the aerial photographs, which show the 1980 situation. Ground
truth collection showed that at several places grass covers had
disappeared.
The location of the study area, close to Gomare, enables the distinction of two natural regions, which - following STARING (1978) are named the Flood Region and the Sandveld Region. The Flood Region
is the area that is seasonally or perennially flooded with water
derived from the river Thaoge, one of the distributaries of the Okavango River and in the first half of the last century the main outlet
from the Okavango Delta. Only a small part of the study area is lying
in the Sandveld Region. The Sandveld Region itself has always been
regarded as built of aeolian deposits (STARING 1978) but in more
recent studies (MALLICK, HABG00D & SKINNER 1981) it is considered a
part of the Older Valley and Depression Deposits thus indicating an
initial fluvial origin. Near Gomare the Sandveld Region forms an almost flat to undulating complex where fluvial, aeolian and lacustrine
deposits are found in close juxtaposition.
The Flood region forms the largest and most important part of the
study area. Within this region three different systems can be distinguished on morphological characteristics. These systems are the
Deltaic System (D), the Alluvial Flats (F) and the Thaoge River System
(T). The Sandveld Region - on this level - is indicated as the Sandveld System (S).
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Photo 2

Comparison of dry (left) and flooded (right) Deltaic
environments

Photo 3

Danega Deltaic unit (Dd)
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The Deltaic Systems are quite remarkable features in the study area.
They are formed by complexes of islands and ridges and interconnecting
floodplain levels and former river channels that have long been dry.
Except on morphology, the Deltaic Systems are also easily recognized
on vegetation. The higher parts are densely covered with vegetation
(trees, shrubs and bushes). The lower parts of the systems bear a
grass cover and sometimes scattered bushes can be found.
When comparing aerial photographs from the Deltaic Systems and the
Okavango Delta several km eastwards, where the waters of the Okavango
Delta are present throughout the year (see photo 2), there is a strong
resemblance in pattern, hence the name of the System.

The Alluvial Flats form extensive, though not linked terrace-like
systems throughout the study area. Although the term alluvial flat
points towards an area with almost no relief, the topography of the
various flats is (quite) irregular due to former fluvial activity and
the presence of the so-called island-units of variable dimensions.
The Thaoge River System forms the most recent part of the Flood
Region. It consists of a strongly meandering river complex.

Both the Deltaic System and the Alluvial Flats can be divided into
terrain units, again using morphology as the differentiating
criterion. The Deltaic System (D) is subdivided into the Danega
Deltaic Unit (Dd) and the Xaga Deltaic unit (Dx).
The Danega Deltaic Unit is found at the west side of the present
Thaoge. The unit is characterized by a large amount of ridges and
small islands, many of which show a north-south direction. At several
places distinct channels can be recognized, while at other places wide
flat (to slightly undulating) plains can be recognized (see photo 3).
Collection of ground truth gave evidence for the presence of small,
dried out puddles at the lowest parts of the plains. Height
differences between plain levels and adjacent ridges appeared to be in
the order of 2-3 m. The land use in this terrain unit is livestock
grazing. The area is designated (heavily) overgrazed (BENDSEN &
GELMROTH 1983).
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The Xaga Deltaic Unit is found east of the present Thaoge. Although
considered to form only one terrain unit it can be divided into two
parts (see photo 4 ) . The northern part consists of a complex of small
ridges and (almost) flat plains. At some places the ridges seem to lie
along former channels, while at other places no channels can be distinguished. The southern part of the terrain unit shows several ridges
(recognizable by vegetation cover) and flat to almost flat plains. No
major channels can be distinguished in this part of the terrain unit.
The connection between the two parts is formed by two major ridges
that both contain a small channel.
The southern part of the terrain unit is covered more densely with
vegetation than the northern part.
The land use in the terrain unit is livestock grazing. Grazing conditions are designated fair (BENDSEN & GELMROTH 1983).
The Alluvial Flats (F) are subdivided into the Gomare Flats Unit (Fg)
and the Tubu Flats Unit (Ft).
The Gomare Flats Unit is found between the Thaoge and the Sandveld
Region (see photo 5). It forms an almost closed area, but for a few
small former river channels which can be up to 2 m deep. Several
island-units of variable dimensions can be found within this unit.
Ground truth collection showed large areas in the terrain unit to be
without grass cover. Due to very large amounts of cattle that pass the
area to be watered in the nearby Thaoge, grass cover has disappeared,
while the trampling animals have also destroyed the slight coherence
of the top soil. The bare, sandy surfaces are now subject to wind
erosion.
The Tubu Flats Unit is lying east of the Thaoge River System. The
alluvial flat itself shows almost no relief, but the topography of the
terrain unit is more irregular than in the Gomare Flats Unit. This is
caused by the presence of quite a few former meandering channels with
highly variable dimensions, and a lot of small island units that rise
from the flats (see photo 6).
The natural vegetation of the alluvial flats are grasses. Due to overgrazing the grass cover has disappeared in many places exposing bare
crusted surfaces. No arable farming is practised on the alluvial
flats, livestock grazing is important but the grazing situation is
considered overgrazed (BENDSEN & GELMROTH 1983).

Photo 5

Environments of the present Thaoge (units Sg, Si, Fg,
Tm15, Tm1p and Tst)

Photo 6

Alluvial Flats and Subrecent Meandering Complex (Units
Tm1p, Tm2k, Tsk and Ft)

4
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The Sandveld System (S) is subdivided into the Gomare Sandveld Unit
(Sg) and the Islands-Unit (Si).

The Gomare Sandveld Unit is the only terrain unit that is restrictively marked in the Sandveld System (see photo 7). It is an almost flat
to slightly undulating terrain unit with a single meandering channel,
several depressions and locally some small ridges. Vegetation consists
of trees, shrubs and bushes, and grasses in a cover of variable
density.
Land use: some arable farming (dry land farming) and livestock
grazing. BENDSEN & GELMROTH (1983) designated the area as overgrazed.
The Islands-Unit can be found at the transition from fluvial environment to Sandveld as well as scattered throughout the terrain units in
the Alluvial Flat System. Except for their elevation the Islands-Unit
can easily be distinguished because of their vegetation cover. Often a
dense ring of trees indicate the island-boundary, while the more elevated parts are less densely covered with shrubs, bushes and small
trees (see photo 8). Sometimes the highest parts of the island-units
are only covered by grass.
Land use: the islands-units are not used for arable farming. Livestock
wander on the islands.
The Thaoge River System (T) is the only system in the study area that
can be subdivided onto three lower levels. Morphological characteristics determine the subdivision into two subsystems: the Meandering
Subsystem (Tm) and the Swamps Subsystem (Ts).
The Meandering Subsystem consists of two meandering complexes: one
that contains the present Thaoge channel and another that consists of
several former Thaoge channels. Both complexes consist of a floodplain
with a meandering main channel, cut-off channels, crevasse channels
and point bar complexes.
The Swamp Subsystem is an area with different morphological features.
It is a flat to almost flat area which is permanently inundated.
Termitaria of variable dimensions and small islands-units form the
elevated parts in the subsystem.

Morphology is the criterion for subdividing the Swamp-Subsystem (Ts)
into two terrain units viz. the Thaoge Swamps Unit (Tst) and the
Karongana Swamps Unit (Tsk).
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Photo 7

Photo 8

Gomare Sandveld unit (Sg)

Alluvial Flats and Sandveld System (units

Tm1S, Ft

and Si)

J
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The Thaoge Swamps Unit form a flat to almost flat terrain unit at the
west side of the Thaoge (near Phale, see photo 5). It contains some
small lagoons, small meandering spillways and interconnected floodplains. The elevated parts are formed by single or complex termite
mounds (termitaria) and islands-units.
Aquatic vegetation (see also Vegetation and Appendix III) is found in
the inundated parts; the elevated parts carry bushes and trees.
The Karongana Swamps Unit is a flat to almost flat unit with some
small pools, several interconnecting channels and some islands-units.
On the 1980 aerial photograph (see photo 6) the terrain unit does not
appear as a swamp-like area; during the fieldwork (March-August 1984)
the area was partly inundated from the north-east by water coming from
the Karongana River.
Vegetation: grasses and other, aquatic, vegetation in the lower,
wetter parts; bushes and trees on the elevated parts.
Land use: no arable farming is practised in this terrain unit; BENDSEN
& GELMROTH (1983) consider part of the area as potentially cultivable
under dry conditions. Grazing situation is fair.
In the Meandering Subsystem (Tm) two distinctive complex units can be
recognized: the Recent Meandering Complex (Tm1) and the Subrecent
Meandering Complex (Tm2). Again morphology is the discriminating factor. The Recent Meandering Complex consists of a floodplain (up to
1500 m wide) with the meandering main channel of the present Thaoge
(width 30-50 m, depth 2-3 m ) , and several cut-off channels, point bar
complexes and swamp-like areas. The Subrecent Meandering Complex consists of a large floodplain (up to 3000 m wide), occupied by several
interconnected meandering river belts. This complex covers large areas
on either side of the present Thaoge. The width of the meandering main
channels is up to 100-150 m, while the depth can be up to 3 m. Cut-off
channels can have similar dimensions.
The close juxtaposition of the mentioned complexes forms an indication
for a remarkable change in subrecent hydrological conditions.
The Recent Meandering Complex (Tm1) is subdivided on morphological as
well as hydrological criteria. Due to the presence of a papyrus
blockage in the main channel (± 5-8 km NE of Gomare), that keeps the
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water from flowing south, two terrain units are recognized: the
Perennially Flooded Unit (Tm1p) and the Seasonally Flooded Unit
(Tm2s).
The Perennially Flooded Unit consists of a perennially flooded main
channel that is blocked by papyrus growth. This blockage causes the
water to spread laterally over the floodplain, thus supporting extensive growth of papyrus and other aquatic vegetation (see photo 5).
Field observations showed that the papyrus along the main channel is
growing so densily that it resembles a stable mat; the depth of water
at that particular point was established as some 3.5 - 4 m . It seems
justifiable to say that the papyrus is slowly growing together
laterally and longitudinally into a northerly direction.
Other vegetation: grasses and reeds.
Land use: the area is inundated and not cultivable. At the outward
fringes some cattle graze.
The Seasonally Flooded Unit is only flooded for a part of the year.
Water reaches this unit either by an increase in groundwater level or
by taking an alternative route around the papyrus blockage. During the
fieldwork it was observed that the former was actually taking place.
Vegetation: grasses in part of the channels.
Land use: most parts of the channel-bottoms are used for molapo- farming after the flood has receded. Intercropping of maize is usually
found. The remaining parts of the unit are used for livestock grazing.
According to BENDSEN & GELMROTH (1983) the area is overgrazed.
On the lowest level the Subrecent Meandering Complex (Tm2) can be subdivided into five distinct terrain units, occupied by the floodplains
of meandering main channels and associated landforms like cut-off
channels, point bar complexes and crevasse channels. The main discriminating factor again is morphology (channel width, meandering
form, flood plain dimensions). Terrain units in the Subrecent Meandering Complex are: the Kandadiangodi Unit (Tm2k), the Gwekatshumi
Unit (Tm2g), the Thale Unit (Tm2t), the Nxukae Unit (Tm2n) and the
Xauga Unit (Tm2x).
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The Kandadiangodi Unit is the northernmost terrain unit within the
Subrecent Meandering Complex. It consists (see photo 6) of a wide (up
to 3000 m) floodplain with a wide meandering main channel (up to 150
m) and cut-off channels, extensive point bar complexes and crevasse
channels.
Vegetation: grasses and on the higher parts of the terrain unit some
scattered groups of trees.
Land use: molapo-farming in the channels that are seasonally inundated, either by flooding or by rain water. During the growing season
livestock grazing is restricted to the inter-channel plains.

In broad terms morphological characteristics of the Gwekatshumi unit
are similar to those of the Kandadiangodi Unit. The main difference,
however, is in the dimensions of the floodplain, the main channel and
the cut-off channels (see photo 6). Part of the Gwekatshumi Unit is
found at the west side of the Thaoge as well. The floodplain width
here is only up to a 1000 m.
Vegetation: mainly grasses. Bushes and some scattered tree-groups are
confined to the higher parts.
Land use: some arable farming in the melapo that are closest to the
Thaoge. The area is overgrazed (BENDSEN & GELMR0TH, 1983).
The Thale unit is found west of the Thaoge. It consists of a small
floodplain (up to 500 m) with a meandering main channel, few cut-off
channels and small point bar complexes.
Vegetation: grasses and scattered trees on the point bar complexes.
Land use: only few places are used for dryland farming; an area
between the Thale Unit and the Thaoge is regarded as potentially
suitable for irrigation farming (SWEC0 1976). The area is heavily
overgrazed by cattle (BENDSEN & GELMR0TH 1983).

The Nxukae Unit that is lying south of the Gwekatshumi Unit consists
of a small floodplain (up to 500 m in width) with a meandering main
channel, small point bar complexes, few cut-off channels and crevasse
channels (see photo 8 ) .
Vegetation: from north to south vegetation changes gradually from
grasses and some bushes to a denser cover of bushes, small trees and
scattered tree groups.
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Land use: no arable farming is found in this terrain unit (neither
dryland nor molapo farming). The area is overgrazed (BENDSEN &
GELMROTH 1983).
The Xauga Unit consists of a wide floodplain (up to 2500 m) that is
fully occupied by a small meandering main channel, many cut-off
channels and point bar complexes. The terrain unit is confined to the
area between the Sandveld in the West and the Danega Deltaic Unit
directly east.
Vegetation: grasses, shrubs, bushes and trees. Vegetation cover
increases in density towards the South.
Land use: livestock grazing (conditions are fair - BENDSEN & GELMROTH
1983).
Table 5 shows the hierarchic classification levels of the terrain
classification of the study area.

kl
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Chapter 5. Soils of the Study Area

5.1 Introduction
Systematic soil survey in Botswana is carried out since about 1970.In
several reports, SIDERIUS (1971, 1972) and STARING (1978) describe the
soils of the northern part of Botswana. In these reports soils are
classified at the series level.
The soil series is defined as follows: a group of soils developed from
the same kind of parent material by the same genetic combination of
processes and whose horizons are quite similar in their arrangement
and general characteristics (BRADY 1974). The soil series are a ]ow
level of classification, the lowest being the soil type. The latter
indicates the texture of the top soil by a textural term. In the soil
classification system used in Botswana soil series with the same
sequence of diagnostic horizons are grouped together in the soil form.

5.2 Soil mapping
Soil series are associated with certain terrain units. Each terrain
unit consists of an association of soil series. Vegetation is rarely
indicative for a specific soil series, but in conjunction with a
particular land form it gives a clue on what soils to expect. Thus,
many terrain units already represent soil series which can be mapped
by easily discernible criteria, such as landforms and vegetation, from
aerial photographs and field survey. In the study area the varous
distinctive morphological systems form soil associations as well.
These soil associations can be indicated as:
-

soils of the Sandveld (including islands)

-

soils of the Alluvial Flats
soils of the Melapo

Throughout the study area soil profile depth varies considerably. Even
within the same terrain unit or within the same soil association
variations in soil profile depth from 10 to 120 cm can be observed. In
most cases the deposits - which may vary in texture from loamy sand to
silty clay loam to clay - are lying on top of the ubiquitous lightcoloured, well sorted fine to medium sands. In this report these sands
are regarded as a second parent material. Only in a few cases these
sands can be found at or close to the surface so that soil development
is actually taking place within the sands.

uu

Classification problems may arise because the deeper profiles may show
more pedognetic development than shallow profiles of similar arrangement. Therefore a distinction is made between soils with a shallow
upper profile (thickness between 10 and 40 cm) and soils with a deep
upper profile (thickness more than 40 cm).

5.3 Soils of the Sandveld
5.3.1 Shallow Profiles

Within the Sandveld system two groups of soils have been observed:
soils developed in non-calcareous deposits and soils developed in
calcareous deposits*Soils that belong to the first group are all of the shallow type. Here
the soils are deep to very deep, well to somewhat excessively drained,
fine to medium sands. Structural development is poor and horizonation
is ill-defined in most cases. Soils that belong to this group are
found in the flat parts of the Sandveld system.
Profile characteristics
The very shallow to shallow Ochric A-horizon is slightly darkened by
organic matter (10YR3/1). The thickness can be up to 40 cm. Mostly the
A-horizon gradually changes with depth into an AC-horizon that is very
dark greyish brown (10YR3/2) to grey (10YR5/1) in colour. The
C-horizon is a typical pale brown (10YR5/1) to a very pale brown
(10YR3/2) colour.
Clay percentages are low throughout the profile (less than 1%). Silt
percentages may vary up to 10?ó! Fine or medium sand is the dominant
fraction. Horizonation varies from clear to diffuse. In most cases
soils are structureless, single grained. The pH is slightly to medium
dominant fraction. Horizontation varies from clear to diffuse. In most
cases soils are structureless, single grained. The PH is slightly to
medium acid. CEC is usually low (less than 1 me/100 g), although the
topsoil may show much higher values (up to 10 me/100 g). Calcium is
the dominant action. Organic carbon content in the topsoil is low
(less than 1%) and decreases rapidly with depth.
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5.3.2 Deep Profiles
The second group of soils in the Sandveld have developed in calcareous
deposits. Soils that belong to this group are deep to very deep,
moderately well to well drained fine to medium sands. These soils are
calcareous within 50 cm from the surface. Structural development is
weak and horizonation ill-defined. This group of soils is commonly
found in the slightly elevated, slightly undulating parts throughout
the Sandveld system. Included are the soils of the islands which are
situated within the Okavango Delta area.
Profile characteristics;
The ochric A-horizon, 10-25 cm in thickness, very dark grey (10YR
2.5-3/1) in colour, changes with depth into grey (10YR5/1). No
calcrete is encountered within augering depth (120 cm) but an increase
in carbonates with depth from 30 cm was observed. In some cases even
the upper parts of the profile appeared to be calcareous. The texture
is fine sand with an increase in either silt or clay content in some
parts of the soil. Both clay and silt content are low ( 10%). No
structure has been observed. This is caused by the destruction of soil
structure (if present) by the Edelman-auger. The pH is slightly
alkaline. CEC values usually are about 5 me/100. Calcium is the
dominant cation. Organic carbon content is low (less than /\%) and
decreases with depth.
5.4 Soils of the Alluvial Flats
Soils of the alluvial flats are poorly to moderately well-drained,
with textures varying from loamy sand - sandy loam to silty clay
loam. These soils are characterized by a dark topsoil with
hydromorphic properties, overlying a light coloured sand. Structural
development is weak to moderate; horizonation is diffuse to gradual.
Soils of the alluvial flats are found in the flat to almost flat parts
of the study area.

5.4.1

Shallow Profiles

A very dark grey (10YR3/1) ochric A-horizon slightly darkened by
organic matter, that may vary in texture from loamy sand to clay loam
changes with depth into a Bw horizon.
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These horizons are overlying a 2C horizon of light grey (10YR7/2)
medium to fine sands. Clay content is up to 35%. The shallow profile
however does not allow to establish any increase in clay content. Silt
percentages may be as high as 25%. Fine sand is the dominant sand
fraction. Horizontation is diffuse; structural development is weak.
The PH is strongly acid; CEC is low (less than 5 me/100 g); Calcium is
the dominant action. Organic carbon content in the A-horizon can be as
high as 5SÓ, but decreases with depth.

5.4.2

Deep Profiles

The very dark grey (10YR3/1) ochric A-horizon gradually changes with
depth into a B-horizon that shows structural development. Hydromorphic
properties indicate higher groundwater levels in the (recent) past.
Mottling colours range in the 7.5 to 10 YR range: 10YR 4/6 is the most
observed colour. In very deep profiles (soil depth more than 100 cm)
the Bwg-horizon changes into the Cg-horizon. Most profiles do not show
a change in matrix colours: throughout the profiles the matrix colour
lies in the 10YR line with values of 3 to 4 and chromas of 1 and 2.
The Cg-horizon is overlying the 2C(g) horizon: a light grey (10YR
7/2), medium to fine sands, with some mottles due to groundwater
fluctuations.
Clay percentages are high, and appear to increase with depth. No
visual proof of clay transport and accumulation has been observed,
however. Silt content decreases with increasing clay content. The
dominant sand fraction is fine sand.
Soil structure has been observed as weak to moderate medium to very
coarse (sub)angular blocky peds. The pH is strongly acid. Calcium is
the dominant cation. CEC values vary in a broad range up to 35 me/100
g. Organic carbon contents can be up to 5% near the surface but
decrease with depth.

5.5 Soils of the Melapo
Soils of the melapo are poorly drained soils that are characterized by
a dark topsoil with hydromorphic properties, deposited on well-sorted
fine to medium sands. Structural development is very to moderately
weak and horizonation is ill-defined.
These soils are found in the bottom of the channel-type melapo.
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5.5.1

Shallow Profiles

A black (10YR 2/1) to very dark grey (10YR 3/4) A-horizon gradually
changes into the 1C-horizon. Hydromorphic properties appear as clearly
visible, faint to distinct (dark) yellowish brown (10YR 4-5/6-8)
mottling. These horizons are overlying the 2C horizon that consists of
light grey (10YR 7/2) medium to fine sands.
Silt and clay percentages in the upper parts of the soil may be as
high as 40% in soils of the shallow type no soil structure has been
observed. The pH is acid. Calcium is the dominant cation, followed by
Magnesium. CEC values vary and may be as high as 17 me/100g! Organic
carbon content varies and may reach more than 10%.
5.5.2

Deep Profiles

A black to very dark grey (10YR 2-3/1) A-horizon gradually changes
with depth into a B-horizon that shows structural development. Hydromorphic properties as evidence of fluctuating groundwater levels are
clearly visible as faint to distinct mottling. Colours of this
mottling vary in the 5 to 10YR range. Depending on the depth of the
groundwater level the Bwg-horizon changes into a Cg- horizon or even a
C-horizon. These horizons are overlying the 2C horizon that consists
of the light grey (10YR 7/2) medium to fine sands.
In some profiles a transition zone from the dark, heavy textured
1C-(or C-) horizon to the light coloured sandy 2C-horizon has been
observed. This transitional horizon consists of an alternation of both
sandy and heavier textured layers. Clay percentages show an increase
with depth to more than 40. Silt contents are high (30-40%). Soil
structure is clearly visible as (sub-)angular blocky pads. The pH is
slightly to medium acid. Calcium is the dominant cation, followed by
Magnesium. CEC values may be as high as 43 me/100 g! Organic carbon
contents vary up to 10%.

5.6 Soil Classification
In this report two soil classification systems are used. viz. the FA0
system (FA0-UNESC0 1974) and the Soil Taxonomy (USDA 1976). The use of
the FA0 classification system coheres with the soil mapping projects
in Botswana at present carried out by FA0-UNDP. The classification in
Soil Taxonomy is used because this system is advocated by the Soils
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Department of the State University of Utrecht. Classification of soils
in the study area is not without difficulties. There are several factors that hamper a correct classification. The most important factor
is the use of the Edelman-hand-Auger for gathering information on soil
profiles.
Two effects of the use of Edelman-auger should be particularly mentioned: the destruction of soil structure; the destruction of horizon
boundaries. The former effect is caused by the pressure that needs to
be supplied to collect soil material from dried out loamy-clayey
soils. The latter effect has a special impact on the nomenclature of
soil horizons: conditions to meet the requirements for specific diagnostic surface and subsurface horizons cannot be verified.
Because of these reasons no serious attempt can be made to classify
the soils. Since most soils that have been observed during the fieldwork are considered to be already described, mapped and classified by
STARING (1978), it is thought appropriate to make a comparison between
both field studies. Therefore the classification of STARING (1978)
will be used.

In and around the Okavango Delta 15 Soil series are described. In the
area near Gomare 7 of these Soil Series are representative for the
soils that can be found. Table 6 shows the distinctive soil series,
their parent material and some profile characteristics.
Table 6

Soil series in the area near Gomare (after Staring 1978)
ORIGIN

PARENT MATERIAL

SOIL SERIES

SOIL CHARACTERISTICS

Aeolian

Kalahari Sands
(non-calcareous)
Kalahari Sands
(calcareous)

Makalamabedl

pale brown fine sands

Sotetl*

greyish brown fine sands;
calcareous between 90 and
150 cm
dark greyish-brown (loamy)
fine sands; calcareous
within 30 cm
light greyish-brown, fine
to medium sands; thin dark
grey topsolI
dark grey sandy clay-loams;
non-saline and non-calcareous,
gleyed and evidence of an
argl1 lie horizon
very dark grey sandy loams
over light grey fine sands;
non-calcareous

Maun
Fluvial

redeposlted Kalahari
Sands (in floodplalns)

Okavango
Molapo*

redeposited Kalahari
Sands in basins and
ancient floodplains
(finer texture)

Tsau

Nokaneng

very dark grey sandy clay
over light grey fine sands;
non-calcareous
(after STARING 1978)

* first described by SIDERIUS (1972)
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The non-calcareous, shallow profiles of the Sandveld can be regarded
as similar to the Makalamabedi Series, the calcareous, deep profiles
fall either into the group of the Boteti Series or - in the case of
the island profiles - into the Maun Series. Both shallows and deep
Molapo profiles are compared with the Molapo Series.
The shallow profiles of the Alluvial Flats resemble the Okavango
Series: the deep and heavier textured profiles are regarded as Tsau
Series and Nokaneng Series. The soil series mentioned are classified
as follows:

Soil Classification

Soil Series
Soil Taxonomy

FAQ

Makalamabedi

Typic Ustipsamment

Dystric Regosol

Boteti

Typic Ustipsamment

Eutric Regosol

Maun

Ustollic Calciorthalf

Calcaric Regosol

Okavango

Mollic Psammaquent

Mollic Gleysol

Molapo

Mollic Ochraqualf

Gleyic Luvisol

Tsau

Typic Humaquept

Gleyic Cambisol

Nokaneng

Typic Humaquept

Gleyic Cambisol

5.7 Soil Erosion
In several parts of the study area, especially the Alluvial Flats and
also the higher parts of the Thaogc Meandering System, it has been
observed that large amounts of cattle do considerable damage to the
soils. The intensive watering of the herds of cows near the river
Thaoge has a dual effect. Firstly, while walking from the kraal to the
watering points and vice versa the cattle eat all the grasses. Secondly, the trampling of the animals easily disturbs the coherence of the
topsoil that has already been decreased by removal of the vegetation.
Thus, the loose material will be subject to deflation by the strong
winds, and all fine materials like silt and organic matter are blown
away.
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In the northernmost part of the study area (near Phale) this has
already resulted in the deterioration of soils into profiles that
consist only of sand, with only a slight discoloration pointing to a
very small amount of organic matter. The increasing population in the
Gomare area is putting special strain on the present resources of
firewood. In the vicinity of the villages the firewood resources have
been used up to a large extent (BENDSEN/GELMROTH 1983). At this moment
it is not clear whether human activities as gathering firewood are
contributing to the soil erosion problem or not.
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Chapter 6: Land Use and Land Suitability

6.1 Introduction
The location of the study area in the Communal First Development Area
(CFDA) Western Ngamiland justifies the attempt to try and use the
collected information on soil together with (the) information on the
physical characteristics to come to a land suitability classification.
Two types of arable farming are in use within the CFDA Western Ngamiland: dryland farming and molapo farming. Within the study area the
latter practiced. There are several factors (SWECO 1976; STARING 1978;
MULDER 1984; LEENAERS in prep) that hamper an optimal use of the area
for arable farming purposes.
6.2 Land Suitability Classification
To determine the fitness of the study area for arable farming a land
suitability classification is necessary. This involves the appraisal
and grouping of specific areas of the study area in terms of their
suitability for defined purposes. The classification is based on the
Framework for land Evaluation (FAO 1976; ILRI 1976).
Four categories of decreasing generalization can be recognized:
Land Suitability Orders
Land Suitability Classes
Land Suitability Subclasses
Land Suitability Units
Land suitability orders indicate whether land is assessed as suitable
or not suitable for the use under consideration.
Two orders are recognized and defined as follows:

Order S Suitable:
Land on which sustained use of the land under consideration is expected to yield benefits which justify the inputs without unacceptable
risk of damage to land resources;

Order N not suitable:
Land which has qualities that appear to preclude sustained use of the
land under consideration.
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Land suitability classes reflect degrees of suitability Within the
orders 4 classes are recognized:
Class SI highly suitable
Land which is expected to be highly productive for the defined use.
High returns amply justify required inputs. No signifant limitations.

Class S2 moderately suitable
Land which is expected to be moderately productive for the defined
use. Moderate returns justify required inputs. Limitations reduce crop
yield 10-25% and/or increase recurrent costs for production and
conservation.

Class 53 marginally suitable
Land which is expected to have a low productivity for the defined use.
Yield benefits are just high enough to justify required inputs. Limitations reduce crop yields 25-50% and/or considerably increase costs
for production and conservation.

Class 54 very marginally suitable
Land which is expected to have a very low productivity for the defined
use. It is doubtful whether yield benefits alone justify required inputs. Severe limitations reduce crop yields with more than 50% and/or
considerable increase costs for production and conservation.

Within the order not suitable N there are usually two classes:

Class N1 Currently Not Suitable
Land with severe limitations which at present cannot be corrected
economically and which prelude succesful sustained use in the defined
manner.
Class N2 Permanently Not Suitable
Land with severe limitations precluding any possibility of succesful
use of the land for the defined use.
Land Suitability Subclasses reflect kinds of limitations.

Land Suitability Units are subdivisions of subclasses.
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6 . 3 . Present Land Use
6.3.1 General
The major kinds of land use in the area near Gomare are general arable
farming, and livestock farming. Arable agriculture is practiced in two
ways, which are totally different: dryland farming and molapo farming.
Dryland farming is a form of rainfed agriculture, practiced in the
areas that lie in the Sandveld (Gomare Sandveld terrain unit). The
farmers clear their land by slashing and burning the shrub vegetation.
After ploughing (the) seeds are broadcasted. The summer rains supply
the necessary water. Some 300 ha of cultivated land lies in the dryland areas (BENDSEN & GELMROTH 1983). Molapo farming is practiced in
(former) river channels (Melapo, singular molapo) after the waters of
the flood of the Okavango have receded. Therefore it is dessignated as
flood recession farming. In 1983 some 2500 ha of cultivated lands in
the Gomare area were Molapo fields (Bendsen & Gelmroth 1983).

6.3.2 Livestock Farming
Livestock farming is an important agricultural activity in the area
around Gomare. As the geographical distribution of cattle is dependent on the availability of water, the spread of the tsetse fly (which
occurs at present in the more inner parts of the Delta) and to a
lesser extent the occurence of poisonous plants, the cattle population
is concentrated around the Thooge River and the swamp edges (BENDSEN &
GELMROTH 1983).
The amount of cattle in the Nokaneng Flats, i.e. the area including
Gomare, Nokaneng and Habu (see figure 1) in 1980 was estimated at
37,335. It is obvious that such an amount of livestock forms a
considerable threat to the natural grazing resources. As the maximum
carrying capacity of the Nokaneng Flats as recommended by Field (1979)
has been exceeded by about 15,000 head of cattle in 1980 (BENDSEN &
GELMROTH), it is not surprising that the rangeland is badly damaged by
overgrazing.

6.3.3

Molapo Farming

The most important type of arable farming near Gomare is molapo farming. This type of farming can also be indicated as flood plain cultivation. In the Gomare area the channel type of molapo is used.This
type is formed by oxbow-lakes, or blocked, abandoned or sometimes even
active river beds of the Thaoge Meandering System. These channels are
rather narrow (20-100 m) deep (1-3 m) and have steep banks.
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The water necessary for cultivation is supplied by the river Thaoge
which floods melapo once a year. The peak of the flood is generally
between June and September after the flood has receded (September)
farmers start ploughing those fields that seem to have favourable
moisture conditions in that year. An additional supply of water is
formed by rainfall, mainly in the period November-March.
Areas which have not been flooded might be suitable for late culti vation (mainly in the period November-March) when an additional supply
of water is provided by rainfall.
Because of this duality in water supply two types of molapo can be
distinguished: wet molapo and dry molapo. Wet molapo, receiving water
either from a rising groundwater table or from inflow (or backflow) of
river water, can be cultivated independent of rainfall. Dry molapo
receives water in no other way than from rainfall and in this respect
it does not differ from the dry land field in the Sandveld System,
where rainfed arable farming is common practice (JONES 1983).
i

0
Wet Melapo can be flooded in three ways:
-

the annual flood caused by the rise of the Okavango River

-

the seasonal flood due to rainfall over the Okavango Delta

-

excessive local rainfall

Farmers commonly broadcast a mixture of seeds: maize is the staple
crop, while beans, pumpkins, squash and watermelons are intercropped.

6.4 Problems in Melapo Farming
As described above, arable cultivation of the melapo depends on water
supply by the river Thaoge and on additional rainfall. But as rainfall
is very erratic, crop production is largely depending on the discharge
of the river Thaoge (RIEZEBOS & LEENAERS 1984). The flow regime of the
Thaoge, once one of the major outlets of the Okavango Delta has
gradually dwindled. Thaoge water is blocked by extensive papyrus
growth that could develop after a decrease in discharge of the river.
The latter fact is ascribed to subrecent tectonic activities in the
Okavango Delta.
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The steady drying up of the Thaoge River System has forced farmers to
abandon large areas (1000 ha) of their traditional fields as these are
no longer seasonally flooded and thus have become unsuitable for
melapo cultivation (BENDSEN & GELMROTH 1983). At present most melapo
cultivation is concentrated along the main channel of the river Thaoge
between the end of the papyrus blockage near Qanqe Lagoon and
Xhaweshe. Another intensively used area is the Tubu Melapo Area, on
the east side of the present (blocked) Thaoge main channel.

Due to the uncertainty in the rise of the Okavango which varies
considerably in height and timing (regarding both arrival and
recession), wet melapo farming has always been a risky undertaking. An
additional risk in melapo farming is local rainfall. Especially in wet
molapo short periods with excessive rainfall (e.g. over 100 mm within
10 days) may cause waterlogging in the lower parts of the melapo. A
standing crop will suffer considerably and when the situation would
continue for more than a few days the crop may be lost (STARING ET AL
1981). Excessive rainfall over the Okavango Delta for longer periods
(e.g. over 200 mm in one month) will produce rising water levels,
resulting in floods sometimes in a period that crops are almost ready
for harvesting (STARING ET AL 1981).
Dry melapo, on the other hand, run the risk of prolonged dry spells in
the rainy season or absence of rain in the rainy season RIEZEB0S &
LEENAERS 1984).
6.5 Soil Suitability for Maize in Molapo Farming
The three most important environmental resources for arable farming
are climate, soil and hydrology. Soil characteristics that determine
the possibilities for plant growth and thus the suitability for arable
farming are: moisture availability, nutrient availability, oxygen
availability in the root zone, availability of foothold for roots and
conditions for germination. These characteristics, also indicated
(BEEK & BENNEMA 1972) as major land qualities, are closely related to
soil texture (especially clay and silt content) and organic carboncontent. Earlier reports (STARING 1978, STARING ET AL 1981, BENDSEN &
GELMROTH 1983, MULDER 1984) have indicated the favourable conditions
and the outstanding potential of the molapo areas for arable farming.
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Maize is the most important crop that is grown in the melapo. Besides
that beans, pumpkins, squash and melons are grown.
According to VENEMA & RHEBERGEN (1983) maize requirements are:

growing period;

main temperature:

soil moisture:

early variety

90-110 days

medium variety

110-140 days

optimum

20-30°C

range

18-35°C

growing season for medium variety
500-800 mm

soil texture:

optimum

silt loam to clay loam

range

sandy loam to clay

soil depth:

drainage:

0.45 - 0.65 cm

optimum

moderately well-well

range

imperfectly - somewhat
excessively drained
no water loggings

slope:

PH(H?0):

Salinity:

Calcium carbonate:

opt imum
range

8 -18?ó

optimum

5.5 -7.5

range

5.2 -8.2

optimum

4

range

4-10

optimum
range

Nutrients:

50%
high
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An additional remark on the drainage requirements for maize is made by
SIMS (1981): during the first five weeks of growth maximum aeriation
is required. Waterlogging at this time drastically reduces yields.
Water standing on the field at any time for one or two days may kill
the crop.

The soil and climatic conditions which influence the suitability of
land for a specific kind of use are indicated as land qualities.
Land qualities are complex attributes of land which act in a distinct
manner in its influence on the suitability of land for a specific kind
of use.
The following land qualities have been distinguished:
c) correct temperature regime and day length
e) resistance to soil erosion by wind and water
f) absence of damaging floods during the growing season
g) adequacy of conditions for germination, which is influenced by
surface crust, surface stones and gravels, soil structure and
consistency
m) soil moisture availability which is dependent on rainfall, evaporation, relief, soil infiltration capacity, permeability and available water holding capacity
n) nutrient availability, considered are calcium, magnesium, potassium and phosphorus
o) oxygen availability in the root zone, which is determined by soil
drainage during the growing season
r) adequacy of foothold for roots which is determined by soil depth
t) absence of toxic substances like salt, sodium and calcium carbonates
w) workability of the soil as a function of soil consistency, stoniness and rockness
y) adequacy of flooding (molapo farming only)

Each land quality is rated 1-6. An increase in rating usually corresponds with a decrease in suitability of land. Table 8 presents the
land quality ratings for maize in the study area.
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Table 8: Land q u a l i t y r a t i n g s f o r maize growth in the t e r r a i n u n i t s of the
Thaoge Meandering System
Tmls

Tm2k

Tm2g

Tm2t

Tm2n

Tm2x

c o r r e c t temperature reg me

1

1

1

1

1

1

resistance t o erosion

1

1

1

1

2

2

absence of floods

3

3

3

1

1

1

germination conditions

1

1

1

1

1-2

1-2

moisture a v a i l a b i l i t y

1-2

1-2

1-2

2-3

2-3

2-3

nutrient

1-2

1-2

1-2

2

2

2

oxygen a v a i l a b i l i t y

3

3

3

2

1

1-2

f o o t h o l d f o r roots

2

2

2

2-3

2-3

2-3

absence of t o x i c substances

1

1

1

1

1

1

1-2

2-3

2-3

2-3

2-3

2-3

1

1

1

k-5

4-5

availability

w o r k a b i l i t y of s o i l
adequacy of

flooding

4-5

The r a t i n g for a l l land q u a l i t i e s i s matched (compared) w i t h the main
requirements and c l a s s i f i e d i n t o s u i t a b i l i t y classes:
51- highly suitable
52- moderately suitable
53- marginally suitable
54- very marginally suitable
N1- currently unsuitable (presently economically not feasible)
N2- permanently unsuitable
The relation between land quality, land quality rating, and their
suitability for maize growing requirements are listed in table 9.
T hi

Q

The relation between land quality, land quality rating and
the suitability for maize growing requirements
1

2

t e m p e r a t u r e regime

S1

S2

S3-4

N2

erosion

S1

S2

S3

S4

N1

damaging f l o o d s

S1

S2

S3

S4

N1

germination

S1

S2

S3
N2

LAND QUALITY

conditions

3

4

5

moisture

availability

S1

S2

S3

S4

nutrient

availability

S1

S2

S3

S4

S1

S2

S3

S4

N1

S1

S2

S3

S3

N2

S1

S2

S3

N2/1

S1

S2

S3

S4

S1

S2

S3

S4-N1

oxygen

availability

foothold for
toxic

roots

substances

workability
adequacy o f

flooding

N2
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To establish the overall suitability

of the various terrain units the

land quality ratings for each terrain unit are compared with the
suitability classification for maize (see table 10).

Table 10: The land suitability classification for maize qrowth in the molapo region
near Gomare

Tmls

Tm2k

Tm2g

c o r r e c t t e m p e r a t u r e regime

(t)

1

1

1

resistance to s o i l

erosion

(e)

1

1

1

absence o f damaging f l o o d s

(f)

3

germination conditions

(g)

1

1

Tm2n

1

1

3
1

Tm2t

1

1

2

3
1

2
1

1

Tm2x

-

1

1

2

1-2

moisture a v a i l a b i l i t y

(m)

1-2

1-2

1-2

2-3

2-3

2-3

nutrient availability

(n)

1-2

1-2

1-2

2

2

2

3

3

3

2

2

2

2

2-3

oxygen a v a i l a b i l i t y
foothold for
absence o f

roots

toxic

(o)
(r)

substances(s)

w o r k a b i l i t y of s o i l
adequacy o f

flooding

sui t a b i 1 i ty

class

(w)
(z)

1

1

1

1

1 1 - 2
2-3
1

2-3

1

1-2

2-3

2-3

2-3

2-3

2-3

1

1

1

k-S

h-S

h-S

S3
(f,o)

S*4-N1
(z)

S^-Nl
(z)

S^-Nl
(z)

S3
I S3
(f.o)
(f,o)

The lowest suitability class encountered within a terrain unit
determines the overall suitability of the terrain unit for maize
growing. The limiting qualities are indicated by an abbreviation added
to the suitability class.
The suitability classification for maize growth in the melapo (as
described above) is based on the level of management which is at
present in use in the area. This means ploughing and planting the
abandoned and cut-off channels after recession of the flood; no or
limited weedcontrol and no pest or disease control.
Under supervision of the Agricultural Development Ngamiland Project,
stationed in Gomare, farmers in both dryland and melapo farming are
encouraged to improve their farming methods.This implies the use of
appropriate technology like small row-planting implements; an increase
in weeding activities; the use of improved seeds and fertilizers.
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Besides that a sluice gate has been installed in the Tubu molapo
area. This simple inlet structure is used for control of molapo
flooding.The benefits of this improvement of farming methods are not
known in Utrecht yet.
But apparently land under improved farming methods have shown a
considerable increase in yields (personal communication
Mr. R.B. Jones, teamleader of the Agricultural Development Ngamiland
Project).
It is obvious that the most suitable soils for maize growth are
presently found in the seasonally inundated Thaoge main channel
(terrain unit Tmis) and in the Tubu melapo area (terrain units Tm2k
and Tm2g). In all three terrain units the main limiting factor is the
combination of flooding and low oxygen availability. To ensure an
optimal land use in the mentioned areas, possibilities for water
control (with respect to flooding) are regarded as vitally important.
Appropriate water control structures are small hand-built bunds out of
soil and grass-sods. These bunds are most suitable for use in the
channel type of molapo as found in the Gomare area. The efficiency
rate of bunds however is limited, due to the highly variable changes
in the flood level. The effectiveness of the bunds is doubted: considering the arrangement of the different soil layers and the various
types of flooding in molapo, floods can be delayed but not completely
contained (BENDSEN & GELMROTH 1983).
Considering the potential yields of the molapo soils and the need for
economic development of the CFDA Western Ngamiland ,a project for
restoration of the Thaoge flow regime, has been proposed (KRAATZ
1976). An existing dry river bed running to Gomare will be connected
with the Thaoge by excavation of a channel. The by-pass thus created
will bring Thoage water to Gomare where it can enter the main river
channel again and serve for flooding melapo. An additional aim of the
project is to provide an outlook on the possibilities of development
of the agricultural potentials of the Nokaneng Flats, farther to the
south, which would also profit from an additional water supply. This
Thoage Flow Restoration Project is due to be started by the end of
1985. The impact, however, of the implementation of the scheme seems
to have been underestimated. Hydrological observations in the Tubu
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molapo area and subsequent calculations on groundwater flow point to a
decrease of groundwater levels to the east of the by-passed Thoage
Stretch. The area affected by this groundwater lowering will include
the Tubu molapo area (RIEZEBOS & LEENAERS 1984; LEENAERS 1986).
6.6 Land Use Alternatives
As described above arable farming (molapo farming) is the most
important type of land use in the area near Gomare. Considering the
restrictions of this type of farming, it is necessary to look for
alternatives to ensure at least the possibilities of subsistence
cropping.
Except for the melapo there are other areas that might be suitable for
arable farming viz. the Alluvial Flats. The Alluvial Flats were
inundated seasonally in the past and now form extensive areas in a
flat to almost flat position.
In the northernmost part of the study area (east of Phale) it has been
observed that conditions are favourable for arable farming: the water
supply is sufficient to maintain a high groundwater level thus
enabling a continuous vegetation cover (grass) to develop.
This vegetation after decay will contribute to the organic carbon
content in the topsoil and have a positive effect on the water holding
capacity. As in the areas to the south of Phale the soils seem to be
even more favourable, conditions for arable farming on the Alluvial
Flats (terrain unit Fg) can be considered as relatively suitable.
To utilize the agricultural potentials of the soils of the Alluvial
Flats an increase in groundwater level is a necessity. The achievement
of this goal is hampered or even prevented by the Thaoge Flow
Restoration Project. As mentioned by RIEZEBOS & LEENAERS (1984, p 16)
the diversion of the Thaoge might produce a drawdown of groundwater
levels to the East of the by-passed Thaoge stretch due to lateral
outflow.
Another possibility to cultivate the Alluvial Flats is by means of
irrigation. SWECO (1976) made proposals for commercial irrigation
schemes south of Gomare. The area that could possibly be used for this
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irrigation farming project was estimated as about 3500 ha. The
required amount of water for the project was supposed to be drawn by a
canal from the perennial swamps. Considering the low accessibility of
the proposed area, the feasibility of this irrigation project is
doubtfull within the next few years. STARING (1980) estimated the
costs of full irrigation by means of a centrifugal pump. The high
costs of this project made RIEZEBOS & LEENAERS (1984) propose to
consider limited irrigation on parts of the Alluvial Flats, especially
the Gomare Alluvial Flats (terrain unit Fg). As this proposal can only
be worked out after the bypass channel has been functioning for
several years, when groundwater levels have become in a stable
position related to the discharge of the bypass channel, an additional
and intensive monitoring system needs to be installed. The results of
this groundwater monitoring will be of important use in deciding on
the best ways of utilizing the agricultural potentials of the study
area.
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7 Summary and recommendations
7.1 Summary
The geomorphological map of the study area is made based on aerial
photographs. The environment of the River Thaoge can be divided into
three major geomorphological systems, viz. the Deltaic System, the
Alluvial Flats and the Thaoge Meandering System. At present the latter
is the most important for both the subsistence possibilities and the
agricultural development of the CFDA Western Ngamiland. The Thaoge
Meandering System, consisting of a complex of presently used and
former main channels with point bar complexes (channels and ridges)
and interconnected floodplain levels, forms the framework for
agricultural production. The morphological characteristics (formerly
and at present used river channels) together with soil conditions
(texture and both physical and chemical characteristics) and
hydrological conditions (groundwater levels and presence of surface
waters) provide a suitable basis for crop production (especially
maize).
The uncertainty of flooding of arable fields and the development of a
papyrus blockage in the Thaoge main channel forms the basis for the
attempt to bring Thaoge water in the main channel south of the papyrus
blockage via a bypass channel. If this flow restoration project
succeeds, the water might be used for the agricultural development of
the second important major geomorphological system, the Alluvial
Flats. These former floodplains of the Thaoge are extensive areas in a
flat to almost flat position. They might be suitable for irrigation
farming.
In spite of the fact that at present the Alluvial Flats are heavily
overgrazed by the enormous amount of cattle, a change in landuse to
arable farming would provoke serious conflicts between arable farming
and cattle raising.

7.2 Recommendations
Because agricultural development of the CFDA Western Ngamiland is of
primary importance the Thaoge Flow Restoration Project will be started
before the end of 1985. To ensure at least the sustained use of the
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area based on the combination of morphological, hydrological and soil
conditions the following recommendations are made:
- a detailed survey of the area on morphology, topography and soils
needs to be carried out; (hydrological) measurements of
groundwaterlevels need to be extended to the total area influenced
by the Thaoge Flow Restoration Project;
- as long as the Alluvial Flats (also known as the Nokaneng Flats)
are not readily available, no large scale irrigation farming project
should be considered.
- it is important to accelerate the development of water points in
the dryland areas so that a redistribution of cattle will form the
beginning of a decrease in overgrazing and range and deterioration.

66

REFERENCES:

ASTLE, W.L. (1977), Land Systems. In: Investigations of the Okavango
Delta as a primary water resource for Botswana. Technical Note 32,
Volume I, UNDP/FAO, Gaborone, Botswana.
ASTLE, W.L. & H.B. BRAUN (1977), Selected Soil Profile Descriptions.
Technical Note 35, UNDP/FAO, Gaborone, Botswana.

BENDSEN, H.& H. GELMROTH (1983), Land Use Planning Ngamiland Communal
First Development Area, Maun, Botswana.

BOTSWANA SOCIETY (1976): Proceedings of the Symposium on the Okavango
Delta and its future utilisation. 350 p. Botswana Press, Gaborone,
Botswana.

BROOK, G.A. (1982), Stratigraphic evidence of Quaternary climatic
change at Echo Cave, Transvaal and a paleoclimatic record for
Botswana and Southern Africa. CATENA 9, pp 343-351.
BRADY, N.C. (1974) The Nature and Properties of Soils Macmillan, New
York, pp 639.
COOKE, H.J. (1975), The paleoclimatic significance of caves and
adjacent landforms in Western Ngamiland, Botswana. Geographical
Journal, 141, pp 430-444.
COOKE, H.J. (1976), The palaeogeography of the Middle Kalahari of
Northern Botswana and adjacent areas. In: Proceedings of the
Symposium on the Okavango Delta and its future utilisation. The
Botswana Society, Gaborone.

COOKE, H.J. (1979), K. Heine: Radiocarbon Chronology of Late
Quaternary lakes in the Kalahari; Southern Africa. A discussion.
CATENA, 6, p 107.

67

COOKE, H.J. (1980), Landform evolution in the context of climatic
change and neo-tectonism in the Middle Kalahari of North-Central
Botswana. Trans. Inst. Brit. Geogr. NS 5, pp 80-99.

FAO (1966), Guidelines for soil profile description. Rome.
FAO (1972), The water resources of Eastern and Northern Botswana and
their development, Technical Report No. 2, UNDP and FAO, Rome.

FAO (1976), A framework for Land Evaluation. Soils Bulletin 32, FAO,
Rome and ILRI, Wageningen, Publication 22.

FA0-UNESC0 (1974), Soil Map of the World. Vol 1, Legend Paris.
FIELD, D (1979), Potential Carrying Capacity of Rangeland in
Botswana. Ministry of Agriculture, Gaborone.
GARNER, H.F. (1967), Rivers in the making. Scientific American, 216,
pp 84-94.
GARNER, H.F. (1974), The origin of landscapes. London/New York.
Chapter 7.
GREENWOOD, P.G. & R.M. CARRUTHERS (1973), Geophysical Surveys in the
Okavango Delta, Report No. 15 (I.G.S. Geophysical Division,
London).

GREY, D.R.C. & H.J. COOKE (1977), Some problems in the Quaternary
evolution of the landforms of Northern Botswana. CATENA, 4, pp
123-133.
GROVE, A.T. (1969), Landforms and climatic change in the Kalahari and
Ngamiland. Geographical Journal, 135, pp 191-212.
HEINE, K. (1974), Bemerkungen zu neueren chronostratigraphischen Daten
zum Verhaltnis glazialer und pluvialer klimabedingungen. Erdkunde,
28, pp 303-312.

68

HEINE, K. (1978), Radiocarbon chronology of late Quarternary lakes in
the Kalahari, Southern Africa. CATENA, 5, pp. 145-149.
HEINE, K. (1979), Reply to Cooke's discussion of: K. Heine:
Radiocarbon chronology of late Quarternary lakes in the Kalahari,
Southern Africa. CATENA 6, pp 259-266.
HUTCHINS, D.G., S.M. HUTTON & C.R. JONES (1976), The Geology of the
Okavango Delta. In: Proceedings of the Symposium on the Okavango
Delta and its Future Utilisation, pp 13-19.
JONES, R.B. (1983), Agricultural Development Ngamiland, Annual
Workplan.

KING, L.C. (1967), The Morphology of the Earth. Hafner, New York,
pp 726.
KRAATZ, D.B. (1976), Restoration of flow in the Thaoge River.
Technical Note No. 17, UNDP/FAO, Gaborone, Botswana.
LEENAERS, H. (1986): Hydrology and soil water availability in the
Gomare Floodplains. SOREGIO-project Utrecht. Report to Ministry of
LG&L.
MALLICK, D.I.J., F. HABGOOD & A.C. SKINNER (1981), A geological
interpretation of landsat imagery and air photography of Botswana.
Overseas Geology and Mineral Resources No. 56.
MULDER, F. (1984), Aspects of Soil and water of the Western Okavango
Delta, Botswana. Laboratory for Physical Geography, State
University of Utrecht, The Netherlands, pp 62.
MUNSELL COLOR COMPANY (1954), Munsell Soil Color Charts, Baltimore.

REEVES, C.V. (1972), Evidence of rifting in the Kalahari Nature, 237,
pp 95-96.

69

RIEZEBOS, H.Th. & H. LEENAERS (1984), Flow Restoration of the Thaoge
river, Gomare, Okavango Delta, Botswana. Physio-geographical
considerations. Laboratory for Physical Geography, State University
of Utrecht, The Netherlands, pp 19.

SHAW, P. (1983), Fluctuations in the level of Lake Ngami: The
historical evidence. Botswana Notes and Records, Vol 15, pp 79-84.
SHAW, P (in prep.), The desiccation of Lake Ngami: A historical
perspective.
SIDERIUS, W. (1971), Soils of the Shorobe Area. Technical Note 23,
UNDP/FAO, Gaborone, Botswana.
SIDERIUS, W. (1972), Soils of Eastern and Northern Botswana. Technical
Document No. 3, UNDP/FAO, Gaborone, Botswana.

SIMS, D. (1981), Agroclimatological Information, Crop Requirements and
Agricultural Zones for Botswana. Land Utilization Division,
Ministry of Agriculture, Gaborone, Botswana.
SMITH, P.A. (1976), An outline of the vegetation of the Okavango
Drainage System. In: Proceedings of the Symposium on the Okavango
Delta and its' future Utilisation, pp 93-112.

STARING, G.J. (1978), Soils of the Okavango Delta, Field Document No.
14, Research on the Swamp and Dry land Soils of the Okavango Delta.
Gaborone, Botswana.

STARING, G.J. et al (1981), Molapo Development and the Drought Relief
Programme, Research on the Swamp and Dryland Soils of the Okavango
Delta, Gaborone, Botswana.

SWECO (1976), Study of the Use, Extraction and Transfer of the
Okavango water for Development of the Okavango Corridor. Stockholm,
Sweden.

70

UNDP/FAO (1977), Investigation of the Okavango Delta as a primary
water resource for Botswana. Technical Report, Vols. 1 and 2,
Gaborone, Botswana.

USDA (1975), Soil Taxonomy, Agricultural Handbook No. 436. Soil Survey
Staff, US. Department of Agriculture pp 754.

USDA (1972), Soil Survey Laboratory Methods and Procedures for
Collecting Soil Samples. Soil Survey Investigations Report No. 1,
Soil Conservation Service, U.S. Department of Agriculture, pp 63.
VENEMA, J.H. & G.J. RHEBERGEN (1984), A system of Land Evaluation for
Arable farming in Botswana. Draft Version, pp 45.

WELLINGTON, J.H. (1985), Southern Africa, a geographical study. Vol 1,
Physical Geography, Cambridge University Press.

WILSON, B.H. (1973), Some Natural and Man-made Changes in the Channels
of the Okavango Delta. Botswana Notes & Records, 5, pp 132-153.
WILSON, B.H. & T. DINCER (1976), An introduction to the Hydrology and
Hydrography of the Okavango Delta. In: Proceedings of the Symposium
on the Okavango Delta and its Future Utilisation, pp 33-47.

WRIGHT, E.P. (1978), Geological Studies in the Northern Kalahari.
Geographical Journal, 144, pp 235-250.

APPENDICES

APPENDIX I I :

>•
X

a.

s
CD
O
Q.

O
H

>•
o
-J

o
X

a.
cc
o

to

x
co
>co
<
o
ü>

o
o

—1

X
CC

o.

o
x

—

in
0)

in

c

*J

ra

i<u
o
L.

in

\.-^-

I I I , I I

ra
*>
3

ra

4-)

tn

U

in
0)
in X

10

-C o
O
i- ra
0) -O

>
«- c

-

•M O
c O.
0)

ra 2

~Y

) ' '
^

' " " N

E
<u
4-1

m
>>
L.

co

>

O

ra
JC

I I I 1 I

-i.

^V )

*•—

•M
4->

"<*

0)
in
0)

ra
• 3
•• X

—

cc in •—
ra
ra <u c

o o

«4- E
4J O L.
O
3 U

4->

0)

ra • o

—

o .ra
>^
Q •—

.c
+j j j

._ c —
l_

o c ra
QL 0) •o
c

> "O (1)
3
• - C O . C

%»_ ra*—'

»

\
-o»—.
^^ • ^ ^

in

E
O
4-)

>co
o
ra
0)

ff

innel
imp Ie

Legend of the geomorphological nap

4)

a»
ra
•«•
>

O

^

E
in

4-)

co
>
•o
c
ra
co
V.•.-.-.•.

f ch
pi ex
easo

Q.

in

14J

ra

in

E
o

4-*

tn

ra in
o >O)

o
O.
i_

O
E

i_

ra
-o
c
3
O

in

c

4->

3
C

0)

ra
i_
u

ra
c
3
O

APPENDIX III: Vegetation of the Okavango Delta (after Smith 1976)

TABLE 1
!WH! of the Delta and panhandle: riverine and swamp
areas, flood plain and island/mainland edges
1. Found mostly at island edges within the perennial and seasonal swamps
(a) Semi-aquatic: perennial swamps only:
Ekebergia captnsis
Phoenix reclinata
Rhus quartmiana vat. quartiniana
Syzygium gutneense X cordatum
(hybrid)
(b) Semi-aquatic: perennial and seasonal swamps
Ficus verruculosa
(c) Other
A cacta galpinii
A cacia karroo
A cacia nigrcscens
A Ibizia harvtyi
AIbtzia versicolour
Antidesma venosum
Berchemia discolor
Carissa edulis
Cassiru transvaalensis
Croton megalobotrys
Diospyros mespiliformis
Ficus burkei
Ficus sycomorus
Garcinia livingstond
—
Hyphacne beguellensis var.
Kigelia pirmata
ventricosa
Sclerocarya cqffra
Lonchocarpui rapassa

2. Found mostly at floodplain-edges with the mainland
A cacia Jleckii
,4 cacia enoloba (giraffae)
Acacia tortilis spp. hetertcanlha
A cacia hebeclada
and spp. spirocarpa
A cacia steberana var. woodii
Combretum imberbe
Colophospermum mopane
Terminalia sericea
Gardenia spatultfolia
Zizyphus mucronata
3. Found at miscellaneous sites
A cacia leuderitzii
Boscia albitrunca
Commiphora sp.
Lonchocarpus nelsii

A dansonia digitata
Combretum hereroense
Euclea divinorum
Peltophorum africanum

4. Found very rarely
Burkea africana
Combretum apiculatum
Euphorbia ingens
Lannea stuhlmanntj var tomentosa
Olax dissilijlora
Pterocarpus angolrnsis

Cassine matabelica
Combretum zeyheri
Kir km acuminata
Ochna Pulchra
filtostigma thonningit
Ricinodendron raulanenu

5. Found only in the upper panhandle
Acacia albtda (islands)
Cassine aelhiopua (islands and
mainland-edge)
Syzygium guineense ssp. barotsense
(semi-aquatic)

A cacia hebeclada ssp.
chobiensis (islands)
Rhus quartmiana var.
zambesica (islands)

Note:
-^*»
(a) At Sections (1(c) and 2) it is emphasised that some trees listed as occurring mostly
at island edges were often at floodplain edges a n d vice versa.
(b) Some of the ssp. listed at 2, 3 and 4 are mainland "strays."

TABLE2
Shrubs and other woody ssp. of the Delta a n d p a n h a n d l e :
riverine a n d swamp area, floodplain a n d
island/mainland-edges
1. Semi-aquatic or aquatic
Ficus caprei/olia
Hibiscus diversijolius ssp. rivularis
Rubus exsuccus

Ficus pygmaea
Myrica serrata
Tacazzea apiculata

2. Island and mainland-edges
Bauhmta maaantha
Combretum aibopunctatum
Commiphora qfricana var.
rubrijlora
Capparis tomentosa
Diospyros lycioides
Ehretia eoerulea
Grewia bicolor
Grewia Jlavenscens
Lanlana angolensis
Mayterms heterophylla
Pavetta lasiopeplus
Plumbago zeylanica
Rhus tenuinervis
Tricalysia allenii
Vemonia amygdalina
Ximenia americana
3. Creepers and lianes
Clematis brachiata
Cocculus hirsutus
Cynanchum schisloglossum
Gymnema sylvestre
J asm inumjluminense
Rhoicissus tridentata
4. Upper panhandle only
Canthium huillense (climber)
Mimosa pigra (aquatic)
Pavetta assimilis (shrub)

Boscia mossambicensis
Combretum sp.
Cordia ovalis
Dichrostachys cinerea
Ehretia amoena
Flacowrtia indica
Grewiajlava
Grewia schinzii
Markhamia acuminata
Mayterms senegalensis
Phyllanthus reticulatus
Rhus pyroides var. gracilis
Securinega virosa
Vangueria infausta
Ximenia cqffra

Clematopsis scabiosifolia
Combretum mossambicensis
Gongrothamnus divaricatus
Hippocratea qfricana var.
richardiana
Pergularia daemii
Sarcostemma viminale

Citropsis daweana (shrub)
Oncoba spinosa (shrub)

TABLE 3
Aquatic herbs and ferns of the Delta and panhandle:
riverine and swamp area and floodplains
(excluding "pan" species, grasses and sedges)
1. Free-floating: leaves on or above surface
Azolla pinnata oar. qfricana
Lemna perpusilla
Lemna sp. (Hrisulca)
Spirodela polyrhiza
(Ricciocarpus natans (Liverwort))
2. Free-floating: Submerged
Aldrovanda vesiculosa
Utriculariafoliosa
Utricularia rejlexa var. reflexa

Utricularia benjamimana
Utricularia injlexa
Utricularia stellaris

Partly emergent:
Utricular uz armaria
Utricular ia gibba ssp. gibba
and ssp. txoltia
Utricularia subulata
3. Rooted: submerged
Ceratopteris thalictroides
(also emergent)
Ceratophyllum dmersum (also freefloating below surface)
Eichhornia nutans
Limnophila ceratophylloides
Najas pedinata
Ottelia kunmensis
Ottelia ulvifolia
Rotala myriopylloides
Wiesneria schweinjurthii

Utricularia scandens
(Chora and Nitella spp.
(dgae))

Lagarosiphon ilicifolius
Limnophila indica
Nesaea crassicaulis
Ottelia muricata
Potamogeton trichoides
Vallisneria aethiopica

4. Rooted: Floating-leaved
Brasenia schreberi
Nymphata lotus
Nyphoides brevipedicellata
Nymphoides thunbergiana
Potamogcton thunbergii

Caldesia reni/ormis
Nymphata caerulea
Nymphoides indica
Potamogeton schweinjurthii
Trapa natans var. bispinosa

5. Rooted: Floating-stemmed
A eschynomcneJluilans

Ipomoea aquatica

6. Rooted: Emergent
Adenostemma caffrum
Altemanthera sessilis
Ammannia prieuriana
Captronia serrata
Commelina diffusa
Commelina macrospatha
Crassocephalum picridifolium
Drosera madagascariensis
Exdopkia latilabris
Floscopa glomerata
Habemaria schimperana
Hygrophila pnmelloides
Lmnophyton angolense
Ludwigia abyssinica
Ludwigia leptocarpa
Ludwigia palustris
Melanthera scandens ssp.
madagascariensis
Oldenlandia lanci/olia

Altemanthera nodiflora
Ammannia baccifera
Burnatia emtandxa
Centella asiatica
Commelina Jluviatilis
Commelina zambesica
CyclosoTUS interruptus
Ethulia conyzoides
Eulophia sp.
Haberariajilicornis
Hydrocotyle verticillata
Kosteletzkya buettnen
Laurembergia repens ssp
brachypoda
Ludwigia erecta
Ludwigia octovalvis ssp.
brevisepala
Ludwigia stolonifera
Microlepia spelunca
Pentodon pentander

Polygonum limbatum
Polygonum saliajolium
Polygonum strigosum
Rhamphicarpajistulosa
Senecio strictifolius
Torenia thouarsii
Xyris capensis
Xyris straminea
7. Semi-woody
Aeschynomene aistata var. cristata
Sesbania cinerascms
Sesbania microphylla

8. Creepers
Cassythafiliformis
Cuscuta capestris
Ipomoea rubens
Vigna luteola

Polygonum pulchrum
Polygonum serugalensis
Pycnostachys coerulea
Senecio leptocephalus
Typha latifolia ssp. capensis
Thelypteris conjluens
Xyris rehmannii

Aesckynomene indica
Sesbania bispinosa var.
bispinosa
Sesbania rostrata

Cissampelos mucronala
Cuscuta australis
Mikania cm data

TABLE 4
Grasses and sedges of the Delta and panhandle:
Riverine and swamp areas, flood plain
and island/mainland-edges
1. Found in perennial swamps
Grasses
Panicum hymeniockilum
Sedges
Cyperus papyrus
Websteria confervoides
2. Found in perennial and seasonal swamps
Grasses
Diplachnt gigant ea
Echinochloa stagnina
Leersiajriesii
Panicum pannfolium
Panicum subalbidum
Paspalum scrobiculatum
Phragmites australis
Sacciolepsis africana
Vossia cuspidata

Echinochloa holubu
(? pyramidalis)
Eriocfaysis pallida
Leersia kexandra
Panicum repens
Paspalidium platyrrhachis
Pennisetum glaucoclaaum
Phragmites mauritianus
Sacciolepsis typhura

Sedges
Carex cognata
Cyperus articulatus
Cyperus digitatus ssp. auricomus
Cyperus nudicaulis
Eleocharis acutangula
Fimbristylis companata
Fuirena stricta
Pycteus mundtit
Pycreus polystachyos
Scirpus cubensis
3. Found in seasonal swamps and
Grasses
A croceras macrum
A ndropogon hutllensis
Brachiaria dura
Brachiaria rugulosa
Cymbopogon rxcavalus
Digitaria eylesn
Eragrostis lappula
Eragrostis sarmentosa
Eulalia gentculata
Hyparrhenia rufa
Panicum coloratum
Setaria anceps
Setaria sphacelata
Sorghastrum fiiesit
Sporobolus ioclados
Sporobolus I metlus
Tnchoneura grandiglumis
Sedges
Cyperus alopecuroides
Cyperus dives
Cyperus imbricatus
Cyperus tongus
Cyperus maculatus
Eleocharis aJropurpureus
Eleocharis margimtlala
Eleocharis variegata
Fimbristylis dichotoma
Fimbristylis bisumbellata
Kyllinga erecta var. erecta
Kyllinga erecta var. intricate
Pycreus aethiops
Pycreus uniolotdes
Rynchospora perrieri

Cladium mariscus ssp. jamaicense
Cyperus denudatus var. denudatus
Cyperus papyrus
Eleocharis dulcis
Fuirena pubescens
Fuirena umbellata
fycreus nitidus
Rhynchospora africana
Scirpus inclinatus
lains
Andropogon eucomus
A ristida junaformis ssp.
welwitschn
Brachiaria humiduola
Chlorts gayana
Digitaria debihs
Eragrostis inamoena
Eragrostis namequensis
Eragrostis stapfn
Hemarthrta altissima
Imperata cylindrica
Panicum dregeanum
Setaria angustifolia
Sorghum verticilli/lorum
Sporobolus africanus
Sporobolus spicatus
Trachypogon spicatus
Vetiveria nigritana

Cyperus compressus
Cyperus denudatus var.
sphaerospermum
Cyperus laevigatus
Cyperus longus var. tenuiflorus
Cyperus mwinilungensis var.
mwinilungensis
Eleocharis tntricata
Eleocharis nigrescens
Fimbristylis sp.
Fimbristylis squarrosa
Fuirena ci liaris
Lipocarpha atra
Pycreus Jlavescens
Rhynchospora holoschoenoides
Scirpus isolepsis

Scirpus maritimus
Scirpus uninodis
SderiaJUxuosa
Selena sp.

Scirpus sp.
Scleria dregeana
Selena melanomphala

4. Found in floodplains and islands
Grasses
Aristiaa meridionalis
Botkriochloa insculpta
Dactyloctenium aegyptium
Digitaria eriantha
Eragrostis rigidior
Eragrostis viscosa
Hyperthelia dissolula
Stipagrostis uniplumis

Aristiaa pitgeri
Cynodon dactylon
Dactyloctenium giganteum
Eragrostis pollens
Eragrostis tricophora
Heteropogon contortus
Schizachyrium jefferysii

Sedges
Bulbostylis barbala
Cyperus amabilis
CyperusJulgens
Cypertts rotundas
Fimbristylis hispidula
Mariscus hamulosus
Mariscus laxiflorus
Scirpus mwricirmx

Bulbostylis burchellii
Cyperus esculentus
Cyperus margaritaceus
Cyperus zollingeri
Kyllinga alba
Mariscus squarrosus
Pycreus macrostachyus

5. Found on islands (including "pans")
Grasses

A ndropogon gayanus
Aristiaa stipitata ssp. stipitata
Brachiaria deflexa
Chloris vhgata
Cymbasetaria sagittifolia
Digitaria perrottetii
DiplachneJusca
Elymandra grallata
Enteropogon macrostachyos
Eragrostis cilianensis
Eragrostis superba
Oplismaais burmannii
Panicum maximum
Pogonarthria squarrosa
Schmidtia kalahariensis
Setaria pallidejusca
Sporobolusjim briatus
Sporobolus natalensis
Stipagrostis hirtigluma ssp.
patula
Tragus racemosus
Urochloa trichopus
Sedges
Cyperus difformis
Mariscus dubius
Pycreus pelophilus
Scirpus articulatis

Aristiaa adscensionis
Aristiaa congesta
Brachiaria nigropedata
Ccnchrus ciliaris
Digitaria milanjiana
Digitaria velutina
Echinochloa colonum (PJrumentacea)
Enneapogon cenchroides
Eragrostis aspera
Eragrostis tchinochloidea
Leptocarydion vulpiastrum
Panicum kalaharense
Perotis patens
Rhynchelytrum repens
Schmidtia pappophoroides
Setaria verticillata
Sporobolus macranthelus
Sporobolus pyramidalis
Tragus berteronianus
Urochloa mossambicensis

Mariscus assimilis
Pycreus chrysanthus
Pycreus pumilus
Scirpus jacobii

TABLE 5
Herbs of the Delta and panhandle: floodplaim and
island/ mainland-edges
(other than grasses, sedges and aquatics)
(genera only)
Islands/mainland-edges
A butilon
Ac/tyranthes
Acrotome
Acalypha
Aloe
Aerva
Barleria
Asparagus
Blumea
BUpharis
Borreria
B ideas
Commtcarpus
Cassia
Cardiospermum
Crotalaria
Diclipteris
Cyphostemma
Gloriosa
Dcsmodtum
Haemanthus
Glycine
Hibiscus
Hemizygia
Hydnora
Hoslundia
Indigo/era
Hypoestes
Kedrostis
Justicia
Lupiniphylium
Leonotis
Monechma
Lablab
Nelsonia
Momordica
Peristrophe
Octmum
Pupalia
Piuchea
Ruspolia
Ruetlia
Tragia
Sansaiena
Urginea
Trxumjetta
Zehneria
Wissadula
Floodplains
A canthosicyos
Bergia
Buchnera
Chenopodium
Conyza
Craterostigma
Crotalaria
Diclis
Dissotis
Enicostemma
Euphorbia
Gisekm

Alectra
Blumea
Cassia
Cleame
Corchorus
Crvnum
Dicerocaryum
Dipcadi
Eclipta
Eriocaulon
Eoolwlus
Glims

Gnaphalhan
Heliotropium
Hibiscus
Ilysanthes
Indigofera
Kohautia
Limeum
Lobelia
Marsilea
Melochia
Mollugo
Nesaea
Nicolasia
Oldenlandia
Oxygomtm
Periglossum
Pollichia
Polygala
Pycnosphaera
Rhamphicarpa
Sesuvium
Sida
Sopubia
Sulera
Tephrosia
Trianthema
Vernonia
Xanthium

Gomphocarpus
HermantHL,
Hyptis
Ipomoea
Juncus
Lightfootia
Limosella
Lophiocarpus
Melhania
Mimulus
Monsonia
Neohyptis
Nidorella
Orthanthera
Pavonia
Phila
Polycarpaea
Portulaca
Pterrococcus
Sesamum
Sebaea
Sonchus
Sphaeranthus
Talinum
Trachyandra
Vahlia
Vigna
Zaleya

APPENDIX I V :

S o i l p r o f i l e d e s c r i p t i o n s and s o i l analyses r e s u l t s

SOIL PROFILE DESCRIPTION SHEET
PROFILE
LOCATION

DATE

SHEET NO,

PHOTO NO. 40/016

NO,
Gomare c l i n i c

23/7/1984

UNIT: Sg
AUTHOR P. Roeters

SOIL CLASSIFICATION (FAQ) Eutric Regosol
SOIL CLASSIFICATION (ST) Typic Quartzipsamment
PHYSIOGRAPHIC POSITION

Sandveld

TOPOGRAPHY flat

MICROTOP.

SLOPE

SURFACE COND. loose sand

LAND USE/VEGETATION small sand quarry/ open acacia woodland
SPECIES

acacia spp

PARENT MATERIAL alluvial

DRAINAGE 3-4

MOISTURE COND.

GROUNDWATER TABLE -

dry

EROSION/DEPOSITION some
HUMAN INFLUENCE

windblown sands

(thickness some 10 cm)

vegetation removed for small quarry

REMARKS

HORIZON DESCRIPTION
hor.symbol

A(h)

depth

0-35

35-100+

colour moist

10YR3/1

10YR5/2

10YR4.5/1

10YR7/2

dry
mottling
texture

loamy sand

sand

consistence

soft-loose

loose

structure

»/ery weak
ned s blocky

structureless
single grain

carbonates
samples

10 20

REMARKS ON THE PROFILE

SITUATION SKETCH

Ochric A-horizon

cm/K

p»f»u
oo^nx. 4 CSC'-"*)

PR-1984

SOIL PROFILE DESCRIPTION SHEET
PROFILE NO.
LOCATION

PHOTO NO. 40/016

B

SHEET NO,

Gomare (end of airstrip)

DATE 23/7/1984

UNIT:Sg

AUTHOR P.Roeters

SOIL CLASSIFICATION (FAO) calcaric regosol
SOIL CLASSIFICATION (ST) aridic ustochrept
PHYSIOGRAPHIC POSITION

sandveld

TOPOGRAPHY flat^almost flat

MICROTOP,

SLOPE

SURFACE COND.some loose sand

less than 2%

LAND USE/VEGETATION
SPECIES

woodland (dense)

Acacia spp.

PARENT MATERIAL alluvial

DRAINAGE

MOIffHJRE COND.

GROUNDWATER TABLE

dry

3-4

EROSION/DEPOSITION
HUMAN INFLUENCE
REMARKS

some litter

near trees

HORIZON DESCRIPTION
hor.symbol

Ah

Bk

:k

depth

0-10

10-45

i5-120+

10YR3/1

10YR5/1

10YR4.5/1

10YR7/1

co1ou r mo Is t 10YR3/1
dry

10YR4.5/1

ew fine faint common med-fire
iffuse calc
dist clear-diflf «calc

mottling
texture

loamy sand

loamy sand

loamy sand

consistence

soft-sl hard

soft-loose

soft-loose

structure

mod weak fine very weak
med s blocky

carbonates
samples

J±-

n-m

very weak

J±-

_±±±_

?n-3n

6n-7T)

REMARKS ON THE PROFILE

SITUATION SKETCH

Calci C; Ochric A;
mineral nodules in C-horizon: few-many
small soft angular white CaCO--nodules

PR-19

J

SOIL PROFILE DESCRIPTION SHEET
PROFILE NO.
LOCATION
DATE

SHEET NO,

PHOTO NO.40/016

UNIT: Sg

Gomare (garbage pit)
AUTHOR P.Roeters

24/7/9184

SOIL CLASSIFICATION (FAQ) Calcaric Reaosol
SOIL CLASSIFICATION (ST)

a r ! d ; c ustochrept

PHYSIOGRAPHIC POSITION sandveld
TOPOGRAPHY

flat-alomost flat

MICROTOP,

SLOPE

less than 5%

SURFACE COND. some loose material

LAND USE/VEGETATION
SPECIES
PARENT MATERIAL a l l u v i a l / l a c u s t r i n e ?

DRAINAGE

MOISTURE CONDdry

GROUNDWATER TABLE

EROSION/DEPOSITION
HUMAN INFLUENCE

3-4
-

some windblown deposits at surface

garbage pit/ digging for calcrete

REMARKS

HORIZON DESCRIPTION
hor.symbol
depth

A(h)
0-25

colour moist 10YR2.5/1
dry

10YR3.5/2

mottling

Bwk
25-50

50-150+

10YR3/2

10YR4.5/1

10YR4/2

10YR6/2

few fine dist few fine faint
clear white
diff-clear white

consistence

sandy loam
loamy sand - sand
sand
soft
soft- si hard soft - si hard

structure

very weak

texture

very weak
mod weak
fine-med s bl

carbonates
samples

0-10

30-40

60-70
- loo

f
REMARKS ON THE PROFILE
profile calcareous only at CaCO -nodules;
mineral nodules in Bwk and C horizon:
few small soft angular white CaCO_;
at 2.5 m -surface a continuous calcrete
deposit can be observed (see photo); the
deposit has a sharp upper boundary with
overlying deposits which show seasonal
layers (lacustrine deposits??)

SITUATION SKETCH
JfldC

^

_

?.r AV

(J-+++)

PR-19.8^
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SOIL PROFILE DESCRIPTION SHEET
PROFILE NO. D
LOCATION

SHEET NO.

PHOTO NO. 40/013

Freedom square

UNIT: Tm2k

DATE 27/81984

AUTHOR P. Roeters

SOIL CLASSIFICATION (FAO) Mollic Gleysol
SOIL CLASSIFICATION (ST)

A q u

j

c

Dystric Eutrochrept

PHYSIOGRAPHIC POSITION channel in alluvial complex
TOPOGRAPHY
SLOPE

undulating

MICROTOP. molapo bottom
SURFACE COND.

20-25%

LAND USE/VEGETATION arable farming and grazing area.
SPECIES

maize

PARENT MATERIAL alluvial

DRAINAGE 1-2

MOISTURE COND. moist-wet

GROUNDWATER TABLE -0.70 m

EROSION/DEPOSITION HUMAN INFLUENCE

ploughing

REMARKS

HORIZON DESCRIPTION
hor.symbol

AD

1C

2Ca

depth

0-25

25-55

55-120+

colour moist

10YR2/1

10YR3/1.5

10YR7/2

dry
mottling

common-many,f i re-coarse,
-

srominent, d e c r 10YR5/8

texture

peaty clay

p clay + sand

consistence

friable

si sticky
n plastic

n sticky
n plastic

structure

very weak

very weakstr less

structureless
single grain

carbonates

-

samples

0-1Q

-

30-40

REMARKS ON THE PROFILE

sand

-

-.—

-

SITUATION SKETCH

hydromorphic properties in sand due to
(subrecent) groundwaterfluctuations

3<r m
/

<

To ^
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SOIL PROFILE DESCRIPTION SHEET
PROFILE N O . E
LOCATION
DATE

SHEET NO,

PHOTO N O . 40/013^

Freedom square

27/8/1984

UNIT: Ft
AUTHOR P.Roeters

SOIL CLASSIFICATION (FAO) Haplic Phaeozem
SOIL CLASSIFICATION (ST)

Dystric Eutrochrept

PHYSIOGRAPHIC POSITION floodplain level in alluvial complex
TOPOGRAPHY (aim) flat

MICR0T0P. si sloping

less than 5%

SLOPE

LAND USE/VEGETATION

SURFACE COND. dried o u t , crusted

grazing area (overgrazed)

SPECIES

PARENT MATERIAL alluvial

DRAINAGE 1-2

MOISTURE COND. dry

GROUNDWATER TABLE

-2.00 m

EROSION/DEPOSITION some windblown deposits at surface
HUMAN INFLUENCE
REMARKS

extensive areas of bare soil; vegetation removed by grazing
animals

HORIZON DESCRIPTION
hor.symbol

Ah

3wg

1Cg

2C

depth

0-20

20-70

70-130

130+

I0YR3/1

10YR3/1

10YR6/2

co 1 ou r mo i s'; 10YR3/1
dry
mottling
texture
consistence
structure

I0YR4.5/2
10YR8/2
10UR4/2
fine-coa
comm-man>
ew-comm f-med
dist-pron cl-shar 10YR5 8
ai-dist cl-di Ff
10YR6/1.5

0YR5/8
clay
si hard

clay
hard

v weak m-s bl mod weak
n-c s bl

clay
hard

san<3
loose

mod weak m-c
s bl

structureless
single grain

carbonates
samples

0-15

50-60

REMARKS ON THE PROFILE

SITUATION SKETCH

roots: A h : many fine;Bwg:few fine-v fine;
1Cg:few fine-v fine
bound: Ah:clear smooth, wavy;Bwg:clear
smooth,wavy;1Cg:abrupt smooth wavy

profiler

I

Voo

t^

If 3*&

PR-1984

SOIL PROFILE DESCRIPTION SHEET
PROFILE NIO.F

LOCATION

PHOTO NO.40/013

SHEET NO.

Freedom Square

UNIT: Si
AUTHOR P.Roeters

DATE 27/8/1984
SOIL CLASSIFICATION (FAO)

Cal caric Regosol

SOIL CLASSIFICATION (ST)

Aridic Ustochrept

PHYSIOGRAPHIC POSITION Island in alluvial complex
MICR0T0P. top of island

TOPOGRAPHY fl almost flat
SLOPE less

than 5%

SURFACE COND.

loose material

LAND USE/VEGETATION grazing area/
SPECIES

Acacia spp., deciduous trees, mokola paam

PARENT MATERIAL aeolian

DRAINAGE l~k

MOISTURE COND.

GROUNDWATER TABLE

dry

EROS ION/DEPOSITION some windblown deposits
HUMAN INFLUENCE
REMARKS

HORIZON DESCRIPTION
hor.symbol

Ah

C11

C12k

depth

0-20

20-90

90-120+

10YR3/3

10YR5/3.5

10YR6/3

10YR6/2.5

colour moist 10YR3/1.5
dry

10YR5/2.5

few fine-med
dist cl-diff f/hite

mottling
texture

loamy sand

loamy sand

loamy sand sar dy 1oam

consistence

soft

soft-loose

soft-sl hard

structure

very weak

very weak

very weak

carbonates
samples

++
0-10

REMARKS ON THE PROFILE

30-40

100-110

SITUATION SKETCH

PR-1

J

SOIL PROFILE DESCRIPTION SHEET
PROFILE
LOCATION

SHEET NO,

PHOTO NO. 11/424

NO. G

UNIT: Fg

Tubu Bridge

DATE 27/8/1984

AUTHOR

P.Roeters

SOIL CLASSIFICATION (FAQ)

Eutric Gleysol

SOIL CLASSIFICATION (ST)

Dystric Fluventic Eutrochrept

PHYSIOGRAPHIC POSITION floodplain level in alluvial complex
TOPOGRAPHY flat

MICROTOP. flat

SLOPE

SURFACE COND. dried out

LAND USE/VEGETATION grazing area/grasses
SPECIES

PARENT MATERIAL alluvial

DRAINAGE

2-3

MOISTURE COND. dry

GROUNDWATER TABLE -180 cm

EROSION/DEPOSITION some windblown deposits at surface
HUMAN INFLUENCE
REMARKS

Profile is located next to Tubu Bridge;erosion has caused the steep
transition from floodplain level to the river Thaoge

HORIZON DESCRIPTION
hor.symbol

Ah

2C

depth

0-20

20-200+

colour moist

10YR3/1

10YR6/2

dry
mottling

10YR8/2
10YR4/1
few fine-med
dist cl diff

texture

clay loam

sand

consistence

1 hard

loose

structure

weak med-c
; blocky

structureless
single grain

carbonates
samples

0-10

REMARKS ON THE PROFILE

SITUATION SKETCH

ffdfkA

PR-1984

SOIL PROFILE DESCRIPTION SHEET
PROFILE

NO.

LOCATION
DATE

PHOTO NO.

20

SHEET NO,

40/014

Tubu Island

UNIT:Tm2k
AUTHOR

7/3/1984

P.Roeters + H. Riezebos

SOIL CLASSIFICATION (FAO)

Orthlc Luvlsol

SOIL CLASSIFICATION (ST)

Aquic Paleustalf

PHYSIOGRAPHIC POSITION river channel in alluvial complex
TOPOGRAPHY channel bottom

MICROTOP. -

SLOPE

SURFACE COND,

LAND USE/VEGETATION
SPECIES

arable farming/

maize

PARENT MATERIALalluvial

DRAINAGE

2-4

MOISTURE COND. dry

GROUNDWATER TABLE

-

EROSION/DEPOSITION some loose sand
HUMAN INFLUENCE

ploughing land

REMARKS

HORIZON DESCRIPTION
hor.symbol

1Ap

1Bw

1C

2C

depth

0-16

16-75

75-85

85-140+

colour moist

10YR3/1

10YR3/2

10YR3/2

10YR7/2

10YR5/1

10YR5/1

10YR5/1

10YR8/2

texture

loam

siIty clay
loam

loamy sand

sand

consistence

friable

si hard-hard

si hard-soft

soft-looose

structure

m-v weak
massive-weak moderate
m-c s blocky c-vc s blocky c-vc s blocky

dry
mottling

structureless
single grain

carbonates
samples

n-16

REMARKS ON THE PROFILE

^n-4n

«*
^

(75-85

SITUATION SKETCH

pR-1981

SOIL PROFILE DESCRIPTION SHEET
PHOTO NO. 11/424

PROFILE . NO. 29
LOCATION

SHEET NO.

Tubu Island

DATE 3/3/1984

UNIT: Tm2k
AUTHOR

SOIL CLASSIFICATION (FAO)
SOIL CLASSIFICATION (ST)

P.Roeters + H.Riezebos

Eutric Fluvisol
Mollic

p sam maquent

PHYSIOGRAPHIC POSITION riverchannel in alluvial complex
TOPOGRAPHY channel bottom

MICROTOP,

SLOPE

SURFACE COND.

LAND USE/VEGETATION

arable land/maize

SPECIES

3-4

PARENT MATERIAL

alluvial

DRAINAGE

MOISTURE COND.

dry

GROUNDWATER TABLE

EROSION/DEPOSITION HUMAN INFLUENCE
REMARKS

ploughing land

profile located next to groundwaterpipe 29

HORIZON DESCRIPTION
hor.symbol

Ap

depth

0-13

13-140+

colour moist

10YR2.5/1

10YR6/2

10YR3.5/1

10YR8/2

dry
mottli ng

sand

texture

loamy sand

consistence

friable

loose

structure

very weak
f-m s blocky

structureless
single grain

carbonates
samples

0-13

20-25/w't,*/

REMARKS ON THE PROFILE

~TJ\

130-11,0

SITUATION SKETCH

In the pit at 80-95 cm depth: small scale
ripple marks point at fluvial origin of
the deposit. Flow direction parallel to
molapo direction, though opposite to the
actual direction of flow.

PR-1984
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APPENDIX V: Laboratory methods
1. Particle size analysis
The determinations were carried out on the fine earth fraction of all
samples by sieving and the pipette method. Air dry samples were gently
crushed and sieved through a 2 mm sieve. Organic matter was then
removed by treatment with H2O2; carbonates and iron coating were
destroyed by 2NHC1. The thus created soil pastes were neutralized by
successive washing with distilled water and wet sieved through a 50
micron sieve into a 1000 ml cylinder. A solution of sodiumphyrophosphate and sodium-carbonate was used as a dispersing agent. The
cylinders were topped up to 1 1 with demi water and shaking thoroughly
for good dispersion. The particle size analysis continued according to
standard procedures.

2. pH(H20) and PH(CaCl2)
The pH is determined in a soil to water and a soil to Calcium Chloride
suspension of 1:2.5. The pH of the suspension is measured with a
direct reading pH meter using a glass electrode with a saturated
Potassium Chloride calomel reference electrode.
3. Electric conductivity
A soil to water solution of 1:2.5 is shaken and allowed to settle. The
electric conductivity was then measured with a conductivity meter.
4. Available phosphorus (BRAY & KURITZ)
A 5 g oven-dry sample is transferred to an extraction vessel and 35 ml
Ammonium Fluoride (0.03 N in 0.025 N Hydrochloric Acid) is added. The
suspension is shaken and filtered. 4 ml of H3BO3 is added to 1 ml of
the extract and thoroughly mixed. Then 1 ml of coloured reagent is
added and again thoroughly mixed. The colour reagent is a solution of
Ammonium Molybdate and Antimony-Potassium Tartrate in Sulphuric Acid
to which Ascorbic Acid is added. Molybdenum blue colour is developed
and measured with a colorimeter at 880 nm wavelength and compared to a
standard series.

5. Organic Carbon (WALKLEY & BLACK)
The soil is oxidized with Potassium-di-Chromate and Sulphuric Acid
whithout application to external mat. The amount of
Potassium-di-Chromate was determined by titration with ferrous
sulphate.
According to WALKLEY & BLACK only 11% of the carbon in the organic
matter is oxidized as compared to dry combustion method, for most
soils of the temperate humid zone. Usually the factor 1.3 is therefore
applied to calculate the amount of organic carbon. The organic carbon
percentage was determined on all soil samples.

6. Cation Exchange Capacity
CEC was determined using the ammonium acetate-pH 7.07 method. The soil
is leached with Sodium acetate to remove the exchangeable cations and
to saturate the exchange sites with Sodium ions. The excess Ammonium
acetate is removed by leaching with ethanol. Then the absorbed Sodium
is replaced by leaching with Ammonium acetate. To the leachate
lanthane-caesium fluid was added and the amount of Sodium was
determined by the Atomic Adsorption Spectrum meter.

7. Exchangeable bases
The exchangeable cations Ca, Mg, K and Na are determined in an
Ammonium acetate extract.

8. Base Saturation
The base saturation (BS) is calculated by:
Sum of Cations * 100
BS =
Cation Exchange Capacity

9. Free Calcium Carbonate determination
The fine earth fraction was subject to treatment with 2N HC1, and the
soil was then shaken for 1 hour in a 'Scheibler'-apparatus and the
volume of evolved CO2 was measured.

Appendix 1: Geomorphological map of the study area

Map based on interpretation of aerial photographs and fieldwork by Roeters
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Topography after BENDSEN & GELMROTH (1983)
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