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CHAPTER 1: INTRODUCTION

OBJECTIVES OF THE SDP VII TRAINING PROGRAMME

The aim of the 1998-1999 Summer Desertification Programme (VII) was two-fold:

L to provide training for tertiary-level students in the evaluation of regional land and water
resource potential;
1L to establish a methodology of land evaluation appropriate to Namibian conditions both in

terms of logistical constraints and in the use of the end-products.

At the request of the Ministry of Lands, Resettlement and Rehabilitation, the SDP focused this
year on the potential value of land and water resources in Northeast Otjozondjupa Region, in the
area formerly known as Western Bushmanland.

To this end the training programme concentrated on field survey and data transformation
techniques within the procedural framework of a land evaluation, in order to provide results of
practical value to the process of regional development planning.

LAND EVALUATION FRAMEWORK

To make this section more readable it starts with the definitions of some of the terms most
frequently used when describing the concept of land evaluation.

Table 1. Common Land Evaluation Terms and their definitions

Term

Definition

Land evaluation

Estimation of the potential of the land for one or more alternative
land uses

Land use

The way the land is used

Land unit

An area within which environmental conditions are assumed to be
uniform.

Land system

An area with a recurring pattern of topography, soils and vegetation,
and with a relatively uniform climate.

Land quality

Measure of the conditions of the land necessary for the successful
application of a given land use.

Land use requirement

Conditions of the land necessary for the successful and sustainable
application of a given land use.

Land form Specific surface feature created by weathering and erosion (i.e. sand
dune, river valley, flood plain etc.)

Topography Surface shape

GPS Global Positioning System, Makes use of satellites to determine a
position on the ground.

GIS Geographic Information System. Computer software making it

possible to analyse spatial information from various sources (i.e.
maps, tables)




The 1998 SDP carried out a field study in Western Bushmanland at the request of the Ministry of
Lands, Resettlement and Rehabilitation to identify possible development options, which would be
environmentally sustainable and economically feasible for the residents of the area. This request
was general and therefore open to a number of approaches.

In the planning phase of the programme it was decided that a land evaluation approach would be
tested. A land evaluation was assumed to provide a good framework within which environmental
information could be gathered, recommendations could be made for sustainable resource
development, and all the data could be subjected to an evaluation of suitability for a number of
proposed land uses. Presentation of the results could also be made in the form of a multipurpose
land suitability map of the area, which may be useful for future planning purposes. In view of the
general nature of the request from MLRR combined with the large land area (circa. 81,000km’ )
to be investigated, a reconnaissance level land evaluation was carried out with a final mapping
scale of 1: 250,000.

Land evaluation can be defined as the process of estimating the potential of land for one or more
alternative uses (Young, 1976). There is a great number of different systems of land evaluation,
most of them are of local or national scope (Breimer et al., 1986). In Latin America, Beek and
Bennema (1974) developed a very flexible land evaluation methodology that can be used for any
kind of land use, at any technology level. The technology was adopted by FAO in its “Framework
for land evaluation” (FAQO, 1976). For this study the guidelines described in FAO (1991) have
been adopted, and the steps followed are outlined below and illustrated in figure 1.

The information requirements of a land evaluation depend on the reasons for the evaluation and
the scale of the area to be investigated. The reasons for doing a land evaluation usually include an
investigation into the suitability of specific land uses proposed for the area. Land units, in terms
of their land quality, must be matched against the requirements of the proposed land uses to
determine the level of suitability of each land unit.

LAND EVALUATION PROCEDURE

The procedure of the land systems approach to land evaluation made by the SDP was based on
the following steps:

1. To define the objectives of the land evaluation, identify both the beneficiaries and the factors
that might influence the future development of the study area.

This was done at an early stage of the project as a discussion among all the participants of the
land evaluation.

2. To identify the current and potential land use types (LUTS).

The selection of potential land uses is based on information gathered both from other studies and
from information obtained in the field. Each land use has to be described through a set of
technical specifications.

S1: very suitable,

S2: suitable,

S3: marginally suitable,

n: not suitable.
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For this study, two different land use types were initially identified: dryland cropping and grazing
by large stock.
3. To determine the requirements for each land use type.

The land use requirements are the conditions of the land necessary for a successful and
sustainable application of a given land use. Requirements can include drinking water availability
for extensive grazing or, in the case of horticulture, conditions necessary to avoid soil erosion
under irrigation.

4. To descibe land units through soil, water and vegetation surveys.

To increase the accuracy and save time, the SDP field survey was supported by a large number
of maps, aerial photographs and satellite imagery. During the field survey the students sampled
the soils, vegetation and water to obtain direct and representative measurements of land and water
characteristics. They also conducted a socio-economic survey to obtain information about the
current socio-economic conditions and current land uses in the study area. A land unit map was
produced from this information.

5. To rate the land use limitations relevant for present and the potential land uses.

In this study we did the following rating of each land use:

e The conditions that are suitable for each land use.

e The range of conditions that are below the optimum but still are suitable to some extent.
e The conditions that are unsuitable and unproductive.

6. To match land use requirements with land use limitations in order to identify areas in the
region where:

e Land and/or water qualities will not support the suggested land use types.

e Land and water qualities would be optimally suitable for each type/combination of land use
types.

o Identify the level of technology input needed for the considered land uses to be sustainable.

7. To present recommendations on regional development options.
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CHAPTER 2 - ENVIRONMENT

This is not a review of literature and most information was gathered by survey and
observation.

THE LOCATION

The study area is situated in Northeast Otjozondjupa Region, in the northeastern part of Namibia.
The northern border of the study area follows the southern border of the Kavango Region, which
runs along latitude 19°10'S. The eastern border is along 20°E and the southern border is along
20°S. The western border follows the veterinary fence which isolates the commercial areas of the
western parts of Namibia from the communal lands of the northeastern parts of Namibia.
However, it never stretches further than 19°E to the west.

NAMIBIA

Fig 2.1: The study area in relation to Namibia

The study area falls completely within the borders of the area formerly known as Western
Bushmanland, which is a part of the current Tsumkwe district. In the north the Tsumkwe district
borders onto the Rundu district, the Kavango and Otjozondjupa region. The border between the
Tsumkwe district and the eastern Grootfontein district follows the veterinary fence. In the south
and southeast, Western Bushmanland borders on the Okakarara district.

The major settlement in Western Bushmanland is Mangetti Dune, situated in the centre of the
study area. The nearest administrative centre is the district capital of Tsumkwe, about 75km east
of Mangetti Dune. Grootfontein is the nearest major town, about 150km to the west of Mangetti
Dune.

Western Bushmanland lies on a plain of Kalahari sands. The plain covers large areas of southern
Africa. The elevation is slightly higher than 1 200 meters above sea level in the Western
Bushmanland area. The most significant variations of altitude consist of the omiramba of the
Daneib in the southeastern part of the area, and the Omatako in the central to eastern part. The
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elevation of these incised river-valleys is slightly less than 1 200m. The difference in altitude
between the omiramba and the surrounding plains varies from 10 to 50 meters.
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Fig 2.2: The study area with bordering regions and districts

The dominating landform in the study area is large sand drift areas which occur in the central and
southeastern parts, known as the Kalahari sands. The Omatako and Daineb mentioned above are
also major landforms, being fossil river valleys cutting through the landscape. The Omatako
flows (when it flows) in a northeastward direction towards the Okavango River. The Daineb
flows southeastwards through Hereroland towards Botswana and the Okavango Delta. There is
also an area of complex sand dunes and dune streets in the northwestern part of the study area.

CLIMATE

Table 2.1: Climate data of Western Bushmanland, calculations based on data obtained from
Grootfontein and Tsumkwe weather station.

Jan. [Feb. |March |April [May (June [July [Aug |Sept. |Oct. |Nov |Dec.

Average Rainfall (mm) [126.6 |128.5 [88.4 524 3.1 0.7 (0.0 0.6 |5.9 17.8 [48.3]72.3
Max. temperature 30 29 29 28 26 |23 24 [26.9130.7 (32 32 (32

Minimum temperature 18 17 16 13 81 (49 |44 (74 (119 157 |17 |18

Average temperature 24 23 22 20 17 14 14 17.2121.3 |23.9 (24 |25

Average humidity(%) |55 |61 |62 55 |46 |43 |40 |33 [28° [29 |42 |47

Wind speed( mv/s) 1 1 0.90 [0.90 |1 1.3 1.1 |13 |13 14 |14 |12
Sunshine ( hour/s) 8.1 7.5 8 8.6 10 10 10 10.4110.1 (9.5 |8.7 |[9.5
Potential 149.5 [125.5 |128 108.5 [95.5 |81.5 ([85.5 |116 |144 (172 |164 [167.5

evapotranspiration (mm)
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The rainfall figures of Grootfontein and the rainfall figures of Tsumkwe were used to obtain the
average rainfall of Western Bushmanland. It was assumed that the average between these two
stations gives a representative value for the rainfall in Western Bushmanland since the study area
1s situated inbetween stations (Agro-Ecological Zoning Project climate data, 1998). The other
climate variables are a monthly average obtained from the Agro-Ecological Zoning Project
climate data (1998).

Rainfall in Western Bushmanland differs from year to year. Normally the rainfall starts in
October and continues to April. The climate is semi-arid and is characterised by low annual
precipitation, periodic droughts of varying severity and high rates of evaporation (Hines 1990,
Hitchcock 1992). The evaporation rates are lower from May to July, as indicated in table 2.1. In
October the evaporation rates are very high and range from 172mm decreasing to 108.5mm in
April. Therefore, conditions for rainfed crop production are extremely marginal.

The average monthly rainfall ranges between zero and 128.5 mm. The average humidity is lowest
in September and October just before the rainy season. Most rain falls between November and
April in this area, but it should be stressed that annual rainfall usually occurs as discrete seasonal
events. As rainfall is the factor limiting the rate of plant production in systems like this, the
seasonal, spatial and temporal variability in rainfall is important for management and utilisation
of crops and bush vegetation (Hines 1990, Hitchcock 1992)

The region has a warm climate with high temperatures. The maximum daily temperature is 32 °C
from October to December. The minimum temperature is 18° C in December to January. During
the winter the days are warm and nights are cold. Frost occurs a few nights each year in the
lower-lying areas such as the omiramba. The most hours of sunshine are between May to
September when there is seldom any cloud cover. The incidence of crop-damaging weather
occurs from time to time but is very infrequent (i.e. hail storms experienced during our stay).

GEOLOGY AND GEOMORPHOLOGY

Kalahari Sands

Western Bushmanland lies within the largest aggradational land surface found in Northern
Namibia (Loxton, Hunting et al, 1971). Aggradation (the process of building up a surface by
deposition), that was active during the late cretaceous age (64 Million years ago) resulted in a
large scale deposition of aeolian (wind blown) sands. These depositions occur in the north and
northeast of Namibia and are referred to as the Kalahari Sandveld. Over geological time
increasing differentiation of the wind-blown sands has produced two sand groups that underlie
the soils of Western Bushmanland:

= True Kalahari Sands of tertiary age (about 500 million years ago).
*  Younger red sands and later redistributed sands.

The wind-blown sands were mostly deposited on a calcrete erosion surface, the calcretes
themselves having been previously formed by processes associated with receding water surfaces,
probably under increasingly arid conditions.

Extensive areas of massive longitudinal (seif) dunes occur in the northwest of the area, now
stabilised by vegetation. The dunes were formed under arid conditions by the action of easterly
prevailing winds. This explains why they lie from west to east.
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Omuramba Formation

Subsequently in a wetter period, and possibly under climatic conditions similar to the present,
water from the central Highlands belt drained east and northeast and dissected those dunes to
form the main omuramba systems of Western Bushmanland - the Omatako and the Daneib.
Tectonic evidence (movement of continents from their original position to the present) suggests
that dissection must have occurred along fault-lines running southwest-northeast in the case of the
Omatako, and west-east in the case of the Daneib (Albat, 1991). The Daneib, draining to the east,
has been deeply incised into the underlying calcrete. The result is that its valley floor is narrow
with increasingly frequent outcrops of calcrete down its length. The northeast flowing Omatako
omuramba has also been incised but not as deeply as the Daneib. The result is that its valley floor
1s broader and flatter, and whereas calcrete can be found near to the surface, outcrops are not as
frequent as in the Daneib.

Loxton, Hunting et al (1971) report that wind as well as water influenced the form of the
omuramba valleys and their environs. Thus, dunes commonly fringe both the Omatako and
Daneib. These are more pronounced on southern and eastern banks, indicating the action of
northwesterly winds.

Calcretes and Pans

Western Bushmanland lies on a broad, flat watershed situated between the Omatako drainage
system to the west and the Daneib system to the east. Ward and Swart (1989), commenting on the
geomorphology of the region, report that much of Bushmanland has been a broad stable
watershed since about the Mid Tertiary in geological time. This is borne out by the widespread
occurrence of calcrete, developed largely in gravels, grits and sands, out-cropping in numerous
pan areas found to the south of latitude 19°30' in both Eastern and Western Bushmanland.

The development of a broad stable watershed has promoted the formation of pans where the
Kalahari Sand cover is comparatively thin.

Soils
Soils formed on the aeolian sands and calcrete surfaces of Western Bushmanland are discussed in

Chapter 5.

NATURAL VEGETATION

The vegetation in Western Bushmanland is classified by Giess (1998) as woodland. The
Directorate of Forestry (1997) classified the vegetation of most of the same area and south west
Kavango as 78% woodland with trees higher than 5m and 22% as savannah. The woodlands are
mostly open and trees are sparsely distributed. Deciduous trees, such as the Burkea africana and
Pterocarpus angolensis are the most dominant. The following vegetation types were found:
wooded shrubland, shrubbed woodland, shrubland and wooded grasslands (Chapter 4).

The vegetation distribution is roughly correlated to the following land forms: Omuramba and
dune valleys, Omuramba slopes and crests,and the plains of Western Bushmanland. The valleys
are dominated by Acacia spp. shrubland and some grasslands. Lonchocarpus nelsii and Acacia
spp. occur along the slopes and crest of the Omuramba. Deciduous woodland dominates in most
of the other parts of Western Bushmanland with denser woodlands in the northeast becoming less
dense towards the south west.



The more comfmon tree species in the area are: Pterocarpus angolensis, Burkea africana,
Combretum collinum, Lonchocarpus nelsii and Acacia erioloba. Other species of trees and shrubs
such as Grewia spp. Acacia mellifera, Acacia fleckii, Acacia erioloba, Terminalia sericea, Boscia
albitrunca, Commiphora africana, Baphia massaiensis , Ozoroa gratissimus and Rhus tenuiervis
are found. In the open tree savanna a good coverage of climax grasses such as Brachiaria
nigropedata, Anthephora pubescens and Schmidtia pappuphoroides are found (Miiller, 1984).
Other grass species found are Panicum maximum, Stipagrostis uniplumis, Anthephora pubescens
and Eragrostis spp.

ETHNOBOTANY

The major tree and shrub species that are identified by local San people as important for food,
medicine and construction purposes are: Terminalia sericea (Silver cluster leaf), Ochna pulcha
(peeling plane), Acacia fleckii (Plate thorn), Schinziophyton rautanii (Mangetti tree), Grewia
flavescens (Sand paper raisin), Grewia villosa (Mallow raisin), Grewia flava (Velvet raisin),
Boscia albitrunca (Shepherds tree), Bauhinia petersiana (Coffee neats foot), Baphia massaiensis
(Sand camwood), Burkea africana (Wild seringa), Croton gratissimus (Lavender fever berry),
Rhus tenuinervis (Kalahari currant), Commiphora glandulosa (Tall common corkwood),
Dichrostachys cinerea (Sickle bush), Ozoroa paniculosa (Common resin tree) and Strychnos
pungens (Spire-leaved monkey orange) (see Chapter 4 for more details).

WATER RESOURCES IN WESTERN BUSHMANLAND

Hydrogeology

The majority of people living in Bushmanland depend on ground water for survival. Large areas
are underlain by semi to unconsolidated strata of Kalahari group of aquifers. This means that
underground water is mainly stored in the spaces between fine sand granules. However there may
be some localised areas where artesian aquifers can be found. According to State of Environment
Report on Water in Namibia (Seely et.al, 1998), ‘boreholes drilled into the Kalahari aquifer are
generally low yielding and produce water of variable salinity’. Based on measurements of the rest
water level, the water table becomes deeper from northeast to southwest of the study area. In
Western Bushmanland most of the boreholes are located in the low-lying areas of the omiramba
where the distance to the rest water level is assumed to be lower.

Water storage

There are no storage dams found and there is no permanent standing water available in this area.
Water from the boreholes is stored in reservoirs provided by the Department of Rural Water
Supply and Namwater. Water is pumped into and kept in tanks of different sizes ranging from 3
to 100m’. These tanks are either made of plastic or corrugated iron. Each borehole is normally
provided with two small tanks on a tower and a big tank on a stand. In general, smaller storage
tanks are used to store water for domestic purposes and larger ones for livestock and at some
places, also for gardening (H. Park, pers.comm.).

Water quality
On the basis of TDS (total dissolved solids [mg/l]) data and reference to water quality maps
(Interconsult ground water survey, 1993), Western Bushmanland’s water is of good quality.



Pans
Larger pans occur more in the southeastern and northwestern parts of Western Bushmanland. All
pans are seasonal and therefore do not have water throughout the year.

Regional surface drainage

Sandy sediments in the study area are between the range of 200m-500m thick. The areas with the
thickest sand are located towards the centre of the study area; the central area also has the highest
altitudes. Rainwater therefore runs off the high ground in all directions and this water 1s collected
in the drainage channels that feed the Omatako-omuramba and Nhoma rivers flowing towards the
northeast, and the Daneib river flowing in a southeasterly direction, all of which are ephemeral
rivers that are characterized by rare periodic flow.

COMMUNICATIONS

Apart from tourist and government vehicles, a negligible percentage of people living in western
Bushmanland drive cars. Most people travel on foot. Almost all the roads that exist in the study
area were made by the former South West African Defence Force (SWADF) to access army
bases. The main gravel road that stretches east-west across the length of Western Bushmanland
serves regional centres like Tsumkwe and Gam in Eastern Bushmanland. The Works/Roads
Department services the main roads and it is safe and reasonably comfortable to drive on them.
On the other hand they become inaccessible not very far from the main roads. There is a re-
growth of vegetation along most of these tracks and this makes it hard for any car to travel on
them. Tracks are often sandy and a powerful vehicle is needed. The most frequent natural disaster
is veld fires, but they have not had much effect on the roads in the area. There are cut-lines within
the study area that were made by borehole drillers to access drilling and exploration sites.

One landing strip exists in the study area which is a short gravel runway for small aircraft (4-6
seater) located south of Mangetti dune. Bushmanland is an area where radio, telephone and
television are unheard of. There is no transmission tower or telephone line in the area. The
absence of such crucial means of communication has partially contributed to the lack of
information reaching the communities within this part of the country.

PRESENT LAND USE

The San communities in the area are dependent on the natural resources. The communities
referred to the n!ore system of Eastern Bushmanland which is also their traditional system of land
and resource management (Toma and Piek, 1997). Among the J/’hoansi a n!lore is a named place
containing various natural resources. Some n!oresi are residential while others are used for
hunting and gathering. Each residential n!ore has one or more ‘eating place’ (m/hosi) which may
not be shared with contiguous n'oresi. Each residential nlore also has an associated ‘hunting
place’ ('age/ho) or direction of usual hunting. These hunting areas are sometimes shared with
nearby residential n!oresi. Where ‘eating places’ are shared, each n!ore inhabitant has a special,
but ultimately non-exclusive relationship to the portion of the m/ho closest to their tju/ho (village)
(Thoma & Piek, 1997). At present the communities are changing their land use to cultivating
crops because of the increasing local population and pastoralists coming in from the outside. As a
result of these factors, the pressure on resources is becoming higher and can lead to their
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depletion. Currently the communities are in the process of establishing traditional authorities to
protect the natural resources in Western Bushmanland.

The communities are changing to crop production similar to some other communities in Namibia.
They are making fields for planting mahangu (millet), maize, groundnuts and sorghum. The
Ministry of Agriculture, Water and Rural Development supplies seeds and assistance. As far as
land management 1s concerned the area is not fenced and because it is communal land, it is open
for everyone to settle. When it comes to livestock control and management the community
usually combines their livestock herds which are never very big. Children or hired hands herd the
livestock. During the rainy season when the fields are planted, the livestock are herded away from
the fields. During the dry season the livestock are left alone to graze.

MINISTRIES AND DEPARTMENTS REPRESENTED IN THE AREA
For more information on these government activities see Chapter 7 (Socio-economics).

e Kanovlei Forest Station

e Ministry of Lands, Resettlement and Rehabilitation (MLRR)

e Ministry of Agriculture, Water and Rural Development (MAWRD)
e Agricultural Development Centre at M’kata

e Namibian Police (NAMPOL)

e  Ministry of Health and Social Services (MHSS)

e Ministry of Basic Education and Culture (MBEC)

PRESENT ECONOMIC ACTIVITIES IN THE AREA

For more information on these activities see Chapter 7 (Socio-economics).
¢ Omatako Valley Rest Camp

e Sawmill / Resort

e Luhebo Baskets and Furniture Market
e Shops in Mangetti Dune and Omatako

11



DESCRIPTION OF TWO TYPICAL VILLAGES

Meduletu Village

Meduletu is a word derived from Oshiwambo meaning “in our land”. All the San people living
here are from Okongo in Ohangwena region. They came to Mangetti Dune in 1992, under the
supervision of a Pastor named Thuhua Junias who served with the ELCIN mission church. In 1994
they moved to Kukurushe, and from there to Meduletu in 1996. The population of the community
1s approximately 55. This community appears to be more self-reliant in terms of cultivating
(omahangu) when compared to other villages in the area. The village produces most of the
omahangu for their own consumption and sells the surplus. They also help the nearby villages
with supplies of omahangu i.e. Kukurushe, Kankudi, Mparara and Luhebo. The San people living
at Meduletu learned how to cultivate from Owambo people in Okongo.

The community is farming well with omahangu which is their staple food. Their production
ranked second after Kankudi, according to the records of omahangu yield for 1998. A possible
reason Kankudi ranked 1* might be that some community members from Kankudi attended a
course on crop production at M’kata Agriculture Development Center. In 1993, ELCIN donated
four head of cattle to the community. Later the Pastor in Meduletu bought two more head of
cattle, which are shared among the community members. Water seems to be a problem in this
village, because hyenas often damage the pipe that transports water to the village. The nearest
school, shop and hospital are at Mangetti dune, approximately 7km away. The people are happy
to stay here because their children have access to school, which is free of charge to everyone.

Nhoma Village

Most of the people living in Nhoma have remained hunters and gatherers, except one member of
the community who is interested in farming with cattle. The community stated that they prefer to
be hunters and gatherers. The MLRR and ADC have confirmed that the people do not seem to be
interested in agriculture because of their resistance to clearing bush for cultivation, as requested
by MLRR, ADC and MAWRD. As bush food is scarce, they are more dependent on wildlife as
their main source of food. The people think the number of wild animals in the area is still enough
to support them. The following animals are currently seen: kudu, giraffe, elephant, springbok,
duiker, oryx and eland. One of the factors why the residents at Nhoma are not interested in
farming with crops is that the elephants in the area frequently destroy their crops.
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CHAPTER 3 - METHODS AND MATERIALS

VEGETATION

Three sites on each soil type were selected in order to examine whether the soil and vegetation
types are assoclated. Altogether we had 16 sites for sampling both plus two extra sites where only
vegetation sampling took place. The vegetation type was classified according to the guide from
Sweet & Burke (1998), supported by aerial photographs, satellite imagery and three vegetation
maps (see Chapter 7) for the classification of the land units.

The vegetation cover was estimated for each site. The percentage cover of trees, grasses and
shrubs were classified into percentage ranges e.g. 0-10%, 10- 25%, 25-50% at all the 16 study
sites.

At each site a random 20x20m plot was laid out and all trees and shrubs in the plot were
identified and counted. Simpson’s index was used to express species diversity at each study site:
D=1/2P? (P = proportion of individuals per species per total individuals of the site) (Begon ef al,
1986). All trees and shrubs commonly used for food, construction or medicine were arranged in
species per site.

A ruler was used to measure the diameter breast height (DBH) of trees which were larger than
S5cm diameter in the 20x20m plot. All trees, indifferent to species, were arranged and classified
into Scm diameter size classes and graphed. All sites were lumped together to get an indication of
overall tree size distribution in Western Bushmanland. For calculating wood production (m’/ha)
all trees with diameter greater than Scm were used. The volume of wood per hectare was obtained
by using the formula V= nr*h ( h = height was assumed to be 1.2m because 1.2m was used by the
Department of Forestry (1997) for wood log length).

For the grass biomass a 1x1m quadrant was used which was randomly thrown 5 times in each
study plot. The standing perennial grass was cut off Scm above ground to simulate livestock
grazing. The grass was weighed in the field with a pesola. The average grass biomass from the
five plots per study sites were converted from g/m” into kg/ha. The variance of values around the
average were calculated by using the standard deviation. Formula used for carrying capacity =
2700 / Total Dry Mass x 80%.
e 2700 kg/ha = 2.5% - 3% of the bodyweight of one head of cattle is taken to calculate the dry
feed per head per annum (2300 — 2700 kg/ha) (deLeeuw & Tothill, 1993)
De Leeuw et al (1993) used 80% of the end of season feed supply and reduced that a further 40%
to account for the decreasing biomass during the dry season. Sampling at the sites in
Bushmanland was done at the end of the dry season before the growing season started and is
therefore already at its minimum biomass. The 40% was therefore not subtracted.
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SOILS AND LANDFORMS

Phases of the Soils and Landform Investigation

Information Review

Previous studies of the region were collected and reviewed. Where this information was useful as
background data and relevant to land evaluation it was mapped at a scale of 1:250,000 using 1918
Grootfontein of the national topographic map series as a base.

Fieldwork

The fieldwork was designed to verify the accuracy of previous studies of landforms, soil types,
associations and complexes carried out from previous work in the area.

The fieldwork was carried out at reconnaisance level in terms of observation density, and a
transect approach was adopted. The transects ran as perpendicularly as possible to boundaries
between previously mapped units.

Two levels of observation were made in the field, following the guidelines for soil survey and
land evaluation set out in UNESCO (1986) and FAO (1991).

e Observation of landforms and land cover were made by driving through the region and cross-
checking as many landforms and soil association boundaries as possible and from the
information on the prepared maps, aerial photographs and satellite image. This level of
observation took place during a pre-fieldwork reconnaissance trip to the area and throughout
the fieldwork period.

o Sites for field data collection were chosen in areas representative of the landforms and soils
observed during reconnaissance drives and spread over the region as far as accessibility
would allow. At these sites, soil pits were dug down to weathered rock in shallow soils, and
down to the bottom of the lowest observable horizon where sands underlaid deep soils. This
depth was usually in the range of 60-90cm. Auger holes were also made to cross-check soil
depths.

At each sampling site three types of observation were carried out and recorded on prepared data
sheets:

1. Surface observations to delineate erosion features, evidence of surface drainage, surface
sealing, cracking, occurrence of boulders and rock outcrops, surface stones, parent material,
topography in terms of elevation, slope % and shape, land system and land facet.

2. Field measurements of cumulative infiltration rate, presence of carbonates and effective depth
at each pit site.

3. Soil profile pits were dug at least twice in each soil type and land facet identified. Profile
descriptions were carried out to determine horizon and topsoil/subsoil boundaries, texture,
structure, colour, handling properties, presence of organic matter, evidence of burning and
rooting depths.
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Undisturbed samples were taken for laboratory determination of bulk density and organic carbon
% at the surface and 10cm, 20cm and 30cm depths. Three samples were taken at each depth per

pit.

One bulk (disturbed) sample was taken from each pit at 0-30cm and 30-60cm depths for
laboratory determination of free ions, particle size, pH and nitrogen %.

All so1l pits were photographed and located by a global positioning system (GPS). Soils were
described in situ complying with the FAO Guidelines for Soil Description (1977) and by the use
of Munsell colour charts.

Laboratory Analysis

Samples were collected for determination of the following soil characteristics by analysis at the
Gobabeb laboratory:

* Bulk density and moisture content by mass fraction (for compaction and porosity)
= pH of saturation extract and 1:5 soil-water suspension

* QOrganic carbon percentage

= (Cation exchange capacity (mo/100g)

= Soil fertility status: total nitrogen, total phosphorous, available potassium

= Exchangeable sodium percentage (ESP)

= (Calcium carbonate percentage

= Electrical conductivity (ECe) of saturation extract

» Particle size analysis

This turned out to be an ambitious plan. Bulk density and moisture contents were the only
measurements successfully completed. Time constraints and lack of experience were the main
reasons for not completing the remaining work.

Bulk density and moisture contents were measured gravimetrically. Field infiltration data were
adjusted for errors in instantaneous and cumulative water intake measurements, and basic
infiltration rates were calculated. Free carbonates were measured in the field by efforvescence in
10% solution of HCI.

Data Processing

In total, the following soil and landform characteristics were measured by field measurement and
laboratory analysis:

= Texture (field assessment)
= Colour (moist)

=  Structure

* Bulk density

= Free carbonates

» Infiltration rate

* Evidence of burning

= Drainage class
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= Depth class
= Erodibility class
= (lassification (Binomial system, RSA)
= Topographic context

All results were documented and grouped according to pit location, soil classification and land
unit. Summary soil and landform characteristics were compiled for the land evaluation.

Test pit analyses of soils previously sampled in Western Bushmanland were found in the soil
survey technical appendices of Loxten ef al (1971). This information, particularly the chemical
data and parameters derived from them (e.g. cation exchange capacities) were used (with caution)
alongside the SDP survey data to substitute for the gaps in information during the land evaluation.

POROSITY

Pore sizes

There are different systems of pore-size designation, based either on size or on function of the
pores. Jongerius (1957) used classes to describe the observations of pore sizes.

a. Coarse (macro) pores — Their diameters are greater than 0.1mm, aeration and drainage by
gravity flow are their main function. They are visible to the naked eye and are the pores in
which roots proliferate.

b. Medium (meso) pores - Their diameters range from 0.03mm to 0.1mm, conduction of water
by capillary flow is their main function. They are visible at 10 times magnification.

c. Fine (micro) pores - Their diameters are less than 0.03mm, retention and slow capillary flows
are their main function. Micropores are not visible, but they can be inferred from
observations made from the face of aggregates. The rougher the aggregate surface is, the
more micropores there are.

For the soil to allow good root penetration, it should contain an adequate number of pores of
>2.5mm diameter; to allow free drainage, at least 10% by volume of the soil in the rooting depth
should be composed of interconnected pores > 0.5mm; and for storage of available water, at least
10% by volume of water should consist of pores with diameter ranging from 0.005 to 0.05mm.

How to work out the total porosity

A sample of soil was taken in an undisturbed condition with the cylindrical cutter about 5.5¢cm
diameter and 4cm long. The cylindrical cutter was driven into the soil, dug out and cleaned into a
plastic bag. The soil was put in a weight container and then placed in an oven at 105° C until the
sample was dry (more than 24 hours). The container and the soil was weighed again, the loss of
weight was the weight of water in the original sample and the weight of dry soil was obtained
from (wt of container + soil) — (wt of container).
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The total porosi'ty (total pore space) of a soil 1s calculated from the bulk density and the particle
density. The bulk density is obtained from the weight of dry soil over the volume of the
cylindrical cutter. The particle density of most soils is normally assumed to be 2.65g/cm’
(J.R.Landon ,1984). The total porosity is normally expressed as a volume percentage and is equal
the volume % water content as saturation:

Total porosity (volume %) = 1 — (Dry bulk density / Particle density) * 100

INFILTRATION RATES
From infiltration measurements, several calculations can be made:
The instantaneous intake rate (IR) - this is the volume of water infiltrating through a horizontal

unit area of soil surface at any given instant. It shows, in general, a rapid decline at the beginning
followed by a more stable, very slow decline, later.

The average infiltration rate (IR av) — this is the cumulative infiltration (F) divided by the time
since infiltration started.

The cumulative infiltration (F) — this is the characteristic which is measured in the field. The
measurements are plotted on log-log paper (F against time). Usually a straight line is obtained and
therefore the accumulated intake can be represented by the equation F = at n where ¢ is in
minutes; »n varies from 0.5 to 1.0 and a, related to the order of magnitude of the water intake, is
given by a = F after 1 min. The »n value for sandy soils (high F value) is usually 0.8 or more; n
values < 0.5 indicate the occurrence of soil cracks. In moist soils a values are lower (and » values
higher) than the corresponding values in dry soils. It is preferable to express the time in hours (T)
because, in this way, it may be easier to visualize the order of magnitude of infiltration. The
equation of F expressed in hours can be obtained by computation as follows:
F=024¢0.70 =42T0.70

The basic infiltration rate — this is the relatively constant infiltration rate which develops after
some time during infiltration tests. The time taken to reach this rate is dependent upon soil type.
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Measuring infiltration in the field

Infiltration was measured at each sample site. Water had to be brought in large containers from
the campsite borehole and the number of measurements was limited to the available water and
time. A tin cylinder infiltrometer was used with centimeter intervals marked inside. The cylinder
was pushed 12cm into the undisturbed soil surface and the soil around it (but not inside it) was
wetted thoroughly. This was to ensure that water would move downwards through the soil and
not horizontally after draining down to the bottom of the infiltrometer. Water was poured slowly
into the cylinder and at a pre-marked point allowed to drain. A stop-watch was used to measure
the time taken for water to drain between 2cm intervals. Water was added to the top mark and the
drainage time was taken between the same depth intervals. This was repeated until a constant
time was reached between the intervals. All times were recorded on the infiltration form. Sixteen
infiltration measurements were made in the field on four soils.

Bulk Density

The method used to sample soil density was the same as the one explained above for soil
porosity. At each site three replicates at Ocm, 10cm, 20cm, and 30cm depth were taken. The
oven- dry masses of the replicates were summed and divide by the total volume of the cylindrical
cutter to obtain the mean bulk density.

Weight of soil
Bulk density of soily = Volume of soil

WATER

Interconsult provided a database for the water team, which was originally obtained from the
Department of Water Affairs. This database was updated and had information on boreholes of
which only 46 occurred in the study area. With the aid of a GPS (GARMIN 12 X1) all the
boreholes in that are that were accessible, were located. The local people were of great assistance
in directing the team to find a number of boreholes. In most instances it was much easier to find a
village, where it was certain there would be a water point nearby. It was not always easy to find
boreholes as most roads leading to boreholes further away from the main road were inaccessible
by car (4x4). However, an effort was made to find all the boreholes.

When a borehole was found the following were obtained:

the state of the boreholes, whether in use or not

rest water level, (the level at which water was at the time)

water quality, by measuring the total dissolved solids in water with a TDS meter
usage of water from the borehole

other geophysical and topographical information

Because the dipper (rest water level measuring instrument) that was used was only 100m in
length, it was not possible to obtain the rest water level (RWL) of those boreholes which had a
RWL deeper than 100m.

The information gathered from the field was combined with that from other sources and together
these formed the bulk of data for the water group. Various methods were used to analyze the raw
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data obtained. /.\mong the methods used were the Correlation and Regression statistical tests to
test for variances between means of different variables. Linear regression analysis between:

e TDS (Mg/l) and rest water level (m)

e Drilled depth (m) and Yield (m’/h)

e Rest water level (m) and Maximum yield (m’/h)

e TDS (mg/) against borehole yields (m’/h)

After the field data was analyzed, the results obtained were compared with the existing
information on water in the study area.

SOCIO-ECONOMICS

Most of the information was obtained from the headmen/women of the villages or from the
people who had been in the village for a long period. An introduction of the project was always
given prior to interaction, in the language spoken in the village. The interviews were conducted in
the form of meetings with the permission from the headmen/women, and every member of the
community was welcome to attend. Most of the individual older people were questioned about
their personal details as well as about general information.

A GPS (Global Positioning System) was used to determine the position of the village. The
cultivated fields were also measured by using a GPS as well as the distances from one villages to
another. Some of the community members were asked to help with pacing off cultivated fields.
Four wheel drive vehicles were used to reach the villages. The interviews were conducted in
English via the translator who could speak most of the San languages which are spoken in the
area. In some cases, Oshiwambo and Afrikaans were used in direct communication. Pictures of
the villages were taken for comparison.

Procedures at village

The time to conduct the interview that best suited the community was considered before arriving
at the village. After arrival at a village we talked to the headman/woman or a Senior person and
asked for permission to conduct the interview. Then the community gathered in a central location.
The introduction of the project was made prior to the interviews and discussion. The translator
clearly spelled out the objectives of the research.

Open-ended questionnaire

After the introduction, group discussion followed, led by the open-ended questionnaires. The
questionnaire requested information on personal details, resources, infrastructure and
resettlements. Group discussion played a major role among the community, during which ideas or
thoughts were collected randomly from the participants. Some people were interviewed
individually depending on the number of people present. The minimum time spent at each
interview or village was one hour thirty minute, while the maximum time spent was + 4hours. At
some places interviews were conducted from house to house, where houses were far from each
other.
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Translation

Interviews were conducted with the assistance of a local translator, Piet Nakwa, who speaks most
of the San languages in the area. In some cases, English, Afrikaans and Oshiwambo were used as
well.

Global Positioning System (GPS)

A GPS was used to determine and mark the position of each village where the interviews were
conducted. A GPS was also used to measure the size of plots/cultivated field at some villages.

Procedures with Authorities

Prior to the interviews appointments were made verbally with the following Government
Ministries/departments represented in the areas: Ministry of Lands, Resettlement and,
Rehabilitation (MLRR) at Mangetti dune; Ministry of Agriculture, Water and Rural Development
(MAWRD); Ministry of Health and Social Services (MHSS); Namibian Police Force
(NAMPOL); Agriculture Development Center (ADC) at M’kata and the Kanovlei Forestry
Station. The same procedure was followed for the Chief of Western Bushmanland. Senior officers
of the different Ministries and Departments were approached to provide information about their
activities in the area.

Key questions used to obtain the information

Personal details

What is your name?

How old are you?

Are you married?

How many children do you have (boys and girls) and their locations?

Where are you from? How did you come here? Why did you come? When did you come?
Are you happy to stay here?

What is your occupation?

Resources

Where do you get your food?

What types of crops do you grow?

What time of the year do you find natural food?

Where else do you get your food?

Which type of food do you regard as of the most important? The people were asked to rank their
food sources.

Infrastructure

What are your water sources?

Is there a school in the village? How many teachers and learners?
Do you have a clinic in the village?

Where do you generate/get your power from?

What is the means of communication in the area?

Housing and Resettlement
What type of houses do you prefer to live in?
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Do you prefer to have traditional rather than modern houses?

Do you have incoming people coming to settle in your area?

Problems during the interviews

Although it was planned to interview all men and women, very few women were interviewed,
due to their shyness and the anger caused by the empty promises made by previous people
working in the area.

The survey was planned to be conducted from house to house but in most cases, the people did
not appreciate this approach. In some cases the people expressed their problems instead of
responding to the questions asked, i.e. hunger, neglect by government, unemployment and other
problems.

MAPPING

All the modified and newly drawn maps were made by hand on tracing paper. In the field this is a
simple way of getting a good overview. Also the initial mapping was made in the field, where no
computer equipment was available.

The maps compiled during this course are based mainly on existing maps. The method of
compiling a map is basically to use tracing paper on top of a map and copy it. The traced copy
can be used on top of another map with the same scale and area to see differences or similarities.
Corrections can then easily be made to the traced copy. In our case, corrections were often based
on information from our own survey.

When two different maps are combined in order to derive new units containing information from
both maps, the same method is used. The information in the two maps simply merge or split the
map into more/fewer units.

The use of a satellite image was also an important part of the mapping procedure. The sources of
the new maps and the methods used for mapping will be presented in this chapter.

Digitizing method

All the maps used were digitized. Also some new maps were traced directly on the computer,
such as region borders, water point locations and settlements. The three main reasons we digitized
our map were:

e Digital maps can be changed, merged and compiled an infinite number of times without any
loss of information.

e All map objects can be linked to databases, storing a lot of information.

e The maps can easily be printed.

The digitizing itself was made on a standard digitizing table. The map to be digitized was placed
on the table, and fixed to it. Then the features of the map were transferred into digital coordinates,
by placing a digitizing mouse over the selected object and pressing a button for each coordinate to
record. The method is similar to drawing using the ordinary computer mouse. The big difference
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1s that the digitizing table recognizes the exact position of the mouse, and therefore maps can be
digitized with an error of less than half a millimeter. On a map scaled 1:250 000, the same as all
our sources, half a millimeter on the digitizing board equals 125 meters in reality. Compared to
the detail level of most of our maps, that error was acceptable.

Map sources

Table 3.1. The following maps were available for use by the mapping group. They were used as

working copies and are not provided in the appendix.

Map Sources

Map Ref | Map Name!/ title Map Information Information source | Laid out by Date and Place
1 | Topography (base | Compiled from 1:250 000 LAND TYPES, S.J October, 1998
map) Topographic sheet 1918 Namibia Map sheet Simmonds
GROOTFONTEIN, Windhoek 2 (FAO, 1984)
1980, 2nd edition
2 | Surface Drainage Compiled from 1:250 000 S.J October, 1998
Topographic sheet 1918 Simmonds
GROOTFONTEIN, Windhoek
1980, 2nd edition
3 | Land Types ompiled from 1:250 000 S.J October, 1998
ToCpographic sheet 1918 Simmonds
GROOTFONTEIN, Windhoek
1980, 2nd edition
4 | Soil Association Compiled from 1:250 000 R.F Loxton, Hunting S.J October, 1998
Topographic sheet 1918 & Ass Simmonds
GROOTFONTEIN, Windhoek
1980, 2nd edition
5 | Settlement & Compiled from 1:250 000 S.J October, 1998
Infrastructure Topographic sheet 1918 Simmonds
GROOTFONTEIN, Windhoek
1980, 2nd edition
6 | Agro-ecological Compiled from 1:250 000 FOA/TCP/NAM/6611 | S.J October, 1998
Zones with Topographic sheet 1918 (1997) Simmonds
Growing Periods GROOTFONTEIN, Windhoek
1980, 2nd edition
7 | Waterpoint Compiled from 1:250 000 Department of Water | S.J October, 1598
Locations Topographic sheet 1918 Affairs (MAWRD) Simmonds
GROOTFONTEIN, Windhoek Borehole database
1980, 2™ edition
8 | Geology- Map no 2472/7 ; scale 1:250 MLRR Francois June, 1983
Bushmanland 000 Marais Ass
9 | Veld types- Map no 2472/10 ; scale 1:250 Rui Correia Francois June, 1983
Bushmanland 000 Marais Ass
10 | Physiography ( Map no 2472/9 ; scale 1:250 R.F Loxton, Hunting Francois June, 1983
sand dunes, 000 & Ass Marais Ass
Pans, kalkvelds &
other velds)
11 | Bush Map Compiled from 1:250 000 FOA/TCP/NAM/6611 | S.J October, 1998
(1997) Simmonds
Map No.2472/N
12 | Vegetation Digital copy of vegetation in Directorate of NRSC ?

Western Bushmanland

Forestry (MET)

24




¢

Satellite Image

The
Cen

Lim
1.

satellite image 1s a SPOT XS Scene that was obtained from the National Remote Sensing
tre (NRSC) as a paper copy.

itations

The satellite image, a SPOT XS Scene, was received in May 1993 and that in itself is a
limiting factor, because some areas shown on the image have changed since the image was
taken. Some of the burned areas on the satellite image have recovered, and would look
different on a new satellite image. With the frequent veld fires in the area, some of the
densely vegetated areas on the image might have been burned since the image was taken.
After a very low rainy season — the deciduous vegetation might have lost its leaves.

2. The upper top right corner of the image is not very clear because of thick smoke from a veld
fire in the same area.

3. The resolution of the image is not optimal. Every pixel on the satellite image presents an area
of 50m X 50m in reality. The original pixel size in a SPOT XS scene is 20m x 20m in reality.
Our scene was resampled by NRSC due to lack of disc space. As a comparison it can be said
that a map with the resolution 20m x 20m per pixel contains 6.25 times the information as the
same image with the resolution 50m x 50m per pixel.

Table 3.2. Available information on the satellite image

Date Scale Area

May, 1992 1: 250000 1900S-2000S

1900 E-2000 E

Maps compiled

Table 3.3. List of maps compiled by the mapping group, and the map sources (Table 3.1) used for
each map. These maps were working copies and are not provided in the appendix.
Map ref Map name/theme Source map
A Geology landforms associaticns, erosion, 8,3
vegetation layer dominance
B Geology Land types and soil 8,3,4
C Vegetation 12
D Vegetation Satellite Image
E Vegetation (Veld types) 9
F Pans, Dunes and Drypans 10
G Land Systems 2,4,10
H Vegetation 14, 9 & satellite
Image
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CHAPTER 4 - VEGETATION

Likoro Masheshe

INTRODUCTION

This survey attempted to compile the vegetation data for the land evaluation in the formerly known
Western Bushmanland. The objective of the vegetation survey was to focus on the potential land
qualities, sustainability and appropriate land use to add information to the land evaluation process. The
potential land uses identified, were: veldfood, charcoal production and large livestock grazing. For the

land evaluation process only large livestock grazing was considered.
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Table 4.1: Al study sites in West Bushmanland and their associated vegetation type, species richness and
species diversfty (Simpson’s Index) in a 20m x 20m plots.

Site Vegetation Type Soil No. Species
Species | Diversity

Site 1 Terminalia/Acacia Shrubland Gaudam

Site 2 An association of P.angolensis, C. collinum and B. Sandspruit 7 5.9
massaiensis - Shrubbed woodland

Site 3 Shrubbed woodland with dominant species Lonchocarpus nelsii Gaudam 8 5.7

Site 3A Shrubbed woodland with Lonchocarpus angolensis 10 4.2

Site 4 Shrubbed woodland with dominant species Acacia erioloba and Okavango 11 7.5
other acacias

Site 5 Wooded grassland Okavango 18 32

Site SA  |Shrubbed woodland with Acacias 8 4.9

Site 8 Dwarf shrubland with stunted Burkea africana Fernwood 8 3.8

Site 9 Shrubbed woodland with Terminalia, Combretum and Sandspruit 12 59
Pterocarpus

Site 10 Shrubland with Acacia and Dichrostachys Okavango 11 8.7

Site 12 Shrubland with Acacia Okavango 3 1.3

Site 13 Wooded shrubland with Terminalia, Combretum and Burkea Fermwood 4 3.6

Site 14 Shrubbed woodland with Pterocarpus, Burkea, Terminalia and Fernwood 13 8.6
Combretum

Site 15 Shrubbed grassland with Acacia, Boscia, Terminalia Okavango 8 3.2

Site 16 Wooded shrubland with Burkea, Combretum and Terminalia Sandspruit 11 1.2

Site 6,7 and 11 were located in southern Kavango and not included in the vegetation chapter. At site 3A
and 5A only the vegetation in the 20m x 20m plot was sampled and no percentage cover, grass biomass
or soil survey was done. Site 1 was next to a cattle post borehole and the disturbance was thought too

high for vegetation sampling.

Table 4.2: All study sites in Western Bushmanland and their vegetation cover in percentage.

Trees (%) |Shrubs (%) |Grasses (%)
Site2  |0-10 10 -25 10 -25
Site3 |0-10 10 -25 0-10
Site4  |10-25 10 -25 10 -25
Site5 |0-10 0-10 25-50
Site8 |0 10 -25 0-10
Site9 |10-25 10 -25 0-10
Site 10 [0-10 0-10 0-10
Site 12 |0-10 10 -25 0-10
Site 13 |0 -10 0-10 10 -25
Site 14 |10 -25 25 -50 0-10
Sitel5 |0 10 -25 25-50
Site 16 |25 -50 10 -25 10 -25
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INFLUENCE OF SOIL TYPE ON VEGETATION DISTRIBUTION

]
The vegetation of Western Bushmanland can be roughly divided into three parts: the drainage systems
(omiramba), the dune system and the woodland plains. The woodlands, which have lower grass cover,
seem to be associated with the poorer water-holding capacity and lower nutrient content in the soils.
Higher grass cover occurs on the more nutrient rich soils of the omuramba floor and in dune streets
(Loxton, Hunting and Associates, 1971). The denser woodlands occur in the north east of our study area
while the south is more shrubby with a higher grass cover (NRSC map, 1994).

The vegetation is related to the soil types and the land forms (Chapter 5). The percentage cover of trees,
shrubs and grasses (Table 4.2) and the species composition (Table 4.1) are probably the best indications
of relationships between soils and vegetation. The species richness or species diversity index does not
seem to correlate with the soil types (Table 4.1).

Gaudam Soil

The vegetation on the omuramba slope and crest (Site 1, 3, 12 & 3A) on Gaudam soil consists of
shrubland and shrubbed woodland (Table 4.1). The dominant trees are a mixture of Combretum collinum,
Lonchocarpus nelsii, Schinziophyton rautanenii and Acacia erioloba. Common shrubs are Acacia
mellifera, Terminalia sericea, Baphia massaiensis and Commiphora spp. The percentage ground cover of
shrubs 1s higher than that of the trees and grasses (Table 2). A calcrete outcrop was recorded at site 12.
At this site shrubs like Acacia spp. dominated and very few grasses were found.

Okavango Soil

The vegetation types on the omuramba floor (Site 4, 5 & 15) and dune streets (Site 10) vary from
shrubbed woodland, wooded shrubland, shrubland to grassland savanna (Table 4.1). The percentage grass
cover is high at Site 15 and 5 (Table 4.2) although the grassland areas are never very big. Site 4 has a
higher tree cover especially Acacia erioloba. Acacia spp. dominate with some Lonchocarpus nelsii and
areas of a variety of shrubs like acacias, Dichrostachys cinerea, Terminalia sericea, combretums,
Commiphora africana and Bauhinia petersiana.

Sandspruit & Fernwood Soil

These two soils cover most parts of Western Bushmanland and the vegetation changes from shrubbed
woodland, wooded shrubland to shrubbed grassland (Table 4.1). The plant species and vegetation types
are very similar on these two soils. Woodland species such as Burkea africana, Pterocarpus angolensis,
Ochna pulchra, Combretum hereoense and Terminalia sericea dominate. The tree cover varies between
10% and 25% (Table 4.2). Site 8 on the dune slope did not have any large trees because all Burkea
africana were stunted although the grass cover was good at this site. Leaching of minerals down the
slope probably stunted the growth of the Burkea.

ETHNOBOTANY

The people in Western Bushmanland use a range of trees and shrubs for food, construction and medicine.
They still depend substantially on veld food for their diet. The following list includes all the species
which were found at the study sites (Table 4.3) and their uses (Saar, 1995 & Leger, 1997. The most
important food plants to the people ranked by importance are: Schinziophyton rautanenii (mangetti tree),
Strychnos pungens (monkey orange), Ochna pulchra, Grewia retinervis (kalahari sand raisin), Parenaria
capensis (sandapple), Salacia luebertii and Ximenia caffra (large sourplum) (Saar, 1995). Only at two of
our study sites was Schinziophyton rautanenii (Table 4.3) present and Strychnos pungens at one. No
Strychnos coccoloides was found. The National Forest Inventory Project (1997) found in an area of
607 94%ha (including part of south west Kavango and excluding south west Bushmanland) 0.6 stems/ha
of Schinziophyton rautanenii, 1.73 stems/ha of Strychnos pungens, 0.33 stems/ha of Strychnos
cocculoides, 1.67 stems/ha Ochna pulchra and 0.99 stems/ha of Boscia albitrunca. The fruits of these
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spectes are harvested mainly in the rainy season from November to January. The mangetti nut is
harvested the-whole year round which makes it the most important food plant for the San.
. \

These very important food plant species are becoming a rare resource with the increasing number of
people in Western Bushmanland (Chapter 7). The solution for a continuing stable food supply could be
the cultivation of these plants. Germination experiments have been done at the Kanovlei Forestry Station
(Saar, 1995). Biesele et al (1979) found Mangetti difficult to grow. They found the best method was to
grind the pointed end off the entire fruit until the white embryo is exposed. Germination experiments
should be encouraged to continue at the forestry station. Our study site area was far too small to get any
knowledge of the distribution of these important plant species. To know to what extent this resource is
limited, further studies are recommended. The cause of the apparent decrease in veld food should also be
investigated (e.g. increase in livestock and human population or limited distribution of the plants).

Table 4.3: Useful trees and shrubs at 16 sites (20m x 20m, n=1) in Western Bushmanland. (Common
names for plant species are given in Appendix A)

SITE 1 2 3 4 5 8 9 10 12 13 14 15 16
Terminalia sericea 15 0 0 0 0 12 12 27 0 <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>