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The conclusions given in this report are those considered appropriate at the
time of its preparation.

They may be modified in the light of further knowledge gained at subsequent
stages of this project.

The definitions employed and the presentation of the material in this docu-
ment do not imply the expression of any opinion whatsoever on the part of
the Food and Agricultural Organization of the United Nations concerning the

legal or constitutional status of any country, territory or sea area or con-
cerning the delimitation of frontiers.
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Abstract

This report presents the results from soil surveys carried out in Southeast
Central District, it covers the soil maps of Serowe, Palapye, Mahalapye and
Lephepe at a scale 1:250 000, and includes generalized information of more
detailed surveys.

Chapter 1 describes the natural environment of the study area. In Chapter 2
the soil units occurring in Southeast Central District are discussed. Chap-
ter 3 gives the physiographic units and the interelationships between
landscape, soils and vegetation, whilst in Chapter 4 the potential of the
land for arable farming is discussed.

The Annex that accompanies this report describes the methods used in the in-
vestigation, and provides detailed descriptions and characterizations of

thirty seven soil profiles. Land suitability ratings for a number of
typical soill units occurring in the different climatic zones of the areas are
also given, In a separate volume the soll maps and the land suitability

maps for rainfed sorghum are presented.
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INTRODUCTION

This report is basically a revised edition of the previously issued report
"Soils of Central District, Botswana" (Remmelzwaal, 1984). The reasons for
updating are the following:

1. A standard format for soils reports of the 1:230 000 reconnaissance soil
map series of Botswana has been introduced.

2. Parts of the old report were transferred to general volumes and to other
regional standard reconnaissance volumes.

3. Methods of land evaluation have changed and Land Suitability maps are now
available with the report.

4. Soil analytical data with the old report were incomplete and unreliable and
have since then been improved.

3. The general Soil Legend and Soil Classification have been revised and com-
pleted and now include correlation with Soil Taxonomy and the revised FAQ
Legend.

6. Soil data storage has been standardized with the Botswana Soil Database
which includes an upgrading of all existing analyzed soil profiles.

The soil surveys for the four presented sheets were carried out from 1980 to
1983, The sheets were printed during 1984/85. The revision did not include
any new surveys, but some new data were incorporated.



Summary of Conclusiong and Recommendations

1. The results of the Soil Survey and Land BEvaluation show that only limited
areas of SE Central District have marginal suitability for dryland farming,
these are found in the Serowe, Shoshong and Mahslapye areas.

2. The larger part of the surveyed ares is unsuitable for dryland farming.
The more arid areas towards the Northeast and also in the South have
predominantly shallow andf{or sandy soils. Only the river wvalleys which are
partly water receiving have potential for dryland farming.

3. It is strongly recommended to evaluate land with respect to its suitability
for water harvesting. In particular very gently sloping pediments, alluvial
terraces and flats as well as upland depressions should be investigated into
more detail, and pilot aress should be selected.

4. The results of the reconnaissance mapping should be consulted when making a
first selection of areas for irrigated agriculture. The ongoing semi-
detailed surveys should be continued along the Limpopo river and its
tributaries.

5. The update of soil and evaluation data for the Botswana Soil Database
should be continued and extended to other areas in order to facilitate
countrywide comparison and evaluation of soil data. This is especislly impor-
tant as climatic conditions are marginal, and minor differences in soil
properties may stromgly influence suitability. T

6. S0il chemical and physical data are essential for soil characterization and
evaluation. It is therefore recommended to make every effort to ensure proper
functioning of the Laboratory, and to make preparations for integration with
the new Agricultural Research Laboratory, which is planned.

7. It is recommended to ﬁévelop a more guantified land evaluation system for
application st scales of 1:50 000 (semi-detailed) and larger, especially for
irrigated agriculture.
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1. GENERAL DESCRIPTION OF THE AREA

1.1 LOCATION

1.1.1 Location

The investipated area is situated in Central-Bastern Botswana (see Figure

1.1). It comprises the southern part of Central District, and the northern
parts of Kweneng and Kgatleng Districts. The only natural boundary is the
river Limpopo, forming the eastern limit. The other boundaries are artifi-

cial, the western one running through the Kalahavi.
The area is confined by the following coordinates:

22%0° - 24°00' South
259307 . 28930’ East

The total area mapped is approximately 54 000 km? {5 400 000 ha) which is
about 10Z of the total area of Botswana, a country the size of France. The
Hardveld comprised by the study area is roughly 350Z of the total eastern
Hardveld.

1.1.2 Population

The lstest census carried out at the end of 1981 has recorded the total
population of Botswana as 941.000 (Ministry of Finance and Development Plan-

ning, 1982). At present the population is estimated at 1.2 million. The
population of Central District, largely covered by the survey, was counted at
324.000 which is 347 of the total population. A minor part, however, is

living north of the mapped area, whereas in the south a small part of the
population of Kweneng and Kgatleng Districts should be added.

The main tribes living in the surveyed area are the Bamangwato (by far the
majority, they occupy the ares between Serowe - Mahalapye -~ Palapye), the
Batswapong (the area east of Mahalapye-Palapye) and the Babirwa (in the north-
gastern part, around Bobonong). In the southern part the Bakwena and the Bak-
gatla are the major tribes. The administrative center of the district is
Serowe (24 000), whereas Mahalapye (20 000) and Palapye (10 000) are other
major regional centers. There are many other villages, most of which have a
population of 500-2 000.
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1.1.3 Communications

Alr transport

All major wvillages, including some of the smaller ones, have air strips which
are suitable for small aircraft. There are, however, no regular services with
Gaborone or Francistown, this is only possible from Selebi-Phikwe, just north
of the mapped area.

Railway

A major railway runs north-south, through Mahalapye and Palapye, connecting
with Francistown and Zimbabwe in the north and with Gaborone and South Africa
in the south. Branches from Serule to Selebi-Phikwe and Palapye to Morupule
connect the southeast mining centers with the main line,

Roads

{a) Main tarmasc roads

The principal national highway runs south-north, from Gaborone to Francistown,
parallel to the railway. A major tarred road connects Serowe with Palapye and
an extension to Orapa (via Paje, Mmashoro and Letlhakane) is presently
under construction. Another tarmac road connects Selebi-Phikwe, Sephope and
Bobonong with Serule along the main highway. :

{b) Secondary roads
Most of the larger villages are comnected with the principal highway via
upgraded secondary gravel roads. The main cnes are:
- Dikabeya (north of Palapye) - Sefophe - Bobonong
- Palapye (10 km S5) - Martins Drift (border post)
- Mahalapye - Makwate - Parrs Halt (border post), and a
junction connecting with Machaneng and Tuli Block
- Mahalapye - Kalamare
- Mahalapye - Shoshong
- Serurume river (just south of) - Tuli Block (Buffels Drift)
- Dibete - Mookane - Maphashalala, and connecting with Buffels Drift.

Other secondary roads are:

- Tuli Block Black Line, running parallel to the Limpopo river, connecting
Maphashalala, Makwate, Machaneng, Sherwood, Zanzibar (border post),
Baines drift (border post) and Ponts Drift (border post).

- Sefophe - Tsetsejwe - Zanzibar

- Kgagodi - Maunatlala - Lerala, connecting with Martins Drifec.

{c)} Other roads

There are numerous other roads and tracks, of which many trafficable. Some of
the major ones to the west follow cordon fences: Dibete - Lephephe, Makoro -
Makoba (via Thabala) and Serule - Tlalamabele. Many of the important rural
roads inter connecting villages are improved under labour intensive road
projects, as e.g. the road from Serowe to Mogurosi, Thabala and Moijabana,
connecting with Shoshong and Kalamare.



1.2 CLIMATE

1.2.1 Atmospheric Climate

Introduction

The climate of eastern Botswana is semi-arid with hot and relatively moist
summers and dry and cool winters. A general summary of the climate of
Botswana is presented by Bhalotra (1987) from which most of the following data
are derived. For additional information reference is also made to Pike (1971}
and Sims (1981).

The climatic conditions in Botswana are mainly controlled by the presence of a
subtropical high pressure belt (anticyclone) situated east of Botswana. This
belt induces a general downward movement of air masses resulting in stable at-
mospheric conditions with generally low, erratic rainfall.

In summer, the Intertropical Convergence Zone (I.T.C.Z.) moves south over Zam-
bia, influencing the climate in the northern part of the country, where the
highest mean annual rainfall is recorded.

In the southern half of Botswana the summer climate is influenced by ant-
cyclone systems, which are positioned over the Atlantic and Indian Oceans.

The relatively high rainfall in the eastern part is caused by the more
frequent occurrence of unstable conditions, when the anticyclone moves further
east over the Indian Ocean. The anticyclone over the Atlantic coast causes
subsidence of dry air over the south western part of the country, resulting in
low rainfall.

Except for the extreme north, where the I.T7.C.2. has its influence, most rain-
fall is received from local convection showers, which are highly variable both
in time and space.

A summary of the climatic data of the synoptic station Mahalapye, is given in
Table 1.1. Rainfall data of other selected stations are given in Table 1.2.

Precipitation

The rainfall is between 300 and 500mm in the surveyed area and decreases fo
both the west (Kalahari) and the east (Limpopo). There is a large variation
in annual totals and seasonal distribution. The rainfall may also differ con-
siderably over short distances, which is due to the fact that most rain falls
in short and heavy showers. Apart from the highly erratic character of the
precipitation, effective rainfall for crops is also reduced by run off, the
occurrence of early and late rains, and the high potential evapotranspiration,
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Temperature

The mean monthly maximum temperature in Central District ranges from about
22°9C in winter to 34°C in summer, the mean monthly minimum from about 49¢ to
20°C. Temperature changes occur rapidly and frequently during all seasons
resulting in considerable deviations from the mean temperature. Absolute max-
imum recorded at Mahalapye is 41°C and minimum - 6°C.

The average number of days of air frost recorded at Mahalapye (1976-85) is 4
but of ground frost 26. Occurrence of frost is strongly related to the posi-
tion in the landscape. Frost occurs more frequently in depressions.

Relatlive humidity of the air

The mean monthly values of relative humidity are at a maximum during the
period January - March and at a minimum in the months of August and September.
Considerable variations can be observed between day and night. Whereas
humidity is generally at its maximum in the early morning, (5%% in August and
73%Z in March - Mahalapye) it rapidly decreases with increasing temperatures
and reaches its minimum in the late afternoon. (37 in August and 44% in March
- Mahalapye)

Evapotranspiration

The values of the potential evapotranspiration have been obtained from the
Penman formula as suggested by SMEC (1987). The calculated mean annual value
for Mahalapye is 1,550 mm. The mean monthly values are lowest in June (Z2.3mm
per day); the highest monthly wvalues occur in December (5,4 mm per day). The
annual variability compared to rainfall is relatively very small.

1.2.2 Soil Climate

Soil Temperature

Available data for Gaborone, comparable to conditions in Central District
show that soil temperatures, both under bare soils and under short grass
cover, are higher than air temperatures throughout the year (Bhalotra 1987).
Average differences at 2cm depth are 5°C, and at 60cm 3°C. These differences
vary over the year, being largest in summer.

The difference between maximum air and soil temperatures are largest at 2cm
depth, from 15°C in winter to 27°C in summer, in extreme cases the temperature
of the 2cm surface soil layer may be over 60°C.



Soll temperature regime

In Central District, the mean annual soil temperature at 60cm depth, which is
representative for the upper meter of the soil, is 23°C or more and the dif-
ference between mean summer and winter temperatures is about 11°C. The class-
ification of the soil temperature regime as defined by Soil Taxonomy (Soil
Survey Staff, 1975), is therefore hyperthermic.

501l molsture regime

The soil moisture regime is diagnostic for soil classification in both the
Soil Taxonomy and FAO systems, and as a concept important in land suitability
classification.

S8oil moisture regimes as ustic, aridic and aquic moisture regimes are defined
in Soil Taxonomy (Soil Survey Staff, 1875). Classifications for Botswana were
given by Van Wambeke (1982) and $.5.M.8. (1987).

If the mean annual soil temperature is 22°C or higher, the definition of an
ustlc moisture regime reads as follows: “the soil moisture control section in
the ustic regime is dry in some or all parts for 90 or more cumulative days in
most years. But the moisture control section is moist in some part for more
than 180 cumulative days, or it is continuously moist in some parts for at
least 90 consecutive days.”. Soil Taxonomy gives approximate limits for the
moisture control section : between 10 and 30 cm if the particle-size class is
fine-loamy to clayey, extending to 20 and 60cm depth if coarse loamy and to 30
and 90cm depth if sandy. The boundaries of the control section are the depths
to which a dry (tension» 15 bars, but not air dry) soil is moistened by 25
regpectively. 75mm of water within 24 hours {exclusive of cracks).

The boundary between the ustic and aridic moisture regimes is defined at the
point where the soil moisture control section is moist in some part for more
than 180 cumulative or at least 90 consecutive days (annual soll temperature
being 22°C or higher). If less, an aridic moisture regime is applicable.

At the end of the dry period the soils in Central District having normal
drainage conditions are completely dry. Average rains in September and Oc-
tober will only moisten the part above the control section. In the average
year part of the control section will be moistened in November and will remain
molst for about four months or slightly longer.

Following Soil Taxonomy's “crude calculation” (p.54), a soil at field capacity
with 200mm storage will be dry in all parts of the control section after 175mm
of evapotranspiration. In east Botswana this would take 4-6 weeks in the
period November to February (Table 1.1). However, in view of the high poten-
tial evapotranspiration in relation to the precipitation, & more likely figure
for storage will be in the order of 100mm.

After a dry spell of about 3 weeks during the rainy season, the soil moisture
control section may be completely dry. It should be noted that soil moisture
conditions must be considered under the normal native, wvegetation, whether
grass or crops. As indicated by the precipitation records, this will occur in
the southern, western and central parts of the investigated area, but most
probably not in more than four years out of ten, In this major part of the
mapped area an ustlc moisture regime is applicable.
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In areas where the mean annual precipitation is decreasing below 400mm as in
the Bobonong area, dry periods within the rainy season occur more frequently
and have a longer duration. Especially where soils are shallow and/or massive
(with relatively high run-off), the soil moisture control section is neither
moist for 180 days cumulatively, nor for 90 days consecutively, for six or
more years out of ten. Thus an aridic soil moisture regime is applicable in
the north eastern area.

1.2.3. Agro-Climatic Zones

Agro-Climatic Zones Of Botswana

In order to assess climate for arable farming, the concept of the growing
periods is applied. The analysis was carried out by the Department of
Meteorological Services in close cooperation with the Soil Mapping Project.
(Dambe 1987).

The calculation of the growing period is based on a water balance model, which
compares precipitation with the potential evapotranspiration (FAO 1978). The
growing period is defined as the period in days during a year (hydrological
vear) when precipitation exceeds half the potential evapotranspiration, plus a
period required to evapotranspire an assumed 100mm of water from excess
precipitation, or less, if not available, stored in the soil profile. The
period when precipitation exceeds full potential evapotranspiration is defined
as the humid period. The growing season is equal to the length of the growing
period if one growing period occurs or equals the total length of the growing
periods, when two or more growing periods occur plus the number of dry days.

For the analysis of the growing periods, data were used of all synoptic sta-
tions (9) and about 50 rainfall stations with long term records. The rainfall
of each 10 - day period was determined by calculating the running average over
three 10-day periods, thus reducing the influence of extreme and isolated

rainfall events. The potential evapotranspiration has been calculated apply-
ing the Penman formula adopted to Botswana conditions by SMEC (1987), see
Table 1.1.

As the rainfall in Botswana is very erratic and highly variable from year to
year, the use of mean figures is generally not appropriate as probabilities of
actual occurrence can be low. Therefore a frequency analysis of growing
season lengths was done. The results form the basis of the climatic zones
differentiation, combined with the number of dry days (50% frequency) and the
length of the humid period.

Figure 1.2 depicts the agro-climatic zones of Botswana.

Agro-climatic zones 2(c-d)3 and 3(b-c)3 can bhe considered as transitional
areas between the northern belt influenced by the I.7.C.Z2. and the (south)
eastern belt, which is outside this influence.

11
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Correlation agro-climatic zones with soil moisture regimes

Ags outlined in section 1.2.2 the major soil moisture regimes in Botswana are
ustic and aridic. The third applicable one is aquic, which is related rather
€0

position in the landscape than to climate. In the routine soil description
(Remmelzwaal and Van Waveren, 1988) transitional moisture regimes are also
distinguished, (ustic/aridic and aridic/ustic).

Most of the agro-climatic zones as represented in Figure 1.2 can easily be
correlated with soil moisture regimes.The duration of the moist period of zone
1 indicates an ustic regime. Zones 3, 4 and 5 have a short moist perioed cor-
respending with an aguic meisture regime.

Agro-climatic zone 2 is clearly the transitional zone, assuming soils with
average depth, texture and water holding capacity (100mm}). The rainfall pat-
tern indicates that the criterion of a partly moist moisture section for more
than 180 cumulative days in order to qualify for ustic will not be met. Thus,
the criterion of 90 consecutive days is the crucial one. Although definitions
of agro-climatic zones and soil moisture regimes differ, it is assumed that
both the beginning and the length of the moist period can be correlated. The
amount of 7.5cm rain monthly is comparable to 25mm per decade, and this is
about half the PET of 50mm per decade, indicating the beginning of the growing
period. The average duration of the agro-climatic zone 2 is 90 days and the
frequency is 75% or more, which is within the requirement of 6 years out of 10
for ustic,

The correlation between agro-climatic zone 2 and ustic moisture regime does
not corroborate the findings of Van Wambeke (1982) and should at the present
moment be considered as crude and provisional, and needs to be validated by
actual soil moisture monitoring. For shallow and/or sandy soils in zone 3
correlation with aridic soil moisture is considered more appropriate.

The general correlation presently used is as follows:
agro-climatic zones 1 - ustic

agro-climatic zones - ustic to aridic
agro-climatic zones -~ aridic to ustic
agro-climatic zones aridic

agro-climatic zones ~ aridic

LI~ L\
H



1.3 GEOLOGY

1.3.1 Stratigraphy and Lithology

The solid geology is relatively well exposed in the eastern hardveld part of
Botswana, but is largely covered by superficial deposits in the western
sandveld part.

A stratigraphic summary of the geology in the investigated area is given in
Table 1.3, compiled from various geological maps issued by the Geological Sur-
vey of Botswana, such as the Photo-geological map of Botswana based on
Landsat interpretation (Mallick et al) and the geological map of the Republic
of Botswana (Geological Survey Department, 1984).

Systematic geological survey in eastern Botswana has resulted in a series of
maps at a scale of 1:125.000. Recent quarter degree sheets published by the
Geological Survey Department are:

2227 B Selebi, 2228 B + 2229 A Bains Drift

2226 C Moijabana, 2226 D Mokgware Hills, 2227 C Palapye 2227 D Moeng,

2228 C Zanzibar

2326 A Kodibeleng, 2326 B Mahalapye, 2327 A Machaneng, 2327 B Chadibe

Rocks of the Basement complex are predominant, with sedimentary rocks of the
Palapye and Karoo systems subordinate. Faults with  most frequent NW-SW
strike control the distributions of the Palapye Group Sediments, and to a les-
ser degree also the Karoo Supergroup.

In Table 1.3 a generalized compilation of the stratigraphy and lithology of
the pre-Tertiary Sedimentary rocks is given. For rocks which occur near the
surface, a correlation is given with the main. soil units. Lithology (parent
material) is used as a major differential criterion in the soil legend (see
Chapter 2).

The Basement Complex of metamorphic and granltold rocks are the oldest rocks,
of Archean and Early Proterozoic age (Early and Middle Precambrian). 8Several
tectonic events, mainly characterized by folding, igneous events and phases of
metamorphism during the Archean and Early Proterozoic have been recognized.
Subsequent tectonism is mainly restricted to faulting and extends to the post-
Karoo period.

The Sedimentary rocks of the Waterberg Supergroup, which include lava and tuff
stages, are relatively weakly affected by metamorphism. There is uncertainty
about the correlation with the systems recognized in South Africa. Part of
the Palapyve group (the Shoshong formation) wused to be correlated with the
Transvaal System, (older than Waterberg), but it now forms the youngest foun-
dation of the Palapye group. (see Table 1.3). Most of the groups of hills in
the hardveld consist of rocks of the Palapye group. Some of the formations
outcrop only in places and other are found partly covered with superficial
deposits. A summary of the lithology is given in Table 1.4,
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Dolerite Sheets have intruded the older formations and have caused widespread
metamorphism. There are two major types of dolerite:
(1) Shoshong dolerite, the more basic type characterized by ‘knots' of mafic

minerals, and (23 the ’hybrid’® dolerite. The Shoshong dolerite forms the
hills around Shoshong, and its weathering product is more clayey than that of
other dolerites. There are also numerous dykes of dolerite or related rock,

which gquite vary in age.

The formations of the Karoo Supergroup used to be correlated with the series
recognized in South Africa (Stormberg, Ecca, Dwyka) but strict correlation is
no longer shown on the recent geological maps. Names and definitions of sub-
divisions are not always indicated in a consistent way on the geolocial maps.
A compilation of the new Karoo stratigraphy is given in table 1.3. Most of
the older formations are poorly exposed and are often found covered with
recent superficial deposits. The formation of the lower Karroo form a succes-
sion of sandstone, grits, siltstones, shales, mudstones, etc, including coal
bearing strata.

Kalahari beds are consolidated and unconsolidated sediments of Tertiary and
Quaternary age which consists of mainly calcretes, silcretes, aeolian sands
and alluvial deposits. Their thickness is over 200m in the Central Kalahari
but strata are thinner towards the East. Aeolian Kalahari sands are normally
found at the surface.

Coal is exploited at the Morupule Collier (west of Palapye). Detailed ex-
plorations in other areas may result in the opening of more mines.

The upper Karoo is characterized by two well exposed formations. The Ntane
formation is the youngest sedimentary Karoo formation (equal to the Cave
Sandstone). It is a very well sorted aeolian fine sandstone, very distinct
and recognizable. The grain-size distribution is markedly similar to the
sands of the eastern and northern parts of the Kalahari.

The only vyounger rocks of the Karoo are the Stormberg Basalt
outflows(correlated with Drakensberg Lava stage), which dominate the physio-

graphy near Serowe, Mmashoro and Bobonong. They underlie the greater part of
the Kalahari sands between Lephepe, Serowe and Makgadikgadi Pans.

Other Quaternary Sediments consist of a variety of alluvial and aeolian
deposits. The nature of the alluvium is usually related to the sources of the
material, but this may alsc depend on the topography. Heavy clays are found
near basalts and dolerites (Serowe, Shoshong), but most alluvium contains a
quite strong sandy component. The occurrence of calcrete is related to the
occurrence of rock types which are relatively high in calcium (basalt) but
also to a favorable topography, where there is the possibility of regular
supply of water and evaporation {(pans, lower valley slopes, depressions in
general).

seclian deposits within the hardveld area are usually Kalahari sands, or re-
lated wind~blown sands with an admixture of weathering material from the local
rocks. In many places there are Iindications that the local superficial
material has been reworked by wind.
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1.3.2 Hydrology
Drainage of the bardveld

The general drainage system of the hardveld region is consequent towards the
Limpopo river, which drains to the Indian Ocean. The main tributaries of the
Limpopo are the Notwane, Bonwapitse-Serurume, Mahalapye-Taupye, Lotsane,
Motloutse-Thune and Shashe, usually forming a dendritic drainage pattern. All
rivers are ephemeral, except perhaps for the Limpopo, which may be considered
transitional to perennial. In most dry years there are still large pools of
water, especially downstream. However after a succession of dry years the
upstream part is completely dry and only some pools are left in the downstream
part,

Drainage of the sandveld

The drainage system of the major part of the sandveld is internal, draining to
the Makgadikgadi Pans. The eastern part of the Kalahari does not have a well
developed drainage pattern. There are only a few dry river beds towards the
hardveld or the Makgadikgadi pans, of which the Letlhakane dry river is the
largest.

Water Resources

Sources of water are divided into surface and underground water sources. Bur-
face water is found in rivers, reservoilrs (dams), springs and pans.
Groundwater or underground water is made available through wells and
boreholes. An inventory of water points was made by the Water Point Survey
{Ministry of Agriculture of Botswana 1981).

The following categories of water sources in the investigated area exist:

- Natural springs. Springs which yield water throughout most years ave
found in the Tswapong hills at Moeng College, Lecheng, Moremi, Malaka,
in the Tshweneng hills at Malete, Chadibe, Sefhare, Seleka 2 and in the
Bobirwa area at Famo, a farm about 5 km 8. of Bobonong, and 8 km N. of
Motongolong Lands.

- Water from rivers in flow. This is a most wunreliable source of
water and available from mainly the Limpopo and to some
extent its tributaries.

- Water from sand bodies of main rivers. The sand rivers are valuable
in many areas as perennial water reservoirs. The potential vield
may be high in some rivers such as the Limpopo, Motloutse, Thune
and Shashe (Mitchell, 1976).

- Water from shallow wells.In some areas favourable conditions exist for
shallow aguifers related to water supply, slope, stratification and
permeability of strata or soil layers. Such conditions occur between
Tswapong and Tshweneng hills, where extensive alluvial deposits are
found with ironstone (laterite) layvers at 1-2Zmm depth. Water is
often found below this layer, as is indicated by the numerous wells
dug in that area

- Water from boreholes. In both hardveld and sandveld boreholes are the
most common and most reliable source of water.
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Table 1.3 Generalized geological stratigraphy of eastern Botswana

Age (my)

0-2

(90-160)

135-290

600~1250

1400-1900

2000
2600

pre 2700

Bra

Cainozoic
Tertiary
Upper Mesozoic
Mesozoic/Late
Paleoczoic

Upper /Middle
Proterozoic

Middle
Proterozoic

Early Proterozoic
Barly Proterozoic

Archean

Period
Quaternary

Kalahari Beds

(Cretaceous)
intrusions

Jurassic~Late
Carboniferous

Upper/middle
Precambrian

Late Middle
Precambrian

Middle
Precambrian
Middle
Precambrian

Lithology, lgneous event
Recent alluvial and
aeolian deposits

Dolerite and Kimberlite
Raroo sedimentary rocks
and basalts

Dolerite instrusions
Waterberg sedimentary
rock

Mahalapye migmatite

|

| Basement
Gaborone granite | Complex
E
%

Early Precambrian Ellington gneiss
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Table 1.4 Stratigraphy and lithology of Pre-Tertiary sedimentary rocks
in Central District (between 22and 24°8) {complled from data from
Geological Survey of Botswana).

Supergroup  Group
Stormberg
Lava

Lebung
KAROO

Ecca

Dwyka

Palapye

WATERBERG

Formation
Ntane

Mosolotsane
Tlhabala

Morupule
Kamotaks

Makoro pp

Shoshong

Lotsane
Tswapong
Moeng

Selika

Symbol
Kb
Ks

Kst
Km

Kg,Kc
KC 3

Ki
Kds

Pgl
Pgq

Pgs

Pgg

Pt*
Pm

Pg#

Waterberg undifferentiated W

Lithology

basalt
fine-grained sand
(Cave ss)
siltstone,mudstone
mudstone, shale,
siltstone
sandstone, grit,
shale, coal seams
coarse sandstone,
arkosik grit

fine sandstone
sandstone, shale
conglomerate,
limestone

upper guartzite
and shale

lower quartzite and
shale
greywacke,shale,
quartzite

flagstone, siltstone

sandy shale
quartzite, quartz-
pebble conglomerate
shale, siltstone

quartzite gquartz -
pebble conglomerate

sandstone,shale,
siltstone, grit

* more than one lithological series distinguished
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1.4 GEOMORPHOLOGY

1.4.1 Erogion Surfaces

The main distinction in the landscape is between the Sandveld in the West and
the Hardveld in the east. The boundary is gradual and smooth in the southern
part, but marked by an escarpment in the north, Kalahari sands covering the
Western plateau. The major part of the hardveld country is a flat to gentle
undulating peneplain with several groups of steep hills (inselbergs).
Erosional processes have played a more prominent role than aggradational
processes. Four dominant erosion surfaces are recognized (Bawden and Stobbs,
1963, after Jennings):

1 Pre-African Surface.
This highest surface is only represented by summit levels over 1350m
above sea level in the SE part of Botswana (outside the mapped area).
This surface is thought to be pre-Tertiary.

African Surface of Early Tertlary age

The most extensive area 1s the plateau covered with Kalahari sands west of
the escarpment forming the boundary between sandveld and hardveld. The
highest altitude of 1250m above sea level is found near Serowe. Qutliers
near Serowe are slightly lower: Swaneng Hill (1240m), Leruti hill (1230m).
Groups of hills with partially flat tops ascribed to the same level are:
Tswapong hills (top 1355m,) Shoshong hills (top 1325), Mokgware hills (top
1295m), Morale hills (top 1270m), Tshweneng-Sefhare (Borotsi) group of
hills (top 1295m, but usually 1200-1100m), and various other smaller and
more eroded hills with lower top levels.

3 Late Tertiary Surface
This surface covers most of the hardveld excluding the avea affected by
more recent erosion of the Limpopo river system. The altitude ranges from
about 1300 to 900m.

4 Quaternary Surface
This surface comprises the eastern hardveld area affected by recent poly-
cyclic erosion of Limpopo river and tributaries, of which Shashe, Motloutse,
Thune, Lotsane, Mhalatswe and Bonwapitse are the major ones. There is no
clear boundary with the Late Tertiary surface. In fact, the transition is
usually gradual, and a large part of what is shown by Bawden and Stobbs
(1963) as Late Tertiary Surface has been seriously affected by Quaternary
ercsion, such as the upper Mahalapye catchment north east of Kalamare.The
Quarternary surface is widest in the north (Bobonong area). The altitude
ranges from about 900 to 537m, the latter being the lowest point of the Lim-
popo at the confluence with the Shashe river. The altitude of the highest
point of the Limpopo is 857m at the confluence of Marico and Crocodile
rivers at Oliphants Drift.
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1.4.2 Geomorphological Features

The following geomorphological features are distinguished:

1

2.

Steep hills, ridges and escarpments

Egcarpments. Primarily the scarp between the Late Tertiary hardveld
surface and the Kalahari plateau (Early Tertiary African Surface). Most
pronounced developments are found §. of Mmashoro, NE and SW of Serowe, W
of Moijabana, NW of Kalamare and Mosolotshane and SE of Lephepe. Scarps
within the eroded hardveld occur N. of Thune river.

Large hills and ridges. These are the major groups of inselbergs such
as Shoshong, Tswapong. Mokgware and Tshweneng/Borotsi hills, with steep
sides and flat tops, about 200m sbove the surrounding country.

Isolated small hills. There are numerous small hills, or kopjes rising
above the plains. They vary in size and geology, but occur mostly on the
granite-gneiss Basement complex.

Incised valleys

Valleys are those of the Limpopo river and tributaries, which have incised
mainly in the rocks of the basement complex. The valley bottoms include
minor terraces and floodplains , which are often sandy. Only the Limpopo
has in places a somewhat wider strip of recent alluvium, including back-
swamp areas. Where possible, differentiastion is made between floodplains
natural levees, backswamps and terraces.

Uplands of the Basement complex

The granite/gneiss uplénds form the most 2xtensive unit within the central
hardveld plains. According to slope and eresion this peneplain is divided
into: :

8lightly undulating plain with occasional kopjes. This comprises a

Large area from Mahalapye to Machaneng, but also N. and E. of Palapye,
where it becomes moderately dissected.

Undulating plaine with frequent kopjes. This more variable landscape

is found in the central part of the Palapye sheet. Small pediments are
associated with the rock outcrops.

Dissected plein. Occurs south of Mokgware hills, extending to Kalamare
and Mshalapye. This is the upper catchment area of the Mhalatswe river
and the strongly incised valleys form a complex pattern with the remnants
of the upland peneplain.

Pediment slopes. Smooth pediment slopes have developed on granite and
gneiss at the foot of larger outcrops, with a very distinct break in the
slope between rock and pediment. Main occurrence is near Shoshong
{associlated with Shoshong dolerite hills) an¢ Mahalapye (Morale granite
hills) and on the northern part of Palapye sheet, associated with kopjes.
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7.

Uplands of sedimentary rock

These comprise a variety of intermediate levels on the late Tertiary
Surface, between Kalahari plateau and the eroded surface of Quarternary
age. The superficial deposits are usually sandy, and often aeolian
reworked.

Eroded Uplands of basaltic rock

There are two main occurrences. The first is the higher area at Serowe
and in the zone associated with the sandveld escarpment, extending
irregularly to the north. The second is the Lower Bobonong area,
affected by Quarternary erosion in the extreme NE.

Alluvial flats

Textures vary from sand to heavy clay, and are often related to a nearby
source of material. The major occurrences of alluvial flats is confined
to  the upper catchment areas on the high parts of the hardveld,
(Late Tertiary Surface). The textures of the deposits wvary from sand to
clay, which relate to the sources of the material. Most alluvium is found
in association with other sediments and rocks. The major alluvial flats
are:

Serurume catchment This is basically a complex fossil valley system
where extensive calcretisation has taken place, in association with
aeolian deposition.

Bonwapitse valley. The alluvial flats have their widest development near
Shoshong, where the influx of weathering material from the dolerite hills
has resulted in clayey deposits. Downstream from the valley is confined
to & narrow channel running through sandy areas.

Lotsane system. The main branches of the Lotsane are separated by rises
and low hills of mainly sedimentary rock. Three major areas can be
distinguished: (1) the colluvio-alluvial slopes, north of the Mokgware
hills, with loamy to clayey deposits derived from sandy, shaly

and granitic rocks, (2) the valley system south and north of Serowe
with alternating sandy and clayey deposits, from sandstones and basalts
respectively, and (3) the flats and valleys north and north west of
Palapaye where the major sources are the shales of the Matepitepi hills
and the basement complex in the north

Upper Motloutse system at Mmashoro The clayey alluvial flats derived
from basalt form the southern upper catchment area of the Moutloutse
river. Only a minor part occurs on the Serowe sheet, most is found on the
Letlhakane sheet,

The Kalahari sandveld plateau
Although there is large variation of aeolian features elsewhere in the

Kalahari, the sandveld part on the Serowe and Lephepe sheets is flat,
uniform and featureless,
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1.5 NATURAL VEGETATION

1.5.1 General Vegetation Structures

The vegetation structure with tree and shrub species of the soil unit were Y5~
tematically described during this survey. The following vegetation structures
were recognized (Remmelzwaal and Van Waveren, 1988):

Grassland ~ Grasses, subordinate forbs, no woody species
Forbland ~ Herbaceous plants predominant
Forest - Climax vegetation with a large number of tree and

shrub species, the structure is characterized by
distinct tree and shrub lavers, the crowns are
overlapping (only in northern Botswana)

Woodland - Continuous tree layer, crowns usually not touching.
Understorey may be present.

Shrubland - A continuous layer of shrub, crown are touching

Savanna - Discontinuous layer of trees and/or shrubs:

The savanna type is subdivided as follows:

Savanna ~ Scattered trees and shrubs, moderately dense.
Dense savanna - Species approximately a few crown diameters apart.
Open savanna - Few isolated trees and shrubs.

Tree savanna ~ Predominantly trees, scattered moderately dense.

Dense tree savanna- Trees approximately a few crown diameters apart.

Open tree savanna - Few isolated trees.

Shrub savanna - Predominantly shrubs, scattered moderately dense.

Dense shrub savanna- Shrubs approximately a few crown diameters apart

Open shrub savanna- Few isolated shrubs

Low shrub savanna - Predominantly low shrubs, scattered moderately dense
Dense low shrub savanna- Low shrub approximately a few crown diameters apart
Open low shrub savanna - Few isolated low shrubs

Trees are defined as: mostly single stemmed species with a height of more
than 3m

Shrubs are defined as:Mostly multi stemmed species with a height of between
1~3m and

Low shrubs as: Shrubs lower that 1m

The most typical and predominant vegetation structure in eastern Botswana is the
arid savanna type. Timberlake (1980) has described and mapped the vegetation of
southeastern Botswana. He also gives a comprehensive review of previous plant
studies and vegetation mapping in Botswana. Five main categories of vegetation
types are distinguished by Timberlake:

1. sandveld tree and shrub savanna

2. hardveld woodland and tree savanns

3. woodland on hills

4. shrub savanna on clay and calcrete

5. riverine woodland

These main types are subdivided into twenty-one vegetation types.
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In overgrazed areas or other places where the natural vegetation has been dis-
turbed, such as abandoned land areas, secondary regenerating vegetation types
are found,usually dominated by encroaching species as Acacia tortilis, A.
erubescens, Dichrostachys cinerea, and Colophospermum mopane.The occurrence of
frequent veld fires may result in impoverished shrub savanna or even
grassland.

An important vegetation boundary is the occurrence of Colophospermum mopane,
which starts just north of Radisele, extending westward to the north side of
the Mokgware hills. Mopane does not occur in the sand and basalt area of
Serowe, but is found again just north of Paje, on both basalt and alluvium.
From Radisele to the east, it extends north of the Borotsi hills, reaching the
Limpopo river at Martins Drift. The mopane boundary may be related to the oc-
currence of frost. Mopane seems to grow on a large variety of soils, from
sandy to very clayey, shallow to very deep and covering a wide pH range. On
heavy solls with imperfect or poor drainage the species tends to grow as a low
shrub, but on well drained soils as large trees. The most southern occurrence
of mopane is assoclated with fine textured poorly and imperfectly drained
soils. More to the north it is also found on pure sands, e.g. as dense mopane
shrub or as woodland on the beach ridges south of the Makgadikgadi salt pans.
Where mopane occurs on sand the pH is usually high to very high.

1.5.2 Vegetation types related to main mapping units

Timberlake's classification forms a good basis for the description of
the vegetation of Eastern Botswans in relation to the soil pattern.

A modified arrangement of vegetation types is used, combining seversal
and adding some new ones, mainly from the northern area not surveyed
by Timberlake. Only a limited number of tree species is listed, with
additions characteristic for specific enviromnments. As compared to
Timberlake’s classification, vegetation types are arranged related to
the main soil units (see Chapter 3). However, not all main soil units
relate to markedly different vegetation type.

R. Hills and scarps with very shallow soils

Woodland characterized by Terminalia prunoides, Combretum apiculatum, Croton
gratissimus and Acacia nigrescens.

C. Calcrete and other highly calcarecus rocks

Shrub savanna (mainly open) with Acacia mellifera, Rhigozum brevispinosum,
Combretum herercense, Combretum imberbe, Boscia albitrunca, Acaciaz nebrownii,
Catophractes alexandrii. The latter two only start to occur in the NW part of
the survey area.

A. Alluviasl deposits

There is quite a variety of vegetation on alluvium, reflecting the range of
soils and drainage conditions. The vegetation is often similar or comparable
to the vegetation type of the rock from which the alluvium was derived.

In the northern areas mopane shrubland or woodland is common on alluvium.

When soils are strongly calcareous, a vegetation type similar to main unit C
may be found.
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/

/ Two typical subdivisions are:

S»

{a) Grassland and open shrub savanna on heavy clay soils

Grassland and open savanna with thickets and shrubs characterized by
Acacia tenuispina, A. grandicornuta, A, mellifera, A. tortilis and
Colophospermum mopane in the north. Vertisols often have a grass
vegetation only, Where there is a gilgail pattern, shrubs grow on the
mounds .

{by Riverine woodland

The woodland of the riverine fringes shows quite a8 variation of species,
the most frequently occurring being Acacia karroo, A, galpinii, A, tor-

tilis, A, albida, Combretum imberbe, Ziziphus mucronats.

Sandy sedimentary rocks (Sandveld)

The major part of this unit is formed by the Kalahari, but also in the
eastern part of the mapped area large sandy areas occur, mainly on
sandstones. The sandveld savanna is in places characterized by broad-
leaved species, but in most areas it is found mixed broad-leaved -
microphyllous. 1In general the broad-leaved savanna has a denser
vegetation, especially where Colophespermum mopane occurs, and the
microphyllous savanna is usually more open.

{(a) Broad-Leaved savanna
Although not really occurring in well defined zones, general vegetation
sub types can be distinguished, characterized by one or two species,
with others occurring subordinately. {Lonchocarpus nelsii, Ochna
pulchra,Terminalia sericea, Burkea africana).
Lonchocarpus nelsdd. Predominantly in the southern and central
Ralahari. Mostly occurring as shrub, especlally in the northern part
of Central Kalahari Game Resgerve, where it becomes subordinate,
but in the southern part also as trees (south west of Lephepe).
Burkes sfricans. Occurring as predominant species in parts of the
eastern central Kalahari, e.g. in the sandveld west and south of
Lephepe, east of Dibete.
Terminnlis sericea. Occurring very frequently as the predominant
species in sandy areas, especially on acid to neutral soils in
the eastern $ units on sandstones or mixed Kalahari sands.
Colophospermum mopane. Mainly as shrubland on non-acid soils,
and only in the northern part of the country. Mopane shrub
and woodland (small trees only) is the typical to exclusive
vegetation of the beach-dune ridges of various levels of the
Makgadikgadi lacustrine system.
Croton gratissimus. Most typical in places where there is a
relatively shallow sandcover overlying bedrock, such as in the
escarpment zone (e.g. just west of Serowe).
{b) Microphyllous savanna
This open tree savanna type is found in variocus parts of the surveyed
sandveld area, as in the south east and far west. The most character-
istic species are Acacis erioloba and A.luederitzii. Other
common species are Peltophorum africanum, Grewia flava and A. fleckii.
Microphyllous savanna types also occur in association with broad-leaved
types,
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G Granite and gnelss (scid rocks)
A division can be made according to the textural class of the seil.

(a) Woodland and savanna on medium to fine textured solle

Predominant species are Acacis nigrescens, Combretum apiculatum, A. erubes-
cens, Colophospermum mopane, Sclerocarya caffra. Mopane occurs only in the
northern part, above the line as indicated in section 1.5.1. There are
often distinct vegetation zones with a predominance of one or two species,
following terrain and soil patterns. On the well drained ridges large tree
savanna is found, A. nigrescens, with alseo C., apiculatum and tall mopane.
C. apiculatum shrub predominates on the more acid and shallow soils. Low
mopane shrub characterizes the imperfectly drained lower slopes.

(b) Savanne on coarse sandy acid soils

The dominant species are Terminslis sericea and Peltophorum africanum, with
A, fleckii and A, erubescens occurring subordinately.

B. Basic rocks (mainly basalt and dolerite)

In the southern dolerite areas of Shoshong, Ziziphus mucronata, Combertum im-
berbe as well as Acacia species such as A, tortilis, A, grandicornuta and A,
karoo predominate. This applies also to the Serowe basalt area, but here the
natural vegetation has been largely disturbed.

In the northern basalt area of Bobonong, the major vegetation type is
Colophospermum mopane woodland on the better drained soils and shrubland on
the poorer drained soils.

D, Fine~textured sedimentary rocks

This main unit has the least distinct vegetation types. There are many
changes and gradual transitions to other units, especially sandy ones. Mast D
areas cccur as small and scattered units. and parts have a sand cover of vari-
able thickness. Common species are Dichrostachys cinerea, Acacia tortilis and
Colophospermum mopane (in the north). On acid and more sandy soils Terminalia
serices predominates. Main species on shallow D units soils are Terminalia
prunoides, Combretum apiculatum and Colophospermum mopane (in the north).

1.6 LAND USE

1.6.1 Land tenure systems

The following land tenure systems occur in Botswana:

L. Statelands, such as Forest Reserves, Game Reserves, National Parks.

2. Tribal land, subdivided into Communal, Commercial and Wildlife management

aregs,
3. Freehold Farms
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Large Statelands do not occur in the survey area, only relatively small areas
were reserved by Government as e.g. Livestock gquarantine camps, Artificial
Insemination, camps and Animal Production Research farms.

Most of the tribal land in this eastern part of Central District is communal
land, used as rangeland and arable land. Traditionally the Batswana have
three types of settlements: villages, cattleposts and dwellings on arable
land.

Most of the communal leasehold farms are found in the Kalahari e.g. between
Serowe and Makoba. These farms have been allocated under TGLP (Tribal Grazing
Land Policy) scheme as leasehold to individual.

Part of the tribal land has been declared Wildlife management area. These
areas are found more towards the north, often adjacent to Statelands.

Freehold Farms occur in a strip along the Limpopo river. These farms are
called the Tuli Block, and commercial cattle grazing is the main land use
type. Some farms have also areas rveserved for game farming and safari ac-
tivities. Only a minor pavt of the land is under irrigation.

1.6.2 Major land use types

Traditional deryland farming is the common type of arable agriculture, where
the produce from the field is for subsistence (main product sorghum, but also
maize, watermelon, beans, cowpeas, pumpkin etc). Under the encouraging
schemes of the Government (such as ALDEP - Arable Land Development Programme,
and ARAP - Accelerated Rainfall Arable Programme), there is presently a shift
towards improved types of traditional farming, including partly mechanized
farming. In good years, vields may be more than sufficient for subsistence,
and a surplus can be sold., As the presence of cattle in farming land areas
creates problems, farmers, individuals or syndicates, were forced to fence the
fields. The Botswana Government is subsidizing these activities.

Irrigated forming is practiced at medium to large scale along the Limpopo and
Motloutse rivers. However, the total area covered is very small, and only few
farmers irvigate their fields in addition to theilr main activity of livestock
grazing. Talana farm, at the confluence of Motloutse and Limpopo rivers is
the only large scale irrigation farm. Main crops are cotton, wheat, citrus,
maize, tobacco and vegetables such as potatoes, cabbage and onion.Small scale
irrigated horticulture is found in a few scattered plots only, using water
from boreholes.

Livestock grasing. Cattle grazing is the predominant agricultural activity,
but alsc smallstock grazing, mainly by goats is very common, especially around
villages. The most intensive grazing 1s in the hardveld, especially
arpund waterpoints (pans, well, boreholes). Stocking rates beyond the carrying
capacity have led to overgrazing of areas. The results of overgrazing are
shown by the destruction of the natural vegetation and subsequent bush
encroachment and acceleration of wind and water erosion.
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2 SOILS

2.1 INTRODUCTION

2.1.1 Previous Investigations

Prior to 1978 there has not been a systematic approach in soil survey in
Botswana. Results of earlier investigations are fragmentary and soil maps
were almost completely lacking. The first soil map of Botswana, at that time
the Bechuanaland Protectorate, was prepared by van Straten and de Beer (1959},
using an early version of the Inter-African Pedological Service class-
ification. The map is provisional and very simple, at a scale of 1:6 000 000.
Seven main groups were distinguished, with a subdivision based on geology and
some soil characteristics: Lithosols, Desert Soils, Sub-Desert Soils, Young
Soils on fairly recent material, Calcimorphic non-illuvial Soils, Ferruginous
Tropical Soils and Halomorphic Soils. Bawden and Stobbs (1963) did a land
resources survey of Eastern Bechuanaland but presented only some general in-
formation on soils, without description or maps. They adopted the concept of
van Straten and de Beer.

A detailed soil classification system was developed during the survey of Mit-
chell (1964-7) in eastern Botswana, where it was applied to selected areas
along the main rivers (Mitchell, 1976). The basic principles of the system
were adopted from the classification of the soils of Rhodesia (Zimbabwe)
(Thompson, 1965; see also the later edition by Thompson and Purves, 1978).
This system has a pedogenetic concept similar to that of Inter-African
Pedological Service, which served as a basis for the 1:5 000 000 soil map of
Africa (d’Hoore, 1964). Mitchell distinguished three soil orders, subdivided
into five soil groups:

Weakly developed soils Regosols
. Lithosols
Calcimorphic soils Vertisols

. Siallitic soils
Fersiallitic soils

o e N

Kaolinitic soils

The distinction between the calcimorphic and kaolinitic soils is based on
leaching, the kaolinitic soils being leached and the calcimorphic soils being
enriched in lime . The groups are further subdivided into families and
series. From the descriptions it can be read that the siallitic soils occur
on alluvia and colluvial mainly, and a few on basic rock, and the fersiallitic
soils on hard rock only. The system has not been applied by others and can be
considered as over-systematic and less practical.

Siderius (1970) introduced a soil identification system for Botswans identical
to the system at that time developed in South Africa. This system, the
Binominal System for South Africa, was finally published in 1977 (MacVicar et
al.). It is a relatively simple but comprehensive system, which recognizes
two levels of classification, seoil forms and soll series.
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The system shows similarities to the USDA Soil Taxonomy {S5o0oil Survey Staff,
1975) as it also uses diagnostic horizonms and properties. In Botswana it has
been applied apparently to some extent. In his later work (19772, 1973)
Siderius used Soil Taxonomy (at that time the provisional ’Selected Chapters’
edition) and he also correlated with the FAO Legend of the Soil Map of the

World (also a preliminary edition). Most of Siderius’® soil investigations
were carried out in Central District in the Mahalapve - Shoshong area. He
produced sets of soils data with full profile description and analysis. His

data have been updated, reclassified and stored in the Botswana database.

Within the Ministry of Agriculture of Botswana, it was decided in 1978 to use
the FAO Legend of the Soil Map of the World (1974) as a general basis for soil
clagsification in Botswana. Reports on soll surveys have since been produced
by Staring (1978), Venema (1980) and Breyer (1983,1986). Data produced by
Breyer in cooperation with the Scil Survey project have been incorporated in
the Botswana database. Reports on soil surveys carried out by the FAO Soil
Mapping Project include Venema (1983), Remmelzwaal (1984), Remmelzwaal and
Rhebergen (1984), Rhebergen (1985) and Baert (1987).

2.1.2 Soil Forming Factors

Scils in Botswanas show a strong textural relationship with the underlying
rock., This is the reason that the soil forming factor parent materisl is used
at the first level of classification. Most soils retain a strong relationship
with the rock they are derived from, such as sand/sandstone, granite, basalts.
The influence of other soil forming factors is more variable.

The soill forming factor climate had a clear impact on soil formation but the
effects are not always strongly differentiating, Under a semi-arid climate
processes of weathering and leaching are slow, as they are confined to the
molst summer only. Most soils are dry for the larger part of the year, and
during the period of drying up, an upward movement of water containing soluble
components may take place. The most common phenomenon in the more arid areas
is the accumulation of lime in the upper part of the soil. Other materials
that are found enriched are salts, gypsum and silica.

Usually the combination of the soil forming factors climste and topography
control the leaching processes. On the higher and steeper slopes soils have
lost more fine materials than soills on the lower slopes. Leaching takes
place through surface processes or via wvertical or lateral subsurface transg-
location. The result is coarser-textured and more acid soils on the higher
well drained parts, and finer-textured and more alkaline soils on the imper-
fectly drained lower parts (see section 3.2 for examples of catenary
relationships). However , it should be noted that over large parts of
Botswana the differences in relief ave slight, restricting the influence of
the topography on soil development.

The soil forming factor wegetatlon in itself does not have a strong influence
on soil formetion in Botswana. The production of organic matter may be vela-
tively high, but little is added to the soil, due to the high oxidation under
the present climatic conditions. Only under wet conditions levels of organic
matter may be substantially higher. On highly calcareous materials usually
higher organic matter contents are found.
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nfluence on the develop-
stinct horizon develop-

The soil forming factor time generally has a strong .
ment of t profile. in Botswana show a
ment, which ;A © 1 mind age. The development
eroded, recent alluvial and sandy lian sands. The soils of the
faces do not show a strong differentiation due to time, when comparing similar
soils in landscapes of different age.

2.2 SOIL CLASSIFICATION

2.2.1 General

The Legend of the Soil Map of the World (FAO-UNESCO, 1974) was selected as

the general soil classification system in Botswana. Although not strictly a
taxonomlic classification system, it is based on measurable criteria and proved
very useful as a soil classification system. Considerations for the selec-
tions were:

L. The system is relatively simple, and yet comprehensive.

2 It provides a suitable framework for the distinction of seoil units at
lower levels.

3. The system has been internationally accepted and is widely used. It
forms a good basis for correlation with other countries, especially in
Africa.

b4, It is closely linked with USDA Soil Taxonomy, by having largely

similar diagnostic horizons and other criteria.

Soil Taxonomy ( Soil Survey Staff, 1975, 1987) is used as a second class-
ification system. It is not used for gemeral mapping purposes, but FAD soil
units are correlated with Soil Taxonomy and analyzed soil profiles are also
classified according to Soil Taxonomy.

Soils are also correlated with the Revised Legend of the Soil map of the World
(FAO /Unesco/I8RIC 1988).

A full description of the soils of Botswana and correlation between the FAD
and Seil Taxenomy classification systems is given the General Soil Legend
of Botswana (Remmelzwaal, 1988). In this Legend also new soil wunits and
modifications of the FAO system are introduced. Some of the relevant changes
or interpretations are mentioned in the following sections.




2.2.2 Legend of the Soil Map of the World (1974)

s

Soll pheses

0f several phases a shallow variety, occurring within 50cm of the surface, is
introduced (petric, petrocalcic, petroferric).

Diegnostic horizons

Mollic borizon

The part of the definition "Soil structure is strong enough that the major
part of the horizon is not both massive and hard, or wvery hard when dry® is
interpreted as such that epipedons having a wvery hard consistency and coarse
blocky structure are excluded from mollic horizons, considering the general
concept as given in Soil Taxonomy {(Soil Survey Staff, 1975).

Ochric Horlzon
The concept of ‘weak ochric horizon’ was not considered useful.

Cambic Horizon
The complete Soil Taxonomy definition is used.

Calele and Petrocalelc Horlzons

Petrocalcic horizons are considered disgnostic horvizons wilth the same
taxonomic value as calcic horizons. Both horizons were given diagnostic value
to enter Arencsols and Cambisols.

Albic Horimons
The complete Soill Taxonomy definition is used.

Diagnostic properties

Albic material
The diagnestic property albic material was replaced by alblc horizon

Ferralic and Ferric Properties

For the calculation of the CEC clay wvalues a correction is applied for organic
carbon, 400med% per 100g carbon. In sandy soils the calculated CEC clay is a
rather meaningless figure, as the CEC is relatively strongly influenced by the
components sand and silt. Therefore an additional criterion for the defini-
tion of fervalic properties is introduced, namely the CEC of the total fine
gearth fraction, which should be lower that 4me9/100g to qualify for ferralic
properties.

Bydromorphic properties
The corresponding full Soil Taxonomy definitions are used

fecl

to be zome errors in the FAO definition.

3
-
o

-

-
o
@

Vertic propervies
The definition was veplaced by the Soill Taxonomy definitlion as used for
subgroups: ' having cracks st some period in most vears that are lom or more
wide at a# depth of 50cm, that ave at least 30cm long in some part and that

i

extend upwards to the surface of the Ap (A) horizon, if not irrvigated’.
- &

foto
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Soll Unlte

The soil units are subdivided at seceond level and some at third level. The
goil units at third level have the additional characteristics of another soil
unit at second level. The only exception is the third level addition Arenle,
defined as having a texture of loamy fine sand or coarser in the upper 50 cm
from the surface.

The soil units have their upper boundary at the surface or at less than 30 -
50 cm below the surface. When covered with a& thicker layer of new material,
the diagnostic horizons have no longer diagnostic value for classification.
The wvariable thickness of 30 - 50 cm is following the concept of buried solls
in Soil Taxonomy {(Soil Survey 5taff, 1987). In practice this means that clay
covers on sandy soils may not be thicker than 30 cm, as the sand normally
does not have diagnostic subsurface horizons. Sand covers on loam or clay may
be up to 50 cm thick if the diagnostic horizons in the buried soil are 1 m or
more in thickness.

Gleyeols
Calcaric Gleysols were renamed Calcic Gleysols, as in Botswana these soils al-
ways have a calcic horizon or soft powdery lime.

Arenosols

The definition of Arenosols was not considered uvseful in the mapping of

Botswana soils and was changed for the fellowing reasons:

1. All deep sandy soils should be grouped together

2. The present boundary of coarse texture allows solls with a high clay
percentage of up to 18 percent and in addicion silt. The b@undazy used
in Soil Taxonomy, basically between loamy and sandy loam is considered
more appropriate.

4, Gravely solls should be excluded.

. Redistribution or enrichment of carbonates, even in the form of a calcic

or petrocalcic horizon, should be permitted.

5. For reasons of correlation with Soil Taxonomy and other practical
reasons as to include soils on non-gravelly sandstone, lithic and
petroferric contacts (phases) should be permitted.

6. There should be no restriction as to the soil moisture regime.

The revised key reads as follows:

Other soils which are coarser than sandy loam and having less than 35 pesrcent
of r@uk fragments or other coarse fragments in all sub-horizons to a depth of
at least 100 cm from the surface or to a lithic or p@fﬁﬁt@ﬁﬁﬁm contact, h&wimg
no diagnostic horizons other than an ochric an albic E horizon, a
calcic or petrocalcic horlzon.

gt least 50 om

Arenosols having
surface.

5

Albiec Arenosoles

the surf

Other Arvenosols having & petrocalcic horizon wi




Other Arenosols having a calcic horizon or soft powdery lime within 125 om
of the surface.
Calelo Avenosols

Other Arenosols which are calcarsous at least between 20 and 50 com below the
surface.

Galcaric Avenosols

Other Arenosols showing a clay increase of 37 or more or lamellae of clay ac-
cumulation within 125 cm of the surface.
Luvic Arenosols

Other Arenosols showing colouring and ferralic properties within 125 om of the
surface.
Ferralic Avenosols

Other Arenosols showing colouring.
Camblc Arencsols

Other Arenosols having a base saturation (by NH40Ac) of less than 50 percent,
at least in some part of the soil between 20 and 50 cm below the surface.
Dystric Arenosols

Other Arenosols. .
Butric Arenosols

Hotes
- Ferralic should include colouring in order to distinguish from recent
sands (beach, dune) which may have ferralic properties.

- Cambic should exclude other alteration than colouring. This could only be
- structure (or decalcification), which often is & guestionable property.

- Some very weak structure alone should not lead to classification as
Cambic Arenosol or Ferralic Arenosol.

Planosols

The abrupt textural change is recognized as a unique property of Planosals,
and is an essential diasgnostic criterion. The word ‘abruptly’ was added to the
text of definition and key between "E horizon" and "overlying". The require-
ments of hydromorphic properties in at least part of the E horizons is inter-
preted with some liberty, as mottling or other evidence does hardly or not ap-
pear in deferrated material (see also FAD, 1988).

Witosols

The same colour regquirvement as for Paleustalfs is applied to Nitosols, which
means that if the colour is not redder than I10YR, the soll is classified asg an
Orthic Luvisols.

Camblanls

Calcic and petrocaleilc horvizons are considered key horizons to enter Cam-
bisols. Otherwise soills having a calcic or petrocalcic horizon and not a cam-
bic and which do not gualify for any other soil unit, do not key out at
Calcaric Cambisols were eplit up dnto caleic (having a calcic or petrocals
horizon or soft powdery lime wit ‘ ace) and Calcaric Can
bisols (others).

all.




2.2.3 The Revised Legend of the Soil Map of the World (1988)

The Rewvised Legend of the Soil Map of the World (FAO/Unesco/ISRIC, August
1988) is applied in all standard routine soil descriptions. A general correla-
tion with the 1974 Legend for Botswana soils is given in Remmelzwaal (1988).
The following interpretations or modifications are made:

Mollic horizon
See remark section 2.2.2

Cambic horizon

The definition is different from the definition in 8oil Taxonomy, which may
lead to confusion. In soils with gleyic or stagnic properties the "gray color
requirement” may be the difference in recognizing a cambic horizon or not. See
also under Cambisols.

Sallc properties
Depth within 100 cm of the surface.

S5oft powdery lime
Significant is quantified as follows: at least few (5-13%) by wolume, or
covering at least 50% of the ped surfaces,

Vertic properties
Definition used see Section 2.2.2

Prevalence of disgnostic B horlzons
General rule of upper B horizon is not observed in the case of cambic horizon
overlying argic horizon (within 125 cm of the surface).

Leptosols

Other diagnostic horizons permitted: calcic and petrocalcic horizons, as these
are difficult to distinguish from highly calcarecus material. New soil unit
introduced: Calesric Leptosole (following Umbric Leptosols in key) which are
calcareous at least from 20 to 50 cm below the surface, in order to separate
Leptosols on soft calcareous materials.

Vertisols

Pellic and Chromic Vertiscls are kept at second level, as defined in 1974 edi-
tion., Calci- is used at third level. The key is as follows:

Gypsic Vertisols

Dystric Vertisols

Pellic Vertisols

Chromic Vertisols.

Arenosols

The key as given in Section 3.2.4 1s changed as follows:

Gleyic Arenosols are added, Petrocalcic Arenosols are deleted (petri- distin-
guished at third level), Dystric Arenosols are deleted and Eutric changed in
Haplic. Tt should be noted that the requirement of less than 87 clay is not
observed.

E2
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Calcisnols

The following definition for the key applies:

"Other soils having a calcic or a petrocalcic horizon, or a concentration of
soft powdery lime within 125 cm of the surface; having no other diagnostic
horizon than an ochric horizon, a cambic B horizon, or an argic B horizon un-
derlying a calcic horizon, or overlying a calcic or petrocalcic horizon which
occurs within 50 cm of the surface”. New soil unit introduced: Stagnic Cal-
cisols (following Luvic Calcisols in the key) which has stagnic properties
within 100 cm of the surface.

Perric propertiss
As with Alisols, Acrisols, Luvisols, Lixiscls, occurrence within 125 cm of the
surface.

&lisols
The defined cation exchange capacity occurs throughout the B horizon to a
depth of 125 cm.

Acrisols
The defined cation exchange capacity occurs in at least some part of the B
horizon within a depth of 125 cm.

Luvisols '
The defined cation exchange capacity occurs throughout the B horizon to a
dapth of 125 cm.

Lixisols
The defined cation exchange capacity occurs in at least some part of the B
horizon within a depth of 125 om.

Camblaole

New soil unit introduced: Stagnic Cambisols (following Gleyic Cambisols in the
key) showing stagnic properties within 50cm of the surface. Soils which have
stagnic properties but not a cambic horizon do not key out.

Letter sufflces
The modified arrangement (based on Soil Taxonomy) as defined in Botswana S5oil
Database (Remmelzwaal and Waveren, 1988) applies.

S0il Subunits {(third level and lower level codes)

The third level was introduced to indicate intergrades between major soil
groupings at the first or second level, or to further characterize or specify
the second level soil groupings. Definitions of soil subunit connotatives as
used in Botswana ave given in Remmelzwaal (1988) with rules for priority.

The rule normally followed is that definitions at the third level correspond
with second level definitions, and do not represent weaker expressions of the
relevant phenomenon. A stronger or weaker development can be indicated by
prefixes such as hyper-, hypo-, epi-, whereas orthi- can he used to indicate
the typical or general occurrence, e.g. orthi-calcic when having a calcic
horizon and not only soft powdery lime.

o
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2.2.4 Soil Taxonomy

Soil Taxonomy (Soil Survey Staff, 1975, 1987) is used as the second class-
ification system and applied to all standard routine soil descriptions. Soil
Taxonomy definitions are normally followed when FAO uses identical diagnostic
criteria, but defined in abbreviated form. For remarks on interpretation of
diagnostic horizons and criteria see Section 3.1.

The subdivision of certain great groups appears to be insufficient. Therefore
a number of subgroups has been introduced, defined as identical subgroups al-
ready identified with comparable other great groups (e.g. petrocalcic,
petroferric, ustalfic, calciorthidic, arenic). Also some new compound sub-
groups were added, e.g. Arenic Kandic Rhodic, Arenic Petroecalcic. Completely
new soil units were not defined. New subgroups are listed in Annex 2, Soil
Unit Correlation FAO-80il Taxonomy, of the General Legend of Soils of Botswana
(Remmelzwaal, 1988).

2.3 S50IL LEGEND

2.3.1 Legend Construction

The legend consists of two components, Main Units and Soil Units.
Maln Units

The first or Main Unit distinction is based on parent material and rock. The
key to the main units reads as follows:

R - VERY SHALLOW SOQILS ON STEEP HILLS, RIDGES AND ESCARPMENTS

¢ - S0ILS ON HIGHLY CALCAREOUS ROCKS AND MATERIALS

L -~ SOILS ON LACUSTRINE DEPOSITS

A - SOILS ON ALLUVIAL DEPOSITS

§ - S0ILS ON COARSE-GRAINED SEDIMENTARY ROCKS

D - SOILS ON FINE-GRAINED SEDIMENTARY ROCKS

& - SOILS ON ACID IGNEOUS AND METAMORPHIC ROCKS

B -~ BOILS ON BASIC IGNEOUS AND METAMORPHIC ROCKS

The above classification is according to the nature of the superficial
deposits. Diagnostic criteria are defined as follows:

Main Unit B contains at least 30 percent Lithosols and 1s not further sub-
divided. Remaining soils include Regosols, Cambisols and locally Luvisols and
Arenosols. This unit is unsuitable for arable farming.

Main Unit € contains all highly calecareous materials, such as calcrete and
nodular calcareocus materials, ds well as minor limestone and dolomites, which
have a calcium carbonate content of 40 percent or more eguivalent, occurring
within a depth of 50 cm of the surface. The unit is indicated as LC when oc-
curring in lacustrine deposits.



Main Unit L comprises all lake and pan deposits, such as in the (sub) recent
depositional environments of Makgadikgadi, as well as on older plains such as
Pandamatenga.

Maln Unit A is exclusive of lacustrine sediments but includes alluvial
reworked lacustrine, indicated as La; as well as deltaic deposits. The unit
includes colluvium of mixed origin, but not partly colluviated and unmixed
material, which are hardly or not distinguishable from in situ weathered
material.,

Main Unit § occurs on coarse-grained sedimentary rocks, whether consclidated
or unconsolidated. When the sediment consists of unmixed Kalahari sand the
unit is indicated as KS. The general criterion i1s that the texture is loamy
fine sand or coarser to a depth of 50 cm from the surface and not finer than
fine sandy loam at a depth of 100 cm. However, occasional exceptions are made
for aeolian features such as dunes which are allowed to have slightly finer
textures.

Main Unit D has a texture of sandy loam or finer within a depth of 50 om of
the surface. The unit occurs on a variety of rocks such as shales, siltstones,
grits, conglomerates, feldspatic sandstones etc.

Main Unlt & is mainly found on the acid and intermediate granite and gneilss
rocks of the Basement Complex as well as on metamorphic rocks such as
quartzites,

Main Unit B is related to the Karroo basalts, various dolerite/diabase intru-
siong and ultrabasic rocks.

Soil Unitse

The soil units are defined according to a standard format which contains the
following elements:

- Boll unit number.

- Soil depth. The range is indicated using soil depth classes:
0 - 25 cm very shallow
25 - 50 cm shallow
50 - 100 cm moderately deep
100 - 150 cm deep
> 150 cm wvery deep.

annual

The lower limit indicated is the depth to whic h roots of grasses and
L : coccurrence of

crops can penetrate. The depth normally

sl @b%?@ weathered or unweath: 1 °C 2

- Drainage. The clasges follow the UzaﬂhaV& %AC}& classificat
mally the range is one C , ocecasionally thr

1 to the

3

Golour. The colours g 2 accordl

Charts 1Mum@&il% 1975y, The indicated from one e
limit diagonally over one or hues to the other wvalue/chro
The colours refer to the colours of the B hovizon {(or C hor
is no B horizon) in the moist state.
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Texture. Textural classes are described following the revised subdivi-
sion by Remmelzwaal and Waveren (1988). The texture generally refers to
the texture at a depth of 100 cm (or immediately above a lithic or
paralithic contact or cemented horizon) and occasionally to a depth of
125-150 cm if this influences the soil classification, as for some sandy
soills. Normally the textural range is restricted to two or three
classes.

Glassificstion. The soil classification system is the Legend of the Soil
Map of the World (FAO/Unesco, 19743, with modifications (see section
2.2.2) Correlation is made with the Revised Legend of the Soil Map of
the World (FAO, UNESCO, ISRIC, 1988) and with the Soil Tawxonomy (1987).
Normally only the main correlation is indicated.

Phases. Phases used are derived from the Legend of the Soil Map of the
World (FAC/Unesco,1974), with amendments (see section 2.2.2). The full
phase occurs in 70 percent or more of the soil unit, ’partly’ in about
30-70 percent of the soil unit. Lesser occurrence of phases is normally
not indicated.

Topography. A general indication of the topography of the unit is given
with sometimes a description of the physicgraphy added.

S§ite charscteristice. A characterization of the site in general
hydrological terms is given, as this is essentisl for land evaluation.
One defined soll unit is normally not both water receiving and shedding.
The following classes are distinguished:

- receiving

- slightly receiving

- normal to (slightly) receiving
- normal

- normal to (slightly) shedding
- slightly shedding

- shedding.

e
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2.%.2 Solil Units

S0il wunits recognized in the survey area and represented on the maps are
listed below., For a full list of soils in Botswana reference is made to Rem-
melzwaal (1988).

Details are given on occurrence, soil characteristics and vegetation. When no
details are given with a soil unit, reference is usually made to the unit
above. The soil units occur on the map either as single mapping or together
with other soil units as complex mapping units. Bome of the units appear on
the map as incorrectly classified. This is due to changes in the approach of
soil moisture regimes.

Selected profiles are given in Annex 2, with analytical results. Other
profiles are available from the Botswana Soil Database.

The proper Soil Unit in the Legend is found by (1) determining the Main Unit
(A, B, C etc.) and (2) classifving the soils according to the FAO sysvem. If
there is more than one Scll Unit with the same classification within the Main
Unit, the one with the applicable description is selected.

The appropriate Soil Unilt can also be selected with the aid of the Key to the
General Scil Legend of Botswana (see Remmelzwaal 1988), which gives an ab-
breviated system of description.

A BOILS ON ALLUVIAL DEPOSITS

Al FAO: Pellic Vertisols (1974)
Pellic Vertisols (1988)
8T ¢ Typic Pellusterts
Descriptlon: Deep to very deep poorly to imperfectly drained wery
dark gray to dark grayish brown clay
Topography: Flat to almost f£lat
ltes Normal to receiving
Representative Proflle: SHOOL
Decurrence: In flood plains and alluvial flats derived from basic
rocks as basalt (Serowe) and dolerite (Shoshong). Locally also in
backswamps along the Limpopo river.
Characteristice: Self mulching heavy clay soll with wide cracks in the
dry season. Top layer of 2-35cm has fine granular structure. Structure
iz moderate to strong prismatic falling apart in angular blocky, often
wadge shaped. Has low to medium gilgai.
Yegetation: Savanna to open savanna with predominantly shrubs. Typical
species: Acacia grandicornubta and A, tenuispina,
Other species: Acacia mellifers, 4A.tortilis, A. nilotica
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FAO: Vertic Cambisols (1974)

Vertic Cambisols (1988)
8T ¢ Vertic Ustochrepts
Description: Deep to very deep imperfectly drained dark grayish brown
sandy clayloam to clay
Topography: Flat to gently undulating
Site: Normal to receiving
Occurrence: In floodplains and alluvial flats mainly derived from basic
rocks. Occurs as transitional soil between Vertisols and other Cambi-
sols
Characteristics: Strong cracking in top soil or upper B horizon occurs
in dry season. Structure is moderate subangular to angular blocking
(not: wedge shaped).Slickensides may occur, but are not intersecting.
Vegetation: Savanna tc open savanna with Acacia karrco, A. tortilis,
A. nilotica, A. mellifera etc.

FAQ: Calcaric Cambisols (1974)

Calcaric Cambisols (1988)
8T ¢ Typic Ustochrepts
Description: Moderately deep to very deep imperfectly to moderately
well drained dark grayish brown to brown sandy loams to sandy clay
Topography: Flat to gently undulating
S8ite: Normal to receiving
Oceurrence: A4 and A4b are frequently occurring in valleys in all areas
in association with Calcic Luvisols (A9) and Orthic Luvisols (AL4,15)
and also Vertisols. The other units are minor, mainly in Serowe area.

Characteristice: There is a very large variety of textures and
appearance of lime (nodules, soft powdery, petrocalcic or in

the matrix).

Vegetatlon: The vegetation type ranges from riverine woodland to
savanna and open shrub savanna. Most occurring species are Acacla spp.
such as A. tortilis, A. karroo, A. galpinii, A. mellifera, A, albida.

FAQ: Calcic Cambisols (1974)

Haplic Calcisols (1988)
8T : Typic Ustochrepts
Description: Deep to very deep imperfectly drained massive gray to
grayish brown sandy clayloam to clay, strongly calcareocus within 50cm
Topography: Flat to almost flat
Site: Normal to receiving

FAQ: Calcic Cambisols

Haplic Calcisols (1988)
8T ¢ Typic Ustochrepts
Description: Moderately deep to very deep imperfectly to moderately
well drained dark gravish brown to brown clavleoam to clay
Topographys Flat to gently undulating
Site: Normal to receiving




Ado

Abd

ASb

Ab

FAO: Calcic Cambisols{1974)
Haplic Calcisols(1988)
8T ¢ Typic Ustochrepts
Descrlption: Moderately deep to very deep moderately well drained
grayish brown to brown sandy loams to sandy clayloam.
Topography: Flat to gently undulating
5ites Normal to receiving

FAO: Calcic Cambisols, petrocalcic (1974)
Petric Calcisols (1988)
8T ¢ Petrocalcic Ustochrepts
Description:s As Ada/A4bJAb4c, but with petrocalcic horizon
Topography: Flat to gently undulating
Sites Normal to receiving

FAO: Orthic Solonetz (1974)

Haplic Solonetz (1988)
8T ¢ Typic/Mollic Natrustalfs
Description: Deep to very deep imperfectly to moderately well drained
dark gravish brown to strong brown sandy clayloam to clay
Topography: Flat to gently undulating
Slte:r (Slightly) receiving
Representative Profiles SH 14
Ococurrence: Minor occurrence in alluvial depressions in plains mostly
associated with granite/gneiss of the basement complex.
Characteristice: Ochric and/or albic horizon overlying prismatic or
columnar natric B horizon with continuous grayish clay cutans.
Vegetation: Savanna with mainly Acacia spp such as A, karroo, A.
nilotica, A, mellifera, A nigrescens, A. erubesgcens.

FAO: Solodic Planasols{1974)

Albic-Abrupti-Stagnic Solonetz (1988)
87 ¢ Typic Natrustalfs
Representative Profile: M330
Description: Deep to very deep poorly to imperfectly drained dark
gravish brown to dark yellowish brown sandy clay to clay.
Topography: Flat to almost flat
Sites (S8lightly) receiving
Represantative Profile: M330
Oecurrence: Minor on gentle alluvial slopes of hills and escarpments on
granite. Transitional to Planosols on granite (G153). 1In assoclation
with Calcic Luvisols.
Characteristics: Sandy albic horizon abruptly overlying clayey natric or
argillic, often having interfingering of albic material into B horizon.
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FAO: Gleyic Luvisols, partly sodic (1874)
Stagnic Luvisols (1988)

5T ¢ Typic/aeric/Mollic Ochraqualfs

Description: Deep to very deep poorly to imperfectly drained dark gray

to grayish brown sandy clayloam to clay

Topography: Flat

Site: (Slightly) receiving

Occurrence Minor unit in lower parts of alluvial flats, e.g. south of

Serowe, in association with Orthic Luvisols (Al4).

Characteristice: Moderately structured with mostly weakly developed

argillic horizon.

Vegetation: Dense Colophospermum mopane shrub savanna.

FAO: Vertic Luvisols {1974)

Vertic Luvisols (1988)
8T : Vertic Haplustalfs
Description: Deep to very deep imperfectly to moderately well
drained dark grayish brown to reddish brown sandy clayloam to clay
Topographys Flat to gently undulating
Site: Normal to receiving
Occurrence: Very minor as transitional soll between Vertisols and
Chromic or Calcic Luvisols. e.g. in Shoshong area.

FAO: Calcic Luvisols (1974)
Calcic Luvisols (1988)
8T ¢ Typic Haplustalfs

Description: Deep to very deep imperfectly to moderately well drained
dark grayish brown to yellowish brown sandy clayloam to clay
Topography: Flat to gently undulating

Site: Normal to slightly receiving

Representative Profile: MC 65

Qccurrence: Very common soils occurring in depressional areas and on
the lower valley slopes or lower terraces as along the Limpopo. In
association with a variety of other alluvial soils: Calcic Cambisols
(A4b/dy, Chromic and Orthic Luvisols (A13,14) and €5 with shallow
calcrete.

Characteristlice: Varies in texure (A9a sandy top), sodicity (A9c),
colour (AL0) and depth of calcic or petrocalcic horizon (A%b). Soil
structure also varies from moderately prismatic to almost massive,
Vegetation: Shrub ssvanna or savanna with a strong shrub component
Predominant species Acacia mellifera, with A, tortilis, A. nilotica,
Combretum imberbe, Grewia flava. In the north also Colophospermum
mopane, and riverine woodland with A. albida along the Limpopo.
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Abag FAD: Arenic Calcic Luvisols (1974)
Arenic-Calcic Luvisols (1988)
8T ¢+ Arenic Haplustalfs
Descriptions Moderately deep to very deep imperfectly to moderately well
drained dark grayish brown to strong brown sandy loams to sandy clayloam
Topography: Flat to gently undulating
Site: Normal to slightly receiving

ASb FAO: Calcic Luvisols,petrocaleic({l974)
Petri-Calcic Luvisols (1988)
8T & Petrocalcic Paleustalf
Description: As A9, but with petrocalcic horizon
Topography: Flat to gently undulating
Site: Normal to slightly receiving

ASc FAO: Calcic Luvisols, sodic, saline (1974)
Calcic Luvisols, Sodi-Calcic Luvisols (1988)
8T ¢ Typic Haplustalfs
Descriptions Deep to very deep imperfectly drained dark grayish brown
sandy clay loam to clay.
Topography: Flat
Site: Normal to slightly receiving

ALD FAOs Chromic Calcic Luvisols, partly petrocalcic (1974)
Chromic-Calcic Luvisols (1989)
8T ¢ Typic Haplustalfs
Description: Deep to very deep moderately well drained strong brown
to yellowish red sandy loams to sandy clavlicam
Topography: Flat to gently undulating
Sites Normal to slightly receiving

ALl FAO: Ferric Luvisols {(1974)

Haplic/Perric Lixisols (1988)
8T ¢ Kanhaplic Haplustalfs, Kandic Paleustalfs, Kandic Rhodustalfs
Description: Moderately deep to very deep moderately well to well
drained red to strong brown sandy loams to sandy clay
Topography: Flat to gently undulating
Sltes Normal to slightly receiving
Representative Profiles PS10, MCS59,
Ovcurrence: Most common soil on alluvium, especially on the older
alluvial flats and terraces associated with groups of hills of
sedimentary rock such as Tswapong, Mokware, Botepitepi, Borotsi.
Found in association with Chromic, Orthic and Caleic Luvi
{(A13,14 10). Arvenic Ferrvic Luvisols occur in the more sand
ag in the valleys of the sandveld transition,
Characterieites: Weakly developed structure and often hard
gsistence. On basis of CEC clay values very gradual transiti
Chromic Luvisols. Commonly occurring with petric phase on ironstone
{(Alla) or with sandy top {(ALZ).

rhed.
{Palap owe )
and Bos slbitrunca in

Colophospermun mopane savanna in the
areas, savanna with predominatly A,
the southern areas,
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FAO: Ferric Luvisols (1974)
Ferric/Haplic Lixisols (1988)
8T ¢ Kanhaplic/Petroferric Haplustalfs
Description: Moderately deep to deep moderately well drained red to
brown sandy loams to sandy clayloam
Topographys:s Flat to gently undulating
Site: Normal
Representative Profile: MCH58

FAO: Arenic Ferric Luvisols (1974)
Areni-Haplic/Ferric Luvisols (1988)
8T ¢ Arenic Kanhaplic Haplustalfs
Description: Moderately deep to deep moderately well drained brown to
yellowish red sandy loams
Topography: Almost flat to gently undulating
Site: Normal to slightly receiving

FAO: Chromic Luvisols (1974)
Chromic Luvisols (1988)
ST ¢ Typic/Ultic Haplustalfs, Typic Rhodustalfs

Description: Moderately deep to deep moderately well to well drained
strong brown to dark red sandy loams to sandy clayloam

Topography: Almost flat to gently undulating

Sites normal to slightly receiving ‘

Occurrence: Very common in al alluvial flats and valleys with moderate
drainage. Also Limpopo terraces. 1In association with Ferric Luvisols
(A11), Butric Nitosols (Al6, 16a) and Chromic Calcic Luvisols (ALO)
Characteristicss Moderate to good soil structure for Al3 if not transit-
ional to Ferric Luvisols with relatively low CEC clay. Massive ruct-
ure for Al3a with minor occurrence. Locally with petric phase (Al3D)
Vegetatlion: Mostly cultivated but has Colophospermum mopane savanna in
the northern parts and Acacia savanna in the southern parts ( A.tort-
ilis, A, karroo, A. nilotica, A, galpinii a.o0). Along Limpopo riverine
woodland with Acacia albida and A. karroo.

FAD: Chromic Luvisols (1974)
Chromic Luvisols (1988)
8T ¢ Typic/Ultic Haplustalfs, Typic Rhodustalfs
Description: Moderately deep to deep moderately well drained strong
brown to dark red massive sandy clayloam to sandy clay
Topography: Flat to gently undulating
Sites Normal to slightly receiving

FAQ: Chromic Luvisols (1874)
Chromic Luwisols (1988)
8T ¢+ Typic/Ultic Haplustalfs, Typic Rhodustalfs
Description: Modervately deep to deep well drained strong brown to
red sandy loam to sandy clayloam
Topography: Flat to gently undulating
Glte: Normal
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FAO: Orthic Luvisols (1974)
Haplic Luvisols (1988)
8T + Typic/Ultic Haplustalfs

Description: Moderately deep to very deep moderately well to well
drained dark brown to vellowish brown sandy loams to sandy clay
Topography: Flat to gently undulating

Site: Normal to slightly receiving

Oceurrencer Common in all areas, mainly in valleys or the somewhat less
well drained alluvial flats or terraces, with Ferric and Chromic
Luvisols on the somewhat higher parts. Arenic Orthic Luvisols (Al5) are
typical for the valleys in the sandveld area.

Cheracteristics: Mostly weak structure and hard consistence with often
poorly developed argillic horizon (transitional to cambic)

Vegetation: Variable vegetation with Colophospermum mopane predominant
in the north and Acacia spp in the south.

FaAQ: Orthic Luvisols (1974)
Haplic Luvisols (1988)
8T : Aguic Haplustalfs
Description: As Al4, but imperfectly to moderately well drained very
dark gray to grayish brown
Topography: Flat to gently undulating
Slte: normal to slightly receiving

FAO: Arenic Orthic Luvisols (1974)
Areni~Haplic Luvisols (1988)
8T 5+ Arenic Haplustalfs
Description: Moderately deep to very deep well drained pale brown
to yellowish brown sandy loams to sandy clayloam
Topography: Flat to gently undulating
Bite: Normal to slightly receiving

FAO: Arenic Orthic Luvisols (1974)
Areni-~-Haplic Luvisols (1988)
8T ¢  Aguic Arenic Haplustalfs
Description: as AlS, but imperfectly to moderately well drained
very dark gray to grayish brown
Topography: Flat

FAO: Eutric Nitosols (1974)
Fale-~-Chromic Luvisols (1988)
8T 3 Typic/Rhodic Paleustalfs
Descriptlion: Very deep moderately well to well drained strong brown
to dark red sandy loams to sandy clayloam
Topography: Almost flat to gently undulating
Sites: Normal to slightly receiving
Representatlive Profiles S0001
Oecurrence: Common in all areas, occurrence similar to Chromic Luvisols
(AL3)
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Characteristics: As Al3 but soil with well developed argillic horizon
deeper than 150 cm. Al6a has a calcic horizon, is mostly also strongly
calcareous in the top and has often a dark gray sedimentary toplayer.
Al6a has a sandy top.

Vegetatlon: As AL3

FAQ: Calcic Eutric Nitosols (1974)
Chromi-Calcic Luvisols (1988)
8T ¢ Typic/Calciorthidic Paleustalfs
Description: Very deep imperfectly to moderately well drained dark
brown to dark red sandy clayloam to sandy clay
Topography: Flat to almost flat
Site: Normal to slightly receiving

BAO: Arenic Butric Nitogols (1974)
Pale-Areni-Chromic Luvisols (1988)
8T ¢ Arenic (Rhodic) Paleustalfs
Description: Very deep well drained reddish yellow to red sandy loams
to siltloam
Topography: Gently undulating (terraces),
Site: Normal

FAG: Arenic Dystric Nitosols (1974)
Areni-Halpic Alisols (1988)
8T : Arenic Paleustults

Description: Very deep well drained reddish yellow to red sandy loams
Topography: Almost flat to gently undulating

Site: Normal

Occurrence: Very minor

FAQ: Ferric Acrisols (1974)
Haplic/Ferric Acrisols (1988)
8T ¢ Ranhaplic Haplustults

Description: Moderately deep to deep moderately well to well drained
strong brown to red sandy loams to sandy clayloam

Topography: Gently undulating

Sites: Normal

Occurrence: Very minor

FAQ: Ferralic Arenosols{(1974)
Ferralic/Luvic Arenocsols (1988
8T ¢« Typic Ustipsamments
Description: Deep to very deep well to somewhat excessively drained
yellowish brown to dark red sands to lLoamy sands
Topography: Flat to gently undulating
§lte: Normal
Ocourrence: Very minor




A228 FAO: Cambic Arenosols (1974)

A24n

A30

A33

Cambic/Luvic Arenosols (1988)
8T ¢ Ustic Torripsamments
Description: Deep to very deep well to somewhat excessively drained
dark brown to yellowish red sands to loamy sands
Topography: ¥Flat to gently undulating {(levees)
Site: Normal
Representative Profilles: BS100
Occurrences On sandy natural levees of Limpopo tributaries, mainly the
Thune river ( mapped as A22)
Characteristics: Sands to loamy sands with very gradual clay increase.
Have relatively high CEC and organic carbon levels. Difference between
A22 and 22a is colour only. Transitional to Haplic Xerosols, A39, and
Chromic and Eutric Cambisols (ustic) A33
Vegetation: Savanna with Combretum imberbe and Acacia tortilis.

FAO: Arenic Butric Fluvisols (1974)
Gleyic Arenosols (1988)
8T : Typic/Mollic Psammaquents
Description: Very deep poorly drained white to dark grayish brown sands
to loamy sands
Topography: Flat (Channels)
Site: Receiving
Occurrence: Minor unit mostly in northern channels and sandy riverbeds,
liable to annual flooding.
Characteristics: Recent channel deposits without any soil formation
Vegetation: None

FAQ: Calcic Gleysols (1974)
Stagnic Calcisols (1988)
8T : Mollic/Aeric Haplaquepts

Description: Deep to very deep poorly to imperfectly drained very dark
gray sandy clay to clay

Topography: Flat

Sites (Slightly) receiving

Qceourrence: Very minor

FAD: TFutric Cambisols (1974)

Eutric Cambisols (1988)
§1 1+ Typic Ustochrepts
Description: Very deep well drained dark brown to brown sandy loam
Topography: Gently undulating (natural levees)
Site: Normal
Qecurrence: On natural levees of Limpopo and tributaries, mainly Thune
river. In the aridic zone, A33 should have been mapped and classified
as Haplic Xerosols, A3S.
Characteristica: Includes transition to Chromic Cambisols with more
reddish colour.
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A39

FAOQ: Luvic Xerosols (1974)

Chromic/Orthic Luvisols(1988)
ST ¢ Ustalfic Haplargids
Description: Deep to very deep moderately well to well drained dark
yellowish brown to dark reddish brown sandy loams to sandy clayloam
Topography: Flat to gently undulating
Site: Normal
Occurrences On natural levees and terraces of the Limpopo. In
association with Haplic Xerosols, A39 (Eutric Cambisols A33) and sandier
AZ22a Cambic Arenosols on the levees and Calcic and Luvic Xerosols in
backswamps .
Characteristics: Very deep mostly reddish fine to medium sandy loams
with relatively high CEC.
Vegetation: Riverine woodland or savanna, mostly disturbed or under
cultivation.

FAO: Haplic Xerosols (1974)

Chromic/Eutric Cambisols (1988)
ST : Ustochreptic Camborthids
Description: Deep moderately well to well drained brown to reddish
vellow sandy loams to sandy clay
Topography: Flat to gently undulating
Site: Normal
Ocvcurrence: On levees and tervaces of the Limpopo system. On the map
represented by, A33 Eutric Cambisols, which are mostly within the
aridic zone.
Charscteristics: The levee soils are sandy and very deep, the terrace
soils mostly more clayey and less deep.
Vegetation: Savanna or open savanna with variable species as Colophos-
permum mopane, Boscia albitrunca, Acacia tortilis, Zizipbus mucronata.

B BOILS ON BASIC IGNEQUS AND METAMORPHIC ROCKS

Bl

FAQO:s Eutric Regosols, lithic (1974)

Eutric Leptosols, Eutric Regosols, (1988)
8T ¢ Lithic Ustorthents
Description: Very shallow to shallow well to somewhat excessively
drained reddish brown to dark brown sandy loams to clayloam
Topography: Undulating to hilly
Site: Shedding
Occurrences In the Serowe/Mmashoro and Bobonong eroded basalt areas
and Shoshong dolerite hills. Calcaric Regosols Blb hardly occur in the
Serowe area, but are very common in the Bobonong area.
Characteristics: Shallow to very shallow soils, very often with a lithic
phase or otherwise gravel within 50cm, but mostly within Z5cm. The lime
often occurs as soft coatings on the weathered basalt,
Vegetatlon: In the Serowe area disturbed Acacia type savanna, in
Bobonong Colophospermum mopane shrub savanna, and on the Shoshong
dolerite hills open tree savanna with Commiphora africana, Kirkea
acuminata and Sclerocarya caffra. The latter species also occur on the
basalt near Mmashoro.
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FAU: Calcaric Regosols, lithic, shallow petric (1974)
Calcaric Regosols, Calcaric Leptosols (1988)

8T ¢ Lithic/Typic Ustorthents

Degcription: As Bl, but calcareous

FAO: Chromic Luvisocls, petric, partly lithic (1974)

Chromic Luvisols, Rhodi-Chromic Luvisols (1988)
5T ¢ Typic/Ultic/{Lithic Haplustalfs, Typic/Lithic Rhodustalfs
Description: Shallow to moderately deep well drained red to strong
brown sandy loams to clayloam (dolerite/diabase mainly)
Topography: Almost flat to rolling
Site: (Slightly) shedding
Occurrence: Fairly minor and scattered occurrence on mainly diabase
and dolerite intrusives, e.g. at the Mokwane hills, N and S of Shoshong
hills and in the southern Limpopo valley. In places in complex with
shallow Eutric Regosols. (B1).
Characteristics: Similar soils apart from soil depth and occurrence of
mostly weak calcic horizon. The topsoil has often an admixture of aeol-
ian sand. As compared to soils on basalt the soil structure is weakly
developed, textures are more sandy, and CEC values lower.
Vegetation: Savanna or open savanna with a variety of species

FAD: Chromic Luvisols (1974)

Chromic Luvisols, Rhodi-Chromic Luvisols (1988)
8T s Typic/Ultic Haplustalfs, Typic Rhodustalfs
Description: Deep moderately well to well drained red to strong
brown sandy loams to clayloam (dolerite/diabase mainly)
Topography: Almost flat to undulating
Slte: Normal to slightly shedding

FAO: Chromic Calcic Luvisols, partly petric (1974)

Chromi-Calcic Luvisols, Rhodi-Calcic Luvisols (1988)
8T ¢+ Typic Haplustalfs, Typic/Calciorthidic Rhodustalfs
Description: Moderately deep to deep moderately well to well drained
reddish brown to red sandy clayloam (dolerite/diabase mainly)
Topography: Almost flat to undulating,
Site: normal to slightly shedding

FACG: Chromic Luvisols (1974)

Chromic Luvisols (1988)
8T ¢ Typic Haplustalfs
Description: Deep moderately well to well drained reddish brown to
strong brown sandy clayloam to clay (basalt)
Topography: Undulating rolling
Site: (Slightly) shedding
Oeourrence: Serowe and Mmashoro basalt areas, in complex with Calcic
Luvisols B6/6a and Eutric Regosols Bl
Charecterdistice: Especially in unit BSa argillic borizons, weakly
developed above rock or weathered rock that occurs within 75cm. BS
mostly has weathered rock at about 1m depth.
Vegetations Savanna with Acacia tortilis, A.nigrescens. Often disturbed.
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B5a FAO: Chromic Luvisols, petric, partly lithic (1974)
' Chromic Luvisols (1988)
8T :+ Typic/Lithic Haplustalfs
Description: Shallow to moderately deep well drained reddish brown
to strong brown sandy clayloam to sandy clay (basalt)
Topography: Undulating to rolling,
Site: (Slightly) shedding

B6& FAO: Calcic Luvisols (1974)
Calcic Luvisols (1988)

8T :+ Typic Haplustalfs
Description: Deep moderately well to well drained dark brown to
reddish brown sandy clayloam to clay (basalt)
Topography: Undulating to rolling
Sites (Slightly) shedding
Representative Profiles § 0005
Occurrences Serowe and Mmashoro basalt areas, in complex with Chromic
Luvisols B5/5a and Butric Regosols Bl., Also quite extensive in Lephepe
area in association with shallow soils on calcrete (C unit).
Characteristics: Unit B6 mostly has weathered rock or gravel at about
im from the surface, B6a normally within 75cm or has even rock within
50 cm. Calcic horizons have formed in the C horizon and are mostly
weakly developed in the Serowe area but strongly in the Lephepe area.
Vegetation: Savanna with Acacia tortilis, A, nigrescens, Ziziphus
mucronata. Often disturbed.

Bb6a FAO: Calcic Luvisols, petric partly lithic (1974)
Calcic Luvisols, Luvic Calcisols (1988)
8T : Typic/Lithic Haplustalfs,.
Description: Shallow to moderately deep well drained dar% brown to
reddish brown clayloam to clay (basalt)
Topography: Undulating to rolling
Site: (Slightly) shedding

Béc FAG: Calcic Luvic Xerosols, petric partly lithic (1974)
Calcic Luvisols, Luvic Calcisols (1988)
8T 5 Typic/Lithic Haplargids
Description: as Béa, but with aridic moisture regime
Occurrence: On basalt in Bobonong area, in complex with Bl/la, Eutric
and Calcaric Regosols and Cla Rendzinas.
Characteristics: Mostly quite shallow soils with weakly developed
argillic horizon. Often strong concentrations of soft powdery lime
in the upper zone of the weathered basalt,
Vegetation: Savanna with Colophospermum mopane.

B7 FAOQ: FButric Nitosols (1974)
{Rhodi-)Pale-Chromic Luvisols (1988
8T ¢ Rhodic/Typic Paleustalfs
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Description: Very deep moderately well to well drained red to yellowish
red sandy clayloam

Topography: Almost flat to undulating

Site: Normal to slightly shedding

Representative Profile: SH 0016

Occurrences Very minor occurrence at colluviated transitions of dolerite
rock outcrops and alluvium. In association with B2-4,

Characteristics: Very deep moderately well structured red soils, often
having a calcic horizon at depth.

Vegetation: Savanna with various species as on unit Bl, also including
Acacia spp.

LC) SOILS ON HIGHLY CALCAREOUS MATERIALS

FAO: Lithosols (1974)

Calci-Lithic Leptosols (1988)
ST ¢+ Lithic Ustorthents
Description: Very shallow (less than 10cm) moderately well to well
drained dark grayish brown to brown loamy sands to clayloam.
Topography: Flat to gently undulating
Site:s Normal to shedding
Qccurrences: Freguently occurring in low position associated with basalt
in the more srid areas, around Lephepe and south of Bobonong (Cla
Rendzinas). In very complex pattern with other € units (C3-4-5).
Elsewhere minor.
Characteristice: Lithosols on massive calcrete (Cl) or shallow soils
with a mollic (Cla) or ochric (Clb) directly on a petrocalcic horizon.
Vegetation: Open savanna or shrub savanna with Combretum imberbe, Acacia
mellifera, A. tortilis, Grewia flava and in the northern areas also
Colophospermum mopane (Bobonong) and north west also Acacia nebrownii
and Catophractes alexandrii.

FAO: Rendzinas, shallow petrocalclc (1974)
Epi~Petri~Rendzic Leptosols (1988)
ST ¢+ Petrocalcic Calciustolls
Description: Very shallow imperfectly to well drained very dark gray
to dark brown loamy sands to clayloam.
Topography: Flat to gently undulating
Site: Normal to shedding
Representative Profile: D 0041

FAO: Calcaric Regosols, shallow petrocalcic (1974)
Petri-Calcaric Leptosols, Epi-Petrocalcic Calcisols (1988)

87 : Lithic Ustorthents, Petrocalcic Ustochrepts, Ustochreptic/
Typic Paleorthids

Description: Very shallow to shallow imperfectly to well drained

very dark gray to brown sandy loams to clayloam

Topography: Flat to gently undulating

Site: Normal to shedding
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C3 PAO: Petrocalcic Arenocsols, shallow petrocalcic (1974)

Areni-Petri-Calcaric Leptosols, Epi-Petri-Calcic Arenosols(1988)

ST : Petrocalcic Ustochrepts, Ustochreptic/Typic Paleorthids

Description: Very shallow to shallow imperfectly to moderately well

drained dark grayish brown to reddish brown sands to loamy sands

Topography: Flat to gently undulating

Site: Normal to slightly receiving

Occurrence: In the transitional zone to the Ralahari, elsewhere minor

on sandstones, e.g. south of Bobonong. Also as overshifted sands on

calcrete. Associated with 812, 13 and Al0,

Characteristics: Abruptly overlying shallow petrocalcic horizon (C3),

or having more gradual increase in carbonates (nodular calcic horizon)

and with depth developing into petrocalcic horizon.

Vegetation: Variable savanna vegetation with Acacia mellifera,

A.luederitzii, A, tortilis a.o.

C3b  PFAO: Calcic Arenosols, partly petrocalcic (1974)

Areni-Calcaric Leptosols, Epi-Hyper-Calcic Arenosols
Petri-Calcic Arenosols (1988)

ST : Typic/Arenic Ustochrepts, Ustochreptic/Typic Calciorthids,
Arenic Petrocalcic Ustochrepts

Description: Moderately deep moderately well to well drained

light grayish brown to dark yellowish brown sands to loamy sands

Topography: Flat to gently undulating,

Site: Normal

C4 ¥AO: Calcic Cambisols, partly petrocalcic (1974)

Hyper-Calcaric Leptosols, Epi-Hypercalci-Haplic Calcisols(1988)
8T :+ Typic/ Petrocalcic Ustochrepts
Description: Shallow to moderately deep imperfectly to well drained
very dark gray to reddish brown sandy loams to clayloam
Topography: Flat to gently undulating
Site: Normal to slightly receiving
Occurrence: Freguently only in Lephepe area, elsewhere minor. OUccurs
on basalt in association with other € unite and B6, minor on other rocks
on lower valley slopes, as associated with G13 Calcic Luvisols, or in
complex with Calcic Luvisols A9-10
Characteristics: Ochric over shallow cambic or argillic which are
often difficult to distinguish and gradual transgrade
Vegetation: Savanna with Combretum imberbe, Acacia mellifers,
A.tortilis, A. karroo.

G5 FAO: Calcic Luvisols, partly petrocalcic (1974)
Hypercalci-Luvi-Petri Calcisols, Hypercalci-Luvic Calcisols(1988)
8T : Petrocalcic Paleustalfs, Typic Haplustalfs
Description: Shallow to moderastely deep moderately well to well
drained dark yellowish brown to yellowish red sandy loams to clayloam
Topography: Flat to gently undulating
Site: Normal to slightly receiving
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FAO: Dystric Regosols, shallow petric, partly lithic (1974}

Dystric Regosols, Dystric Leptosols (1988)
8T s Typic/Lithic Ustorthents
Description: Very shallow to moderately deep well drained yellowish
brown to reddish brown sandy loams to clayloam
Topography: Undulating to hilly
Site: Shedding
Occurrence: Undulating to hilly areas of shale, siltstone, conglomerate
on all sheets. Eutric Regosols, Dla and Dlc most commonly occurring,
as in Palapye area. Dystric Regosols, D1, are mainly found in the south-
ern areas.
Characteristics: Very weakly developed shallow and gravelly. A-C
profiles
Vegetatlon: Shrub and low tree savanna, often dense, with predominant
Combretum apiculatum.

FAO: EButric Regosols, shallow petric, partly lithic (1974)
Eutric Regosols, Eutric Leptosols (1988)

8T ¢ Typic/Lithic Ustorthents

Description: As D1

FAO: Calcaric Regosols, shallow petric, partly lithic (1974)
Calcaric Leptosols, Calcaric Regosols (1988)

8T :+ Typic/Lithic Ustorthents

Description: As D1

FAD: Futric Regosols, petric, partly lithic (1974)

Eutric Regosols, Butric Leptosols (1988)
8T ¢ Typic/Lithic Ustorthents
Description: Very shallow to moderately deep well to moderately well
drained yellowish brown to reddish brown sandy clay to clay
Topography:s Almost flat to undulating
Site: Normal to shedding

FAO: Ferric Luvisols, petric, petroferric (1974)

Haplic Lixisols (1988}
8T : Xanhaplic/Petroferric Haplustults
Description: Moderately deep well drained yellowish red to brown sandy
loams
Topography: Flat to undulating
Bites Normal to slightly recelving
Oceourrences On the Serowe and Lephepe sheets near the sandveld on
gquartzite, feldspatic grit and siltstone, also in the southern part of
the Tuli Block on Karroo sediments.
Characteristicss: Very weak to massive structure and weakly developed
argillic horizons with gradual changes in base saturation. Mostly
having ironstone within 150cm.
Vegetatlon: Shrub savanna with Terminalis sericea and Combretum aplcula-
tum predominant.
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FAO: Ferric Acrisols (1974)
Haplic Acrisols (1988)
8T : Kanhaplic Haplustults
Description: Deep to very deep well drained yellowish red sandy loams
Topography: Flat to undulating
Site: Normal to slightly receiving
Representative Profiles SHO00S

FAQ: Ferric Luvisols, partly petric(1974)

Haplic [Perric Lixisols (1988)
8T ¢ Kanhaplic Paleustalfs
Description: Moderately deep to deep moderately well to well drained
reddish brown to strong brown sandy loams to sandy clayloam
Topography: Flat to gently undulating
Site: Normal to slightly shedding
Occurrence: Most common soils of the D main unit, found on a variety
of Palapye and and karroo sedimentary rock. Most frequently on the
Mahalapye sheet as D5 and D5a, often in complex with D7 and sandy soils
510,11. D5b is a later defined wunit representing the deeper Ferric
soils of D5/5a.
Characteristice: Difficult to distinguish intc Ferric and Chromic
Luvisols as all have wesak structure and CEC clay values in a close
range of 20-30 me/100gr) '
Vegetation: Open savanna to open shrub savanna with Acacia ericloba
A. erubescens, A. nigrescens, Boscia albitrunca, Combretum apiculatum,
Grewia flava.

FAD: Chromic Luvisols (1974)
Chromic Luvisols (1988)
BT ¢ Typic/Ultic Haplustalfs
Description: Deep to very deep moderately well to well drained
reddish yellow to yellowish red sandy loams to sandy clayloam
Topographys Flat to gently undulating
Site: Normal to slightly shedding

FAO: TFerric Luvisols (1974)
Haplic/Ferric Lixisols, Pale-Haplic/Ferric Lixisols (1988)
8T s+ Kanhaplic Paleustalfs, Haplic Paleustalfs
Description: As D5a
Representative Profile: P35 0901

FAQ: VFerric Luvisols, petric{1974)
Haplic/Ferric Lixisols (1988}
8T s Kanhaplic Haplustalfs
Description: Moderately deep moderately well to well drained reddish
brown to yellowish red sandy loams to sandy clayloam
Topography: Undulating to hilly
Site: Shedding
Occurrence: Very minor in association with DI units.
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FAOD: Ferric Luvisols, partly petric, petrofervic {1974)

Ferric/Haplic Lixisols (1988)
8T ¢ Kanhaplic/Petroferric Haplustalfs
Description: Massive moderately deep to very deep moderately well
drained dark brown to yellowish red sandy clay loam to sandy clay
Topography: Flat to gently undulating
Siter Normal
Oceurrence: In a quite scattered pattern on feldspatic grits and sand-
stones, conglomerates and shales e.g. near Moijabana (D7), near the
Segakwane river (D7a), north of Mokware hills of south of Mhalatswe
river near Tuli Block (D7¢). 1In association with mainly D5 and 8 units.
Characteristics: D7 units have generslly a massive (or very weak)
structure with a hard consistence. Gradual transitions exist in base
saturation, CEC clay and colour between the four soil units of D7.
Vegetations: Savanna or shrub savanna with Combretum apiculatum,Acacia
nigrescens, A. erubescens.

FAO: Orthic Luvisols, partly petric(1974)
Haplic Luvisols (1988)
ST : Typic/Ultic Haplustalfs
Descritpion: Massive deep imperfectly to moderately well drained dark
brown to yellowish brown clayloam to sandy clay
Topography: Flat to almost flat
Site: Normal

FAD: Chromic Luvisols (1974)
Rhodi~Chromic Luvisols (1988)
8T ¢+ Typic Rhodustalfs
Description: Massive deep moderately well drained yellowish red to
red clayloam to sandy clay
Topography: Flat to gently undulating
Site: Normal

FAO: Ferric Acrisols, partly petroferric (1974)
Haplic Acrisols (1988)

§T : Kanhaplic/Petroferric Haplustalfs, Kandic/Petroferric Rhodustults
Randic/Petroferric Paleustults

Description: Massive moderately deep to very deep moderately well

drained brown to red sandy clayloam to sandy clay

Topography: Flat to gently undulating

Site: Normal

Representative Profile: MC 37

FAQ: Chromic Luvisols (1974)
{(Rhodi-)Chromic Luvisols (1988)
8T ¢ Typic Rhodustalfs/Haplustalfs

clayloam to sandy clay
Topographys Flat to gently undulating
Site: Normal to slightly shedding
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Decurrence: Minor occurrence in association with other D units,

e.g. near Bobothokhama (D8) and north and north east of Mokware hills
(be, 9a), north east of Serowe.

Characteristics: This group has generally better structure than other
D units, also a higher base status and higher CEC clay. In places
calcic or petrocalcic horizons occur.

Vegetation: Savanna with Acacia nigrescens, A. tortilis, Combretun
imberbe, north of Serowe shrub savanna with Colophospermum mopane.

FAO: Calcic Luvisols (1974)
Calcic Luvisols (1988)
8T : Typic Haplustalfs
Description: Deep moderately well drained reddish brown to dark yellow-
ish brown sandy clayloam to sandy clay
Topography: Flat to gently undulating
Sites Normal to slightly shedding

FACQ: Calcic Luvisols,petrocalcic (1974)
Petric~Calecic Luviscls (1988)

8T ¢ Petrocalcic Paleustalfs

Description: As D9, but with petrocalcic horizon

FAO: Futric Nitosols (1974
Rhodi~Chromic Luvisols (1988)
8T + Rhodic Paleustalfs
Description: Very deep moderately well to well drained red sandy loams
to sandy clayloam
Topography: Flat to gently undulating
8ites normal to slightly shedding

SOILS ON ACID IGNEOUS AND METAMORPHIC ROCKS

FAC: Dystric Regosols, lithic (1974}

Dystric Leptosols, Dystric Regosols (1988)
8T ¢ Lithic Ustorthents
Description: Very shallow to shallow moderately well to somewhat
excessively drained grayish brown to yellowish red coarse sands to
coarse sandy loams
Topography: Undulating to hilly
S8ite: Shedding
Oecurrence: Extensive on the most
complex with rock outcrops and hills
Cheracteristics: Very shallow to shallow g
contact within 30 cm. Transitional to
Glbh/cld and 28
Vegpetation: ng or shrub savanna with
apiculatum, Croton gratiseimus,
A. erubescens In the north Colophos
the less aci i

e oo ey
PLBLOE,

nils with a

deeper Regosols




Gla FAO: Eutric Regosols,lithic (1974)
Butric Leptosols , Eutric Regosols (1988)
8T ¢ Lithic Ustorthents
Description: As G1

Gle FAO: Lithosols (1874)
Lithic Leptosols (1988)
8T : Lithic Ustorthents
Description: Very shallow well to somewhat excessively drained grayish
brown to brown coarse sands to loamy coarse sands
Topography: Undulating
Site: Shedding

Glb  PFAO: Dystric Regosols, shallow petric (1974)
Dystric Regosols (1988)

8T ¢ Typic Ustorthents
Description: Moderately deep moderately well to well drained dark
grayish brown to reddish brown coarse sands to coarse loamy sands.
Topography: Almost flat to rolling
Slte: (Slightly) shedding
Occurrences Extensive on the more ercded and steeper parts of the
interfluves, but also on relative flat parts of plains, as west of
Mahalapye. In complex with shallower Regosols G1,la and moderately
deep Regosols and Luvisols of the G2 and G6 units.
Characteristics: Shallow petric or petroferric phase within 50 cm
from the surface. Very poor soil horizon development.
Vegetation: As Gl

Gle  FAO: Eutric Regosols, shallow petric (1974)
Eutric Regosols (1988)
8T ¢ Typic Ustorthents
Description: As G1b

Gld FAO: Calcaric Regosols, shallow petric (1974)
Calcaric Regosols (1988)
8T ¢+ Typic Ustorthents
Description: As Glb

G2 FAO: Dystric Regosols, petric, partly petroferric (1974)
Dystric Regosols (1988)
8T 2 Typic Ustorthents
Descriptions Moderately deep to deep moderately well to well drained
dark grayish brown to reddish brown coarse loamy sands. Petric or
petroferric within 75cm
Topography: Almost flat to undulating
8ite: Shedding to normal.
Representative Profiles: M201



Jeourrences Very extensively occurring with ustic or ustic to aridic
moisture regime, on moderately to strongly eroded interfluves.

Dystric and Eutric Regosols and Ferric and Chromic Luvisols occur in
close complex, also with deeper Luvisols and Acrisols (G5,6,6a,8).
Characteristice: Moderately deep soils with petric or petroferric
phase occurring between 40 and 75cm below the surface. Transitions
between Regosols, Cambisols (minor) and Luvisols are wvery gradual.
Argillic horizons are often weakly developed with marginal clay increase
and poor structure.

Vegetations Savanna to low tree and shrub savanna with Combretum
apiculatum (on the poorer and more acid soils) and Ascacia nigrescens
{on the somewhat better soils) as predominant species. On the more
alkaline soils in the north Colosphospermum mopane replaces Combretum.

G2s  FAO: Putric Regosols, petric (1974)
Butric Regosols (1988)
87 ¢« Typic Ustorthents
Description: As GZ. Petric within 73 cm.

G2b FAO: Ferralic Cambisols, petric (1974)
Ferralic Cambisols (1988)
8T : Typic Ustochrepts
Description: Moderately deep to deep moderately well to well drained
brown to vellowish red coarse sandy loams. Petric within 75cm
Topography: Almost flat to undulating.
Site: Shedding to normal

Gic FAO: Chromic Luvisols, shallow petric, petric (1974)
Chromic Luvisols, Rhodi~Chromic Luwvisols (1988)
ST ¢+ Typic/Ultic Haplustalfs, Typic Rhodustalfs
Descrliptions Moderately deep moderately well to well drained strong
brown to red coarse sandy loams to sandy clayloam. Petric within 75cm.
Topography: Almost flat to undualting
8lte: Shedding to normal

Gad FAD: Ferric Luvisols, shallow petric, petric, petroferric (1974)
Ferric/Haplic Lixisols , Rhodi-Ferric Lixisols{1988)
5T ¢ Ranhaplic/Petroferric Haplustalfs, Haplic/Petroferric Rhodustalfs
Descriptiom: As G2c, but grayish brown to red. Petric or petroferrvic
within 75cm
Representative Profile: MY01L

Gle FAO: Luvic Xerosols, shallow petric, petric, petroferric (1874)
Chromic/Haplic/Ferric Luvisols (1988)

8T ¢ Ustalfic Haplargids
Description: As G2c¢/G2d, but with aridic moisture regime. FPetric or
petroferric within 75 om.
Occurrences Very extensively on the gneiss uplands in the north eastern
part of the Palapye Sheet, where the soil molsture regime is aridic
ustic fo aridic. Occurs in complex with Eutric Regosols (Gle) and
deeper Luvic Xerosols (GBhy.
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Characteristics: Very frequent to dominant gravel occurs between 40 and
75cm below the surface. The gravel is mainly quartz but iron-manganese
concretions occur. Weathered rock normally occurs within 1m. The soil
structure is weak to massive but the CEC clay 1s relatively high. Tex-
ture of the B horizon is mostly coarse sandy loam.

Vegetatlon: Savanna with tree gpecies Combretum apiculatum, dominant,
Acacia niprescens, Sclerocarva caffra, Kirkia acuminata. Also Colo-
phospermum mopane savanna or shrub savanna.

FAQ: Albic Arenosols, partly petroferric(1974)

Albic Arenosols (1988)
8T ¢ Typic Ustipamments
Description: Moderately deep to deep moderately well drained, brown
to light gray messive coarse sands to loamy ccarse sands
Topography: Flat to gently undulating
Site: Normal to shedding
Occurrence: Irregular occurrence on higher and medium parts of gently
undulating plains. Mostly having petroferric phase. In association
with sandy Ferric Luvisols G6 and Orthic Luvisols G7 and 7a.
Characteristics: Unit G3 has moderately deep albic horizons often with
red mottling, overlying petroferric material with various degrees of
cementation. With loamy texture or on gravel classified as Regosols
(G3a)
Vegetation: Shrub savanna, or open savanna with low trees. Common
species arve Combretum apiculatum, Terminalia sericea, Acacia erubescens.

FAO: Eutric Regosols, partly petric, petroferric (1974)
Eutric Regosols (1988)

8T : Typic Ustorthents

Description: As G3, but coarse sandy loams or gravelly

FAOQ: Ferralic Arenocsols, partly petroferric (1974)

Ferralic Arenosols (1988)
8T : Typic Ustipsamments
Description: Moderately deep to very deep well to somewhat excessively
drained strong brown to yellowish red coarse sands to loamy coarse sands
Topography: Almost flat to gently undulating
Site: Normal to shedding
Representative Profiles: SHE
Ococurrence: General occurrence on the higher slopes or crests of inter-
fluves where soils have been strongly leached (lateral eluviation of
clay), but mostly in complex with shallow Regosols (G2/2a) and sandy
Ferric Luvisols (G2d4, G6&6).
Characteristics: Deep to very deep soils with very poor structure, often
petroferric in deeper subsoil.
Vegetation: Shrub savanna with a wvariety of species such as Acacia
fleckii, A. erubescens, Terminalis sericea, Pelthophorum africanum,
Combretum aplculatum.
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FAOQ: Ferric Acrisols, partly petric, petroferric (1974)

Ferric/Haplic Acrisols, Ferric Alisols (1988)
8T ¢ Kanhaplic/Petroferric Haplustults, Kandic/Petroferric

Rhodustults '
Description: Moderately deep to deep moderately well to well drained
yvellowish red to dark vellowish brown coarse sandy loams to sandy clay
Topography: Almost flat to undulating
Sites Normal to shedding
Eepresentative Profile: TS5
Qceurrence: Common in the ustic areas as near Mahalapye and Tuli block,
gven in the transitional zone to aridic. In close association with
Ferric Luvisols (G6, G2d) and Dystric Regosols (G2),
Charscteristics: Structure is very weak to massive and CEC clay values
are low. Acid soils wich very frequently subsoll horizons rich in
sesquinoxide nodules or cemented (petroferric). Very gradual transit-
ions to Ferric Luvisols (G6.6a)
Vegetationy Most typically dense low tree or shrub savanna, with Comb-
retumn apiculatum strongly dominant. Relatively few other species occur,
as Acacis nigrescens, A, erubescens and A. tortilis.

FAO: Arenic Ferric Luvisols, partly petric, petroferric (1974)
Areni-Ferric/Haplic Lixisols, Rhodi-Areni-Ferric/Haplic
Lixisols (1988)

8T :+ Avenic Ranhaplic/Petroferric Haplustalfs,

Arenic Kandic/Petroferric Rhodustalfs

Description: Moderately deep to deep moderately well to well drained

reddish yellow to red loamy coarse sands to coarse sandy loams. Petric/

petroferric not within 75cm

Topography: Almost flat to undulating

Site: Normal to shedding

Representative Proflles: 783

Oceurrence: Very extensive in all areas. Major moderately deep soil

type on the less eroded plains. More typical on gneiss than on granite.

Occur in association with shallower Ferric Luvisols (G2d/f) Chromic

Luvisols (G8), Ferric Acrisols (G5) and Regosols,

Charascterlisticas: Very weak to massive structure and relatively low CEC

clay values. Weathered rock gravel or petroferric horizon mostly occurs

around Im depth, sometimes deeper., Gradual transitions to Chromic

Luvisols GB and ¢9 and Luvic Xerosols G6b and G8a in the arid areas to

the northeast.

Vegetation: Savanna to open savanna, with a predominance of low tr

Combretum spiculatum and Acacias nigrescen - gpecies include

erubescens, Sclerocarve caffra, Albizia

FAD:
Ferric/Haplic Lixisols, Rhodi-Fer
{Bhodi-) Ferric Luvisols (1988}
5T haplic/Petroferric Haplustalfs, Kandic/Petroferric Rhodustalfs

ltic Haplustalfs/Typic Rhodustalfs
PDescription: Moderarely deep to deep mod




Topography: Almost flat to undulating
Bite: Normal to slightly shedding
Representative Profile:s M224

G&b  PAD: Luvic Xerosols, partly petric, petroferric (1974)
(Areni-)Ferric/Haplic Lixisols, Ferric Luvisols

8T ¢ {Avenic) Ustalfic/Typic Haplargids
Description: As G6/6a, but with aridic moisture regime.
Ocvcurrence: Extensive in the northern part of the Basement complex at
the transition ustic-aridic. In complex with Luvic Xerosols (G2e).The
major part mapped as G6b is actually G8a.
Characteristics: Gravel occurs mostly between 75 and 125cm. Soil
structure is weak to very weak but the CEC clay is relatively low in the
argillic B horizon. Has gradual transitions to unit G8a
Vegetations As G8a

G7 FAQ: Orthic Luvisols, petric (1974)
Haplic Luvisols (1988)

87T s Typic/Ultic Haplustalfs
Description: Moderately deep to deep lmperfectly to moderately well
drained brown to dark grayish brown massive coarse sandy loams to
sandy clayloam.
Topography: Flat to gently undulating.
Blte: Normal to slightly receiving
Occurrence: On middle valley slopes in the more eroded plains mainly
between Mahalapye, Kalamare and Mosoletshane, in association with
Ferralic and Albic Arencsols {(upper slopes) and Solodic and Eutric
Planvsols (lower slopes). Elsewhere minor in valleys (west of Palapye)
and associated with Ferric and Orthic Luvisols.
Characteristice: Massive hard gray soils with mostly marginal argillic
horizons, partly with albic horizon or petroferric (G7a). Gradual
transistions to Albic Arenocsols (63) and Orthic Luvisols (Gl0a).
Vegetation: Mostly low open savanna or shrub savanna with species
such as Acacia erubescens, A. robusta, Terminalia sericea, Buclea
undulata.

7n ¥AQ: Ferric Luvisols, petroferric (1874)
Ferric Lixisols, Ferric Luvisols (1988
8% ¢ Petroferric Haplustalfs
Descriptlon: As 67, but with petroferric

TP
o

FAD:  Chromic Luvisols, petric (19747
Chromic Luvisols, B

kKhodi«Chromic Luvisols (1988)
8% ¢ ‘ , Typic Rhodus
Description: Moderately deep to deep moderatsly well to well drained
vellowish red to red coarse sany loams to sandy clayloam, Petric not
within 75cm.

Topopraphy: Almost flat to undulating
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Sites Normal to slightly shedding

Occurrence: Common soil unit on the weakly eroded plains., Occurs in
associastion with other Chromic Luvisols (G2d, G9), Ferric Luvisols

(G6, 6a), and also Ferric Acriscls (G5)

Chavacteristics: Moderately deep soils with weak structures and gravel
or weathered rock occurring between 75 and 100 cm. Has relatively low
CEC clay values with gradual transitions toe Ferric Luvisols.
Vegetation: Savanna with Acacia nigrescens and Combretum apiculatum

FaOs: Luvic Xerosols, partly petric (1974}

Chromic Luviscls, Rhodi-Chromic Luvisols (1988)
8T ¢ Ustalfic/Typic Haplargids
Description: Moderately deep to very deep moderately well to well
drained vellowish red to red coarse sandy loams to sandy clay
Topography: Almost flat to undulating
8ite: normal to slightly shedding
Occurrence: Extensive on the gneiss uplands in the northeastern part of
the Palapye sheet where the soil moisture regime is aridic-ustic and
aridic. Occurs mostly in complex with shallower Luvic Xerosols GZe on
the lower slopes. For the major part mapped as G6b on the Palapye
sheet,
Characteristics: Gravel mostly occurs between 75 and 1Z5cm below the
surface. The soil structure is weak to very weak subangular Dblocky
but the CEC clay is relatively high in the argillic B, which has mostly
sandy clayloam to sandy clay texture. Gradual transitions to similar
G6b.
Yegetation: Shrub or low tree savanna with Combretum apiculatum dominant
on the higher slopes and Colophospermum mopane on the more clavey lower
slopes.

FAQ: Chromic Luvisols (1974)
Chromic Luvisols, Rhodi-Chromic Luvisols (1988)
§T ¢ Typic/Ultic Haplustalfs, Typic Rhodustalfs

Descriptlion: Deep to very deep modertely well to well drained yellowish

red to dark red sandy clayloam to sandy clay

Topopraphy: Almost flat to undulating

8iter Normal to slightly shedding

Representative P | MOoss
3 ; it

15Ccm 5 weal
to 24, thus gradu .
gradual transitions with deeper Eutric Nit
Yegetatlon: Savanna to woodland with predoms 2
subordinate or codominant Combretum apiculatum, O
Acacia tortilis, A. nilotica, A. gerradii, Bclerocarva
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FAOs Chromic Luvisols (1974)

Chromic Luvisols, Rhodi-Chromic Luvisols (1988)
8T ¢ Typic Halpustalfs
Descriptlon: Deep to very deep moderately well drained yellowish red
to strong brown sandy clayloam to clay.
Topography: Almost flat
Slte: Normal to slightly receiving
Occurrence: Common in Mahalapye area especially but also elsewhere in
relatively low or depressional parts of gently undulating plains, mostly
water receiving and never shedding. 610, 10a, 10b occur in close asso-
ciation with each other and occur also with a variety of other soils
such as Gleyic and Calcic Luvisols.
Characteristes:s Structure is weak to massive and the clay content is
relatively high compared to other G unit soils. Minor differences in
CEC clay and colour determine classification as Chromic, Ferric and
Orthic Luvisols,
Vegetation: Savanna to woodland with predominant Acacia nigrescens and
other common species Sclerocarye caffra, Combretum imberbe, A nilotica,
A. gerradii as often occurring. Colophospermum mopane dominant in the
north,

FAO: Orthic Luvisols (1974)
Haplic Luvisols (1988)
8T + Typic Haplustalfs
Description: As G10, but dark brown and imperfectly drained
Topography: Almost flat
Site: Normal to receiving

FAO: Ferric Luvisols (1974)

Ferric Lixisols, Ferric Luvisols (1988)
5T ¢« Kanhaplic Haplustalfs, Typic Haplustalfs
Description: As G10/10a

FACG:; Plinthic Luvisols (1974)

Albic Plinthosols (19883
87T ¢ Plinthustslfs
Description: Deep imperfectly to moderately well drained gray and
red to yellowish red mottled coarse sandy loams to sandy clayloam
Topography: Flat to gently undulating
Siter (Slightly) receiving
Representative Profile: M361
Oceourrence: Minor occurrence in places with water throughflow at
shallow to moderted shallow depth. In relatively low positions of gently
undulating plains in association with Ferric Luvisols (G10b, G7a) and
Glevic Luvisols {(G1l2).
Characteristice: Plinthite characterised by strong prominent gray and
red mottling, the red mottles/nodules being weakly cemented. Weak
developments transitional to ferric properties with many prominent
reddish mottles or sesquioxide nodules.
Vegetatlon: Savanns with Acacia spp. and Combretum apiculatum.
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FAO: Gleyic Luvisols (1974)

Stagnic Luvisols (1988)
8T ¢ Aeric Ochraqualfs
Descriptions Moderately deep to deep poorly to imperfectly drained
dark grayish brown to dark gray coarse sandy loams to clay
Topography: Flat
Site: (Slightly) receiving
Representative Proflles: M362
Oocurrence: Minor occurrence mainly west of Mahalapye in depressions
and lower parts of gently undulating plains. In association with
occassional Plinthic Luvisols (G11) and Orthic and Calcic Luvisols
(G10a, 13a).
Characteristice: Marginal hydromorphic properties. (chromas of 2 with
brownish mottling). Subsoil mostly calcareous (calcic horizon) and/
or having strongly gravelly lavers.
Vegetatlon: Savanna with predominantly Acacia ssp, such as A.tortilis
A. nierescens, A, robusta, A. erubescens.

FAO: Calcic Luvisols (1974)

Calcic Luvisols (1988}
8T ¢ Typic Haplustalfs
Description: Moderately deep to deep imperfectly to well drained dark
grayish brown to dark reddish brown coarse sandy loams to sandy clay.
Topography: Flat to undulating
Site: Normal to slightly receiving
Occurrence: On lower slope positions of vali@y% and depressions.
Common soils, increasingly so towards more arid areas. Occurs in
complex or association with Chromic and Ferric Luvisols (Luvic Xerosols)
also Orthic and Gleyic Luwvisols.
Charscteristics: Having a calcic horizon within 125cm, sometimes only
few soft powdery lime. In subsoil mostly very frequent nodules which
may transgrade into petrocalcic horizon. Petrocalcic horizon also found
with abrupt boundary.
Vegetation: Savanna or woodland with predominatly Agacia piprescens,
also A, mellifera, A, tortilis, A.gerradii, Combretum imberbe, and
Colophospermum mopane.

FAG: Calcic Luvisols, petrocalcic (1874)
Petri~Calcic Luvisols (1988)

5T 3 Petrocalcic Paleustalfs

Descriptiony As G13, but with petrocalcic horizon

Topography: Flat to undulating

Silte: Normal to (slightly) receiving

Representative Profile: MC 901



GLlé FAO: Butric Nitosols (1974)
Pale~Chromic Luvisols (1988)

87 ¢ Bhodic/Typic Paleustalfs

Description: Very deep moderately well to well drained yellowish

red to dark red sandy clayloam to sandy clay

Topography: Almost flat to gently undulating (pediments mainly).

Bite: Normal
Representative Proflle B5H902

Occurrence: Typical on the granite pediments in the Shoshong valley

and minor elsewhere as at Morale (Mahalapye). 1In association with the
slightly shallower Chromic Luvisols, G9.

Characteristics: Very deep (1.5-2.5m) mostly red or yellowish red soils
with weak to moderate structure. Soil material mostly to some extent
alluvial reworked or colluviated but unmixed. Relatively good structure
and high CEC may be due to enrichment by drainage water derived from
dolerite rock.

Vegetation: Savanna to woodland with dominant Acacia nigrescens and sub-
ordinate Combretum apiculatum and other Acacia species {as G9)

G153 FAO: Solodic Planosols (1974)
Albi-Abrupti-Stagnic Sclonetz, Eutric Planosols(1988)
8T ¢ Albic Natragualfs, Aeric/Arenic Albagualfs
Description: Deep to very deep imperfectly drained vellowish brown
to strong brown sandy clay to clay
Topography: Flat to gently undulating
Site: Slightly receiving
Representative Profiless M 295
Oceurrence: On the lower slopes in the dissected granite/gneiss areas,
predominantly in the Kalamare area.
Characteristicse: Coarse sandy albic horizon abruptly overlying clayey
natric or argillic horizon. Exchangeable sodium percentage wvariable
and mostly not very high. Transitional to Butric Planosols and Orthic
Luvisols.
Vegetation: Open savanna with Acacis karroo mostly dominant, with
Combretum imberbe, C. herercgense, A. tortilis.

G186 FAO: Gleyic Solonetz 19874)
Stagnic Solonetz (1988)

8T ¢ Typic Natragualfs
Description: Deep to very deep poorly to imperfectly drained dark gray
to grayish brown sandy clayloam to sandy clay
Topography: Flat to almost flat
Sites (Slightly) recelving
Oecurrences Minor units in valleys and depressions mainly in the
Mahalpye -~ Kalamare area, in assoclation with 615 Solodic Planosols,
Characteristice: Ochric and/or albic horizons overlying prismatic or
columnar natric B horizon with continuous gray clay cutans.
Vegetation: Savanna with mainly Acacia spp (A. karroo, A, nilotica)
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¥ADy Calcic Gleysols, partly sodic (1974)

Celcic Gleysols, Stagnic Calcisols (1988)
8T ¢ Mollic Haplaguepts, Typic Halaguepts, Typic Tropaguepts
Decription: Very deep poorly to imperfectly drained very dark gray to
gray sandy clay to clay
Topography: Flat
Sites Recelving
Oeeurrence: Minor in pans and depressions in the sandveld, in associa-
tion with Butric Arenosols 817 and Petrocalecic Arenosols C3.
Characteristice: Gradual transitions between units depending on drain-
age, texture and depth of calcareous horizons.
Vegetation: Savanna or shrub ssavanna with species as Acacias mellifers,
A.tortilis, Combretum imberbe. Towards north east also A.nebrownii
and Catophractes slexandrii.

FAD: Calcaric Arenosols(1874)

Calcaric Avenosols(1988)
BT ¢ Ustic Quartzipsmments, Ustic Torripsamments
Description: Deep to very deep moderately well to well drained
dark gray to pale brown fine sands to loamy fine sands
Topopraphky:s Almost flat to gently undulsting
Site: Normal

¥AO: Calcic Arenosols, partly sodic (1974)
Calcic Arenosols (1988)
8T ¢ Grossarenic (Ustollic)Calciorthids, Grossarenic
{Aridic) Ustochrepts
Deecription: Deep to very deep moderately well to well drained dark
gray to pale brown fine sands to loamy fine sands. Having a calcic
horizon, calcareous between 0-50cm
Topography: Almost flat to gently undulating
8ite: Normal

B&O: Calcaric Cambisols (1974)

Calcaric Cambiscls (1988)
5T ¢ Typic Ustorthents, Ustollic [Typic Camborthids
Deperiptions Deep to very deep imperfectly to moderately well
drained very dark grayvish brown to brown sandy clayloam to clay.
Topographys: Flat
Sdte: Normal

<
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FAO: Ferralic Arenosols, lithic (1974)

Pervalic Arenosols {1988)
87 & Lithic Ustipsamments, Lithic Quartzipsamments
Description: Very shallow to shallow excessively drained yellowish
brown to yellowlsh red sands and loamy sands,
Topographys Undulating to hilly
Site: Shedding
Oocurrencey On eroded sandstone hills and the Kalshari Scarp in the
Serpwe ares, also south of Bobonong along the Thune river and minor
elsewhere, In complex with deeper sandy soils.
Characteristics: There is mostly a gradual transition from the sand to
the weathered rock which disintegrates into loose sand, as on the Ntane
{Cave) Sandstone. Some other sandstones weather to gravel, hence a
petric phase and classification as Regosol (81b).
Vegetatlon: Savanna or woodland with Croton gratissimus as most typical
gspecies also Qchns pulchra and Pelthophorum safricanum.

Fals  Ferralic Arenosols (1974)
Ferralic Arenosols (1988)
87T ¢ Typic Ustipsamments, Ustic Quartzipsamments
Description: Moderately deep somewhat excessively drained yellowish
to yellowish red or dark reddish brown sands and loamy sands (Llithic
between 50-100cm)
Topography: Undulating to hilly
Sites Shedding

BAD: Avenic Butric Regosols, petric (1974)
Areni-Eutric Regosols (1988)
8T ¢ Typic Ustorthents
Descriptions Shallow to moderately deep somewhat excessively drained
brownish yellow to yellowish red sands and loamy sands
Topography: Undulating to hilly
8ite: Shedding

PAO: TFerralic Avenosols (1974)
Ferralic Arenosols (1988)
8T ¢ Ustic Quartzipsamments, Typlc Ustipsamments

Deacriptlion: Deep to very deep well to somewhat excessively drained
vellowish brown (with chroma of 5 or more) to yellowish red fine and
fine-medium sands

Topography: Flat to undulating

Site: Normal

Bepresentative Proflles: DISOL

Oeourrence: Most common soll unit in Botswana. K83 is the predominant
soll of the Kalahari sandveld in Serowe-Lephepe area in associlatlon
with K816 Dystric Arencsols. On sandstone and rveworked within hard-
veld arves in complex with 85 and 87, Arenic Fervic Luvisols.
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Characteristics: Very weak or single grain loose soll structure. Colours
range from red (83a) to vellowish brown, the boundary colour where the

soil transgrades to Dystric or Mmafsw ﬁt@&mwwin, CEC and clay
percentages are very low (3-3Z), and there is no increase of the

clay content with depth.
Vegetation: Savanna to open shrub savanna with a variety of predominant
hp@atﬁ such as Terminslis sericea, Lonchocarpus mnelsii, Burkes

africana with Ochna ulchrs, Acacia fleckii, Bauhinia petersians,
?@@iap&@xmm africanum as typlcal specles.

FAO: Tervalic Arenosols (1974)
Ferraiic Avenosols (1888)
8T ¢ Typic Ustipsamments, Ustic Quartzipsamments

Descrliptions Deep to very deep somewhat ewxcessively drained brownish
yvellow to reddish brown medium to coarse sands and loamy sands.
Oeecurvence: On medium to coasrse sandstones of the Waterberg and

Karroo Supergroups. Most freguently occurring in south esst Central
District and Kweneng on Waterberg sandstone. Minor in other aress

such as south of Shoshong hills.

Charscteristice: Yellowish and brownish sands, mostly structureles
with low CEC and low clay contents (loamy sands only in places)
Vegetation: Open savanna and shrub savanna with Terminalis sericea,
Combretum apiculatum, Peltophorum africanum.

BAOD: Terrvalic Arencsols (1974)

Luvic Arenosols (1988)
8T ¢ Ustic Quartezipsamments, Typlc Ustipsamments
Descerdption: Deep to very deep well to somewhat excessively drained
vellowish brown to red fine and fine-medium sands to loamy fine sand.
Topographys Flat to undulating
Sites Normal
Represenative Profiles 510 (R8S5), B2 (85)
Occurrences Common in transitional Kalshari sand areas and typlcal on
fine sandstones asg Ntane or Cave Sandstone. In associlation
with 853, 87 and 810, Most freguent in the Serowe and Lephepe -
Dinokwe areas, also south of Bobonong.
Characteristicss A gradual clay increase with depth to 6-10% at 123cm
ﬁepﬁ& “‘3} or have clav lamellae within 125 om (85a8). Structure is
CEC normally less than 4me®/100g.

W@g%@ﬁﬁ‘ 53 but with a more “@X%Ew cation including Scl
CETVA CF Kirkea acuminata, Aca

FAO: Luvic Arenosols (1974
Lamelli-Luvic Arenosols (198

8T ¢ Alfic Quartzipsamments, ALL

Description: as 55, but showing

sccumulation.

67



©3
fe 2

56a

57

&8

FAO: TFerralic Arenosols (1974)
Fervalic/Luvic Arenosols (1988
o

J

8T 5 Ustic Quartzipsamments, Typic Ustipsamments

Description: Deep to very deep somewhat excessively to excessively
drained yellowish brown to red fine and fine-medium sands to loamy

fine sands

Topography: Undulating to rolling (dunes, hills)

SltesShedding to normal

Representative Profiles: 513

Oceurrence: On the steeper (undulating to rolling) watershedding hills
in mainly the Serowe area, and minor at Dinokwe.

Characteristice: Similar to either 83/3a or 55/3%a

Vegetatlons As 53 - 85

FAD: Luvic Arenosols (1974)
Lamelli-Luvic Arenosols (1988)
8T 1+ Alfic Quartzipsamments
Alfic Ustipsamments
Description: As 856, but showing lamellae of clay accumulation

BAD:  Arenic Ferric Luvisols(1974)

Argi-Luvic Arenosols (1988)
ST ¢ Psammentic Kandic (Rhodic) Paleustalfs
Description: Deep to very deep well to somewhat excessively drained
strong brown to red loamy fine and fine-medium sands.
Topography: Flat to undulating
8ite : Normal to shedding
Bepresentative Profile: 5507
Ocourrence: Common as §5, but more on the lower slopes of sand units.
In gssociation with $5 and $10 mainly. 88 occurs only in places on the
Lephepe sheet.
Charscteristice: Very weak argillic horizon with loamy sand texture.
Very weak to weak coarse structure with clay cutans on pedfaces and/or
having clay lamellae. The clay content often still increases below
128cm from the surface.
Vegetation: As S35 but including less specific sandveld species such as
Avacia tortilis, A perrardii.

FAQ: Arenic Ferric Luvisols (1974)

Arpi-Luvic Avenosols (1988)
8T ¢ Psammentic Kandic (Rhodic) Paleustalfs
Description: Deep to very deep somewhat excessively to excessively
drained yellowish red to red loamy fine and fine-medium sands
Topography: Undulating to rolling (dunes, hills)
Slte: Shedding to normal.
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FAOG: Avenic Fervic Acrisols (1974

Dystric-Argi-Luvic Arenosocols (1988)
8T ¢ Psammentic Kandic (Rhodic) Paleustults
Description: Deep to very deep somewhat excessively drained strong
brown to red loamy sands.
Topography: Flat to undulating
Site: Normal
Representative Profile: 811
Ocvcurrence: Fairly minor occurrence on the middle slopes of low hills
on Karroo sandstones (Serowe area), the lower pediment slopes on quart-
zites (south of Morale hills and south east of Dibete). 1In association
with Luvic Arenosols (S5a, 6a), Arenic Ferric Luvisls (87,10) and Ferric
Acrisols D3.
Characteristics: Weakly developed argillic horizon with deep and very
gradual clay increase. S9a has slightly more clay, sandy loam at 125c¢cm
(argic horizon). Clay illuviation lamellae commonly occur.
Vegetation: Low tree or shrub savanna with Terminalis sericea or combr-
tum apiculutam. Subordinate Acacis erioloba, A. fleckii, Dichrostachvs
cineres and Pelthophorum africanum.

FAO: Arenic Ferric Acrisols (1974}
Pale~Areni-Haplic Acrisols (1988)

8Ts Grossarenic Kandic (Rhodic) Paleustults

Degoriptions As SS9, but sandy loams

FAQ: Avenic Ferric Luvisols (1974)

Pale-Areni-Haplic Lixisols (1988)
8T ¢ Grossarenic Kandic (Rhodic) Paleustalfs
Description: Deep to very deep well to somewhat excessively drained
yellowish red to red fine and fine-medium sandy loams
Topography: Flat to undulating
S8ite: Normal to slightly receiving
Occurrence: Common, but mainly around Palapaye, east of Dinokwe and
around Dibete. Mostly in lower slope position (partly water receiving)
of transitional Kalahari sand units or on coarse sedimentary rock. In
asgociation with a variety of other 8§ units. (85,7,9,11) and also
D units (D5,7¢)
Characteristics: Having an argillic horizon (better developed than §7)
with find sandy loam texture in the subhorizon at 125cm depth, which
also qualifies for argic horizon. Often the clay content still increa-
ses below 150cm. Clay lamellae may occur. CEC values are 4me9 or less
in at least the upper part of the argillic horizon.
Vegetation: As S5 and $7 but more often a microphyllous savanna type
with a variable composition including Acacia tortilis, A. erioloba,
A. erubescens, A. gerrardii, A. luederitzii and Combretum apiculatum.
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FAO: Arenic Eutric Nitosols (1974)
Pale-Areni-~-Chromic Luvisols (1988)
8T ¢ Grossarenic (Rhodic) Paleustalfs
Description: Very deep well to somewhat excessively drained red to
brown fine and fine-medium sandy loams
Topography: Flat to undulating
8ites Normal to slightly receiving
Respresentative Profiles: $512
Oocurrences As 510
Charncteristics: Similar to $10 and very difficult to separate from
§10. CEC values are higher than 4 in the argillic/argic horizon
Vegetation: As S10

FAC: Arenic Calcic Luvisols (1974)

Arenic Calcic Luvisols (1988)
8T ¢ (Gross)arenic Paleustalfs/Haplustalfs
Description: Deep to very deep well to somewhat excessively drained
dark grayish brown to yellowish red sandy loams
Topography: Flat to undulating
Site: Normal )
Occurrence: S12 is found mostly in the Serurume valley and adjacent
areas, in complex with C and other 5 units. S512a (mapped as S$12) occurs
north of the Thune river in complex with mainly calcareous and shallow
sandy solls.
Characteristics: The argillic horizon is marginal with a very gradual
clay increase. In lower positions colours are grayish but on slopes
reddish. The calcic horizon occurs irregularly.
Vegetations Variable savanna vegetation with commonly Acacia mellifers
and Combretum imberbe. In northern areas Catophractes alexandrii and
Acacis nebrownii.

FAD: Arenic Luvic Xerosols{1974)

Areni-Calci Luvisols(1988)
8T ¢+ (Gross)arenic {Ustollic) Haplargids
Description: As S12, but aridic moisture regime

¥AO0: Calcic Arenosols (1974)
Calcic Arenosols {(1988)
87 3 CGrossarenic (Ustollic) Calciorthids, Grossarenic (Aridic) Usto-
chrepts, Grossarenic Ustropepts
Descriptlon: Moderately deep to very deep well to somewhat excessively
drained gravish brown to yellowish red sands and lcamy sands
Topography: Flat to undulating
Site: Normal to slightly shedding
Oecurvences Arenosols with a calcic or petrocalcic horizon occur more
frequently in the aress with a more aridic moisture regime, as in the
Thune area or towards the Sandveld but (petrolcalcic horizons occur
also irregularly as relict features. In complex with wvarious § and
units,
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Cheracterietics: The calcic or petrocalcic occurs at any depth between
50 and 125cm below the surface. Colours vary strongly from brownish
to reddish depending on position. There is mostly a gradual clay
increase with depth.

Vegetation: Varies strongly from tree to shrub savanna with diverse
species as Terminalia serices, Acacia mellifere and Combretum imberbe.

§1%s FAD: Petrocalcic Arenosols (19747}
Petri-Calcic Arenosols (1988}
87T ¢ (Gross)arenic (Ustollic) Paleorthids
{Gross)arenic Petrocalcic Ustochrepts
Degcriptiony As 513, but having a petrocalcic horizon

K816 TFAOD: Dystric Arenosols (1974}
Dystric-Haplic Arenosols (1988)
ST ¢ Ustic Quartzipsamment
Descripticn: Deep to very deep somewhat excessively drained dark grayish
brown to light yellowish brown fine and fine-medium sands to loamy fine
sands
Topography: Flat to undulating
Site: Normal
Ooocurrence s Major unit of the flat eastern Kalahari sandveld in as-
sociation with Ferralic Arenosols K83.
Cheracteristice: Pale vellowish single grained loose fine sands with
very low CEC, clay content, and base saturstion.
Vegetation: As KS3 Kalahari part but more often an open shrub savanna.

817 FAG: Dystric Arenosols (1974)
Butri-Haplic Arenosols

8T« Ustic Quartzipsamments, Typic Ustipsamments
Descriptions Deep to very deep well to somewhat excessively
drained dark grayish brown to light vellowish brown fine and fine-
medium sands to loamy find sands, non calcarecus between 50 and
100 cm
Topography: Flat to undulating
Site: Normal
Representative Profile: 86
Qeeurrence: Relatively minor occurrence in lower positions in associa-
tion with mainly 83, 85, 87. 817¢ minor on low ridges.
Characteristics: Grayish to pale yellow fine sands, simple grained or
with very weak structure, low CEC and low clay content.
Vegetation: As 83, but has more often inclusions or patches of
microphyllous savanna with e.g. Acacia erioloba, A. erubescens, A,

817¢ FAOD: Dystric Arenocosols (1974)
Butri~Haplic Arencoscols(1938)
8T Ustic Quartzipsamments, Typic Ustipsamments

Description: as 817/17a, but medium to coarse sand to loamy sands
Topography: Flat to undulating (dunes, beachridges)
Site: Shedding to normal :
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3 PHYSIOGRAPHIC RELATIONSHIPS

3.1 PHYSIOGRAPHIC UNITS

The physiographic units or landscapes as shown on the 1:1 million map (figure
3.1) represent areas which have defined sets of related or associated geomor-
phological and pedological characteristics, The units form a base for the
mapping of soil associations at exploratory (1:1 000 000) scale. Combined
with the agro-climatic zonation (see section 1.2) these units can basically
be considered as broadly defined agro-ecological units. The more precise
suitability assessment as per soil mapping unit is given in Chapter 4.

Most of the physiographic units have characteristic assocations of vegetation
types and speciles, but the vegetation is not further described in this section
as the general relationship with the major soil groupings is already discussed
in section 1.5, and further details are given with the soil unit description
in section 2.3.2.

The physiographic units are defined and briefly described as follows:

1. Flat featureless Kalahari sandveld plateau

Agro-climatic zone 3d4 with ustic to avidic soil moisture repime. See cross
section no 1 (Figure 3.2).

S8pils are very deep acid sands with very low inherent fertility and wvery low
water holding capacity.

2. Flat to gently undulating transition Kalahari sandveld to
hardveld

2A. Ralaharl aeolian sands with subordinate sandy alluvial valleys and
pedimentary rock

Agro-climatic zone 243 and minor 1d3 with wustic to aridic soil moisture
regime.

Predominant Flat Kalsharl sands as unit 1

Minor alluvial valleys have soils which are sandy to loamy, partly calcareous,
and low in inherent fertilitvy
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2B. Serurume upper catchment, flat to gently undulating calcretised alluvial

valleys in association with aeolian sands and subordinate bagalts and
sandstones

Agro-climatic zones 2d3 with ustic to aridic soil moisture regime

{1) Western part with predominant calcrete, alluvium and basalt, and subor-
dinate aeolian sands.

(2) Middle part with predominant aeolian sands and alluvium, and minor
calcrete,

(3} Eastern part with predominant aeoliasn sand and minor alluvium, calcrete
and diabase.

Major aeollan sand plains have very deep neutral to acid sands and loamy sands
with low inherent fertility and low water holding capacity.

Major calcretes, assoclated with alluvium in broad valleys, have soils which
are shallow to moderately deep, strongly alkaline sandy loams to sandy clays,
with low fertility, low water holding capacity and toxicity in the subsoil.

Subordinate basalt, partly calcretised has soils which are shallow to
moderately deep alkaline sandy clayloam to sandy clays, with moderate fer-
tility and moderate water holding capacity.

2C. Lotsane wupper catchment, f£lat to gently unduleting seollsn reworked
sandstones plains with subordinste mized alluvium and minor bassalt and other
rocks.

Agro-climatic zones 2d3 and 143 with ustic and ustic to aridic soil moisture
regime.,
See cross section no 1 (Figure 3.2)

Major aeclisn sand plains have wvery deep, neutral to acid sands and loamy

sands with low inherent fertility and low water holding capacity, but lower
valley slopes are partly water receiving.

Subordinate alluvial wvalleys have soils which are deep neutral to alkaline,
partly calcareous, mixed sandy and clayey, with moderate to high fertility and
medium to high water holding capacity, and are partly water receiving and in
places flooded.

2D, Motloutse upper catchment.

Agro climatic zone 2d3 with ustic to aridic soll moisture regime.
As unit 2C.
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3 Rolling to undulating basalt uplands with associated alluvium
and minor sandstone hills

34, Serowe and Mmashoro basalt hills and scarps with associated alluvial flats
Agro-climatic zones 1d3 ({Serowe) and 2d3 (Mmashoro) with ustic and ustic to
aridic soll moisture regime.

See cross section No 1 (Figure 3.2).

Major basalt hills have soils which are shallow to moderately deep, alkaline
sandy clayloam to sandy clays, partly calcareous with high inherent fertility
and low to moderate waterholding capacity.

Major alluvial flats have, depending on sand influx, soils which are very
deep, neutral to alkaline, loamy to clayey with moderate to high fertility and
high water holding capacity, in part water receiving, and in part having poor
physical properties.

3B. Bobonong undulating eroded basalt plain with minor sandstones
Agro-climatic zone 4b3 with aridic soil moisture regime.

Predominant basalt plain has soils which are shallow strongly calcareous sandy
clayloam with high fertility and low waterholding capacity.

4. Shoshong dolerite hills with associated alluvium and pediments
on granite, minor other rocks

Agro-climatic zone 1d3 with ustic soil moisture regime.
See cross section No 2 (Figure 3.3).

Major steep and flat topped dolerite hills have soils which are very shallow
with high inherent fertility and low water holding capacity.

Major very gently sloping pediments on granite have soils which are deep to
very deep, neutral to slightly acid, sandy clayloam, with moderate fertility
and moderate to high water holding capacity, in part on other rock acid and
sandy.

Subordinate alluvial £lats and wvalleys have very deep slightly alkaline to
alkaline sandy clayloam to clays, with high fertility and moderate to high
water holding capacity, in part with poor physical properties, and in part
water receiving and also flooded.

5. Uplands of the gneiss-~granite Basement Complex

54, Strongly dissected upper Mhalatswe catchment
Agro-climatic zone 1d3 with ustic soil moisture regime.
See cross section No 3 (Figure 3.4).

Soils are shallow to moderately deep, neutral to acid, sandy to loamy on the

eroded crests and upper slopes, and moderately deep to deep, alkaline, partly
calcareous, sandy clayloam on the lower slopes with poor physical properties.
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5%, Plat to gently undulating Mahalspye pediments and associsted upland
depresslions

Agro-climatic zone 1d3 with ustic soil moisture regime.

See cross section No 4 (Figure 3.5)

Ma jor pediments (minor on other rock) have soils which are deep to very deep
slightly acld to acid, coarse sandy loams to sandy clayloam, with low to
moderate fertility and moderate water holding capacity.

Subordinate depressions have soils which are moderately deep to deep neutral
to alkaline sandy clayloam to sandy clays, in part water receiving.

5¢. Gently undulating to almost flat upland plains with subordinate eroded
valleys

Agro-climatic zones 2d3 with ustic to aridic soil moisture regime.

See cross section No 6 (Figure 3.7).

Spils are shallow to deep neutral to acid coarse sandy loam to clayloam with
moderate to low fertility and moderate to low water holding capacity.

5D. Undulating moderately dissected gneiss upland plains with eroded valley

gides and minor valley bottoms

(1) Western part, agro-climatic zone 2d3 with ustic to aridic soil moisture
regime.

{2) Central part, agro-climatic zone 3b4 with aridic to ustic soil moisture
regime.

(3) Eastern part, agro-climatic zone 4b3 with aridic soil moisture regime

See cross section No 8 (Figure 3.9)

Predominant plein with valley sides have soils which are shallow to moderately
deep, slightly acid to slightly alkaline, coarse sandy loams to sandy clayloam
with low to moderate fertility and low to moderate water holding capacity.
Valley bottoms have soils which are moderately deep to deep neutral to
alkaline, psrtly calcareous sandy clayloam with moderate to high fertility and
moderate waterholding capacity, water receiving and in part flooded.

5E. Undulating to rolling moderately dissected gneiss upland plain with
frequent kopjes and associated pediments

Agro-climatic zone 2d3 with ustic to aridic soil moisture regime.

See cross section 8 (Figure 3.9)

Predominant Plain As unit 5D

Subordinate pediments As unit 5B
Minor velley bottoms As unit 5D
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6., Hills of sedimentary rock with aszsocleted slluviel systems

6A. Mokware hills with associated alluvial plain including sedimentary and ig-
neous rock.
Agro-climatic zone 1d3 with ustic soll moisture regime.

Major hills have soils which are very shallow to moderately deep neutral to
acid sandy loams with low fertility and low water holding capacity.

Major alluvial flats and wvalleys have soils which are deep to very deep,
neutral to slightly acid, sandy clayloam with moderate fertility and moderate
to high water holding capacity, in part water receiving.

68. Towapong hills with sssoclated terrasces and alluvial valleye
Agro-climatic zone 2d3 with ustic to aridic soil moisture regime.

P

See cross section No 5 (Figure 3.6)

Major hills As unit 64
Mejor alluviasl terraces and valleys as unit 6A but wvalley soils are slightly
alkaline, part calcareous and terrace soils are slightly acid.

6C. Borotsi hill complex with associated terraces and alluvial wvalleys
Agro-climatic zone 2d3 with ustic to aridic soil moisture.

Major hills as unit 6B
Major alluvial terraces and valleys as unit 6B

6D Botepipl hill complex with asssociated alluviasl slopes and flate
Agro-climatic zone 2d3 with ustic to aridic soil moisture regime

Major hills as unit 6A
Major alluvium as unit 6A

7 Flat to undulating upland plains on predominant sandstones and
subordinate other sedimentary rock.

7A. Undulating plains with iscolated hills and minor other lithology (dolerite,
diabase), and subordinate alluvium

Agro-climatic zone 2d3 and part 1d3 with ustic to aridic and ustic soil mois-
ture regime.

Predominant undulating plaing have soils which are moderately to very deep,
neutral to slightly acid, sands to sandy loams, with minor sandy clayloam,
with low to moderate fertility and low to moderate water holding capacity.

Minor alluvium has soils which are deep to very deep, neutral to slightly

acid sandy loams to sandy clayloam, with moderate fertility and moderate water
holding capacity, in part water receiving.
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78 Gently undulating to undulating sandstone plain with subordinate alluvium
snd minor basalt

Agro-climatic zone 2d3 with ustic to aridic soil moisture regime.
Predominantly gently undulating plain has soils which are deep to very deep
slightly acid sands to loamy sands, with low fertility and low to moderate
water holding capacity.

Minor alluvial depressions and valleys have soils which are deep to very deep,
neutral to alkaline, partly calcareous, sandy loams to sandy clayloam, with
moderate fertility and moderate water holding capacity, partly water receiv-
ing.

76 Flat to gently undulating sandstone plsein with minor depressions and minor
rock outcrops

Agro-climatic zone 2d3 with ustic to aridic soil moisture regime.

As unit 7B,

8 Alluvial valleys and flats

84 Limpopo terrvaces and floodplains

Agro-climatic zones 2d3 and 3b4 with ustic and ustic to aridic soil moisture
regime,

See cross section No. 7 (Figure 3.8),

Soils vary strongly from eroded moderately deep to deep neutral sandy clayloam
terraces, deep and very deep slightly alksline clays in backswamps (water
receiving and liable to flooding) to very deep neutral loamy sands to sandy
loams on natural levees, all having moderate to high fertility and moderate to
high water holding capacity.

88 Alluvial flats
Agro-climatic zone 2d3 with ustic to aridic soil moisture regime.

Soils are deep to wvery deep neutral to slightly acid sandy loams to sandy
clayloam with moderate fertility and moderate to high water holding capacity,
partly water recelving.

Schematic Cross Seotion No 1 (Serowe)

Cross section No, 1 is very schematic across the landscapes 1, 34 and 20 north
of Serowe, running West to Fast over a distarice of about 13km. The following
physiographic elements are distinguished:

1. Ealabharil sandveld platesu. In the west the plateau is very flat and fea-
tureless and soils are light yellowish in colour, have s low pH and a very low
clay content (Dystric Arenosols). Towards the scarp the soils have more
chroma (K353 - Ferralic Arvenosols) and become reddish with some increase in
clay as cutans on ped faces (K85.7, Ferralic Avenocsols (and Avenic Ferric
Luvisols). See profile 510, Annex 2.
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2. Escarpment. Slopes vary from 57 to over 207 and soils on basalt are shallow
and rocky (Lithosols, Eutric Regosols. lithic phase).

4%, Undulating to rolling bssalt upland. The terrain is quite irregular with
shallow Eutric Regosols occurring in complex with deeper Chromic and Calcic
Luvisols. See profile 35, Annex 2.

4. Alluvial Valleys and flasts. Basalt derived alluvium is very clayey, with
Pellic Vertisols (A1), also Chromic Vertisols (A2) and a range of vertic and
Calcic Cambisols (A3, A4b). Mixed alluvia are characterized by Butric Nitosols
(Al16) and the more sandy alluvial deposits have Arenic Ferric Luvisols (A1Z2).
See profile S1, Annex 2.

5, Hills, Hills on sandstone, with an admixture of Kalahari sand have
dominantly Ferralic and Luvic Arencsols (S6, 6a, 5a) but also Arenic Ferric
Arenosols are formed on the middle and lower slopes. As a result of lateral
translocation of clay weak argillic horizons with clay bands have formed.
Flat bottoms have leached sands with little colour (FEutric Arencsols, 817)

6. Sandplains. Towards the east gently undulating plains occur with a complex
pattern of Ferralic Arenosols (83,5) on the somewhat higher parts, and Arenic
Ferric Luvisols(87,10) or Arenic Eutric Nitosols (811) on the lower parts.
The topsoils have & clean aeolian component but subsoils at greater depth (1.5
- 2m)y are often more clayey, overlying sedimentary rock. See profiles 52,
8507, 8512,

The vegetation on the Kalahari plateau ils a low tree shrub savanna with Burkea
africana, Terminalia sericea, Croton gratissimus and Acacia fleckii as charac-
teristic species. Similar vegetation is also found on the lower sand areas,
but here the vegetation is more mixed with other species. The vegetation on
the basalt and alluvium around Serowe is disturbed but Acacia spp. as A. tor-
tilis, A. karroo and A. mellifera are common.

The sandy and shallow soils are used for extensive grazing and avable farming
is practiced on the alluvial soils, except for the Vertiscls.

Schematic Cross Section No 2 (Shoshong)

Cross section no 2 of about 10km is across the Shoshong valley, approximately
5 km east of Shoshong village. Part of the soils dats used is from Siderius
{18735,

The valley extends in a east-west direction, structurally controlled by
dolerite sills in the north and hills of sedimentary rock (quartzites,
siltstones of the Palapye group) in the south. The valley itself consists of
granites (Msahalapye Migmatites) of the Basement Complex, partly overlain by
Quaternary alluvium,

The northern part of the wvalley is characterized by alluvial flats with clay
derived from the dolerite hille, on which Pellic Vertisols have formed. When
granite is near the surface the soil pattern is complex with Chromic Vertisols
and Vertic Luvisols at the transition from the Pellic Vertisol flats to the
Calci and Chromic Luvisols on the granite.
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The central floodplain of the Bonwapitse river consists of a complex of Vertic
Cambisols and Pellic Vertisols and has a sharp boundary with the adjacent
pediment. See profile S5H 901, Annex 2.

The southern slope is a pediment formed on a granite with generally wvery deep
soils, Futric Nitosols, having a weak to moderate structure. In places the
surface material shows a more alluvial character, and Chromic Luvisols are
found associated. The upper pediment soils seem more strongly leached and
have less soil structure (weak to massive) and transgrade to Ferric Luvisols.
See profile SH 903, Annex 2

The soils on the hills consist of a complex of Eutric and Calcaric Regosols
with Lithosols.

The vegetation type on the granite pediment is savanna with Acacia nigrecens
and Combretum apiculatum predominant. The alluvial areas have a more open
tree to shrub savanna with a variety of Acacia spp (A.karroo, A. tortilis, A.
mellifera, A. grandicornuta, A. tenuispinay.A. palpinii is very characteristic
along the Bonwapitse channel.

The pediment soils are widely used for arable farming, and these soils belong
to the best soils found in the area, although the topsoil may be eroded. The
alluvial areas are used for grazing.

Schematic Cross Section No 3 (Kalamare)

Cross section No 3 is found in the dissected gneiss/granite area Dbetween
Kalamare and Mokware (Landscape 5A) as it runs over slopes of about 2km. The
goil catenas in the area vary in composition, depending on steepness and ir-
regularities of the slope, texture and rate of erosion.

At the top of the interfluves a variety of soils is found, from Lithosols and
shallow Regosols to somewhat deeper soils which have an argillic horizon
developed (units G2C and G8). Upper slopes are often leached and sandy (Albic
Arenosols and Regosols G3 and G3a).

The middle slopes have massive gray soils with week argillic horizon {Orthic
Luvisols G7) which gradually transgrade to Solodic Planosols (G15) with a well
developed albic horizon and a natric or argillic horizon. See profile M295,
Annex 2.

In the subsoil normally nodular calcic horizons occur, which also can be found
at the transition to the gully if not eroded. The gully itself is often
strongly eroded and shows rock outcrops (Lithosols) and coarse sandy material
in the gully bed,

The vegetation type varies from moderately dense savanna with Combretum
opiculatum and Acacia nigrescens on the higher parts, to open shrub savanna
with Terminalia sericea, Acacia erubescense and A, fleckii on the sandy parts
and A, tortilis, A, mellifera and A. nilotica on the lower slopes.

The area is poorly accessible and is used for extensive grazing.



Schematic Crose Section No & (Morale Hills)

Cross section No 4 in landscape 5B runs from the Morale Hills (west of
Mahalapye) south west for about 1Zkm. The section 1s across a very regularly
developed pediment with upper slopes of 1 - 2% and lower slopes of about
0.5%.

The geological formations from north to south are respectively granite
(Mahalapye Migmatite) and gneiss of the Basement Complex, siltstonef/grits and
guartzites of the BShoshong Formation of the Palapye Group (Precambrium), a
dolerite intrusion and again Shoshong Formation.

The upper pediment slope is on gneiss and soils are predominantly deep to very
deep Ferric Acrisols and Chromic Luvisols, also with intermediate Ferric
Luvisols, having coarse sandy loam to sandy clayloam textures. The boundaries
with the rocks of the Shoshong Formation is irregular and difficult to define
at the surface on the basis of soil characteristics. The vegetation struc-
ture is savanna with Acacia nigrescens and Combretum apiculatum as dominant
species. See profile M83, Annex 2.

The middle pediment slope has predominantly deep Ferric Luvisols (to
Acrisols), mostly sandy loams with less coarse sand than the soils on gneiss.
The savanna type is more open with smaller trees and Combretum apiculatum
dominant.

The lower pediment slope has deep Ferric Acrisols which become downslope more
sandy (unit 89 ) and transgrade to Arenosols. Here a shrub savanna occurs,
with Acacia erubescense and Terminalia sericea.

The alluvial deposits of the Bonwapitse walley has Calcic and Vertic Cam-
bisols, and Chromic Luvisols have formed on the dolerite on the south bank.

The area is used for extensive grazing but the upper pediment slope would have
some suitability for arable farming.

Schematic Cross Section No 5 (south of Tswapong hills)

Cross section no 5 over approximately 10km in landscape 6B shows the old al-
luvial terraces which occur associated with the Tswapong Hills.

The hills have shallow soil (Lithosols and Regosocls) on the sandstones,
quartzites and conglomerates of the Palapye group (Waterberg formation,
Precambrium).

The upper terrace has deep to very deep red Chromic and Ferric Luvisols as
well as Eutric Nitosols but the lower terraces have gravel at shallow to
moderate depth, with mostly a petroferric horizen at 1-1,5m depth. Most soils
are reddish Ferric luvisols transgrading to brownish Orthic Luvisols in the
lower positions.

The lower alluvial valleys are old drainage ways from the Tswapong hills and
have Calcic Cambisols (A46) and Calcic Luvisols (A9), the latter in the
slightly higher positions. The valleys and lower terraces form a repetitive
pattern.
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The terraces are widely used for arable farming as the soils are deep and
sites may rveceive additional run-off water from the hills. Frequently wells
are made through the ironstone inte aguifers in the subsoil.

Schematic Cross Section No 6 (Tuli Block)

Cross section no 6 runs over above 4 km in landscape 5C southwest - northeast
towards a small tributary at the Limpopo river, south of Selika hill. The
location is in the northeastern corner of the Mahalapye sheet, at the trans-
ition from ustic to aridic soil moisture regime.

The plain is almost flat to gently undulating with gradual soil transitions.
The higher and steeper parts have sandy shallow and rocky soils (EButric and
Dystric Regosols), and Ferric Luvisols and Acrisols are found on the flatter
parts. In an irregular pattern minor Calcic Luvisols occur in low to inter-
mediate positions, partly with a petrocalcic horizon. See profile TS3, Annex
2,

On flat interfluves as in the middle part of the section, moderately deep Fer-
ric Acrisols (G5) are the characteristic soils often with a petroferric
horizon, gradually transgrading to gravelly Dystric and Eutric Regosols. See
profile TS5, Annex 2. :

Only locally on the lower slopes Chromic Luvisols occur, whereas Calcic
Luvisols on calcrete are found on the lowest valley slope. The valley bottom
has a 200m wide strip of Pellic Vertisols (Al). See orofile TS87, Annex 2.

The wvegetation on the Regosols and Acrisols is a dense low tree or shrub
savanna with a strong dominance of Combretum apiculatum. On the Luvisols the
savanna or woodland has a co-dominance of Acacia nigrescens.

The area is used for grazing mainly, but some commercial dryland farming is
practiced on the lower parts with deeper soils. Minor parts of the land are
used for irrigation farming (mainly citrus).

Schematic Cross Section No 7 {(Limpopo)

Cross section no 7 shows a lower Limpopo valley slope catena. Natural levees
with Eutric Cambisols, but also Haplic/Calcic/Luvic Xerosols in the zone with
an aridic moisture regime, occur more frequently downstream (Palapaye Sheet)
than upstream. The levees are normally only a2 few hundred meters wide and
about 5m higher than the adjacent backswamp. The backswamps are very ir-
regular in occurrence with a variety of soils such as Calcic Luvisols (A9),
Calcaric Cambisols (A4) and Pellic Vertisols (Al).

Terraces may be present on the lower slopes but are often eroded and may occur
G8-9, in complex with gneiss (Chromic Luvisols,G8-9). The terrace soils,
Chromic and Ferric luvisols (Al2-113%, or (Calcic) Luvic Xerosols (A37a,36)
with an aridic moisture regime, have a high potential as arable land under ir-
rigation but are limited in occurrence.
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Also the levee soils, if not too sandy, are suitable for irrigation farming .
The soils of the backswamp areas have less potential, due to poor drainage and
flooding hazard. See profile TC4, annex 2.

On the middle slope various shallow to moderately deep Luvisols or Xerosols
are found . This area is mostly used for grazing.

Schematic Cross Section No 8 (Mogapi)

The schematized cross section no 8 (approximately 15 km), as occurring north
of Mogapi, shows the transition from landscape 5E to 5D, which roughly coin-
cides with the transition from soils with an ustic to aridic moisture regime.

The pediments associated with the kopjes (rock outcrops) have moderately deep
to deep Ferric and Chromic Luvisols. Classification in fact depends only on
CEC clay values which are around the boundary value of 24 me9/100g. Quartz
gravel, and in places petroferric horizons, occur at a depth of about lm.

On the flat parts of the plain soils are relatively shallow, having a petric
phase (quartz gravel or weathered rock) at about 50cm depth. Shallow argillic
horizons have developed (Ferric Luvisols or Luvic Xerosols G2Zd/Z2e)

In the upper catchment of side valleys or depressional drainage ways, grayish
massive soils with sandy clayloam to clay texture are found, in places with
mottling indicating water stagnation.

In the wvalleys the dominant soils are Calcic Cambisols, partly with shallow
calcrete (petrocalcic horizon), especially at the riverbanks (units A4b and
Cay.

In the zone with aridic soil moisture regime, kopjes are less frequent.
Sandy shallow Regosols and Lithosols occur on the interfluve crests and weakly
structured to massive shallow to moderately deep Luvic Xerosols, with more
clayey texture, are found on the middle and lower slopes. The gravel in the
subsoil is mostly quartz, but alsc iron/manganese concretions and ironstone
occur. CEC clay values increase in the aridic zone.

The vegetation type is mostly low tree to shrub savanna with Combretum
apiculatum, Acacias nigrescens and Kirkia acuminata characteristic for the up-
per slopes and Colophosperum mopane dominant on the lower slopes.

The pediments are widely used for arable farming because of the greater soil
depth and better structure than the other soils. Also in places there may be
some lateral subsurface water supply. In the aridic =zone, soils are rather
unsuitable for dryland farming. The valleys are partly water receiving but
have the risk of flooding.
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4 LAND EVALUATION

4.1 OBJECTIVES AND ASSUMPTIONS

The principal objectives of the land evaluation at reconnaissance level in
Botswana are to:

~ locate the potential arable lands and determine their surfaces

- reflect the relative importance of the output to expect, as compared to
the optimum.

- indicate the importance and kind of undesirable environmental hazards.

The proposed system is based on the FAO publication: " A Framework for land
evaluation” (1976). The framework gives the principles and concepts on which
land suitability evaluation is based, and indicates overall strategies for
their application.

The Botswana system evaluates different land units for relevant existing,
arable farming land use types, as defined by agronomists. Emphasis has been
put on sorghum growing under different management levels. Sorghum represents
more that 50Z of the planted area, and is traditionally the first nutritional

source in rural areas. Several alternative crops, which are actually cul-
tivated at a smaller scale than sorghum, have been proposed and can be
evaluated: maize, millet, dolichos, cowpeas and sunflower. In the light of

further rural development, other crops under different management levels have
to be identified and potential new uses have to be described.

For the location of arable land, a qualitative land evaluation system has been
recommended. The sultability is expressed in qualitative terms only, based on
physical elements, without specific estimates of outputs (crop yields), in-
puts, costs and returns.

The system is worked out according to the limitations approach. The limiting
effect of each land quality is evaluated using an ordinal scale.

The system refers to current suitability. Minor land requirements which use
common practice for the defined land uses are included.

4.2 OUTLINE OF PROCEDURES
Following steps are to be considered for the evaluation:

{a) delimitation of relevant zones

(b) definition of land utilization types

{¢) identification of land use requirements

{d} description of land units

{e) matching the land units with the land use requirements



(a) The delimitation of the relevant zones is based on actual land use
studies. National parks and game reserves are to be excluded for the evalua-
tion. Emphasis is put on presently cultivated land and the surrounding exten-
sive grazing lands. The hardveld area with Northwest, Central, BSouthern and
Kweneng districts, representing 7537 of the total cultivated area in
Botswana, (DHV 1980) are the target areas.

{(b) The choice of relevant land utilization types for arable farming in
Botswana is mainly determined by existing farming systems. Three major land
use types are retained; dryland farming, irrigated farming and Molapo farming.
By far, dryland farming is the most practiced (815,000 for 4,800 ha/annum
Molapo farming and some 2000 ha irrigation) (DHV 1980). The developed system
is thus focused on dryland farming. On a basis of different management sys-
tems, dryland farming is divided into 4 management types:

-~ traditional

- partly mechanized traditional
- improved traditional

- mechanized commercial

The different crops, cultivated under a specific management type, define the
land use types, which are to be evaluated (e.g. improved traditional sorghum)

(c) After the definition of the land use type (LUT), the land use require-
ments for that specific LUT are to be stated. Land use requirements, i.e. the
conditions of land necessary or desirable for the successful and sustained
practice of a given LUT (FAD 1983), can be expressed by land qualities or
land characteristics.

As land characteristics have to be considered in terms of limited interpreta-
tions because of their specific interaction, land qualities have been
retained. Land qualities have to be determined and evaluated in accordance to
their affecting land characteristics (8YS 1985).

The identification of land use requirements is done by establishing factor
ratings for each relevant land quality.

Diagnostic factors are selected to be used for the assessment of the guality,
Simultaneously, the critical values of the diagnostic factors are proposed for
the different suitability classes. The land requirements already indicate the
information needed for the evaluation and consequently direct the survey ac-
tivities. The information requirements for the evaluation are focused on
production in the first place, and on management and conservation in the
second place.

(d) Description of land units. The soil maps, derived from the systematic
Botswana Soll survey at scale 1:250 000 produced by BOT/80/003 and BOT/85/011,
combined with recent climatological studies (Dambe 1987), constitute the basic
information for the evaluation exercise.

The soil data have proven to be very reliable. Although some land gualities,
such as temperature regime, absence of damaging floods, absence of pests and
diseases, adequacy of topography are less developed, homogeneous mapping units
can be considered for dryland farming evaluation.
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(e) Matching land units with land use requirements. The principal stage in
the evaluation procedure is the matching of the land use requirements with the
land quality of the considered land units, according to a limitations ap-
proach. Each individual land quality is rated on a scale from 1 to 6 for the
corresponding requirements.

Using a well defined set of rules, reflecting the importance of the different
land qualities for the specific land utilization type, these limitations are
transferred into another ordinal scale from S1 (very suitable) to N2
(unsuitable). The overall suitability is determined by the lowest suitability
class{es) of the land qualities. This method implicates that land with one or
several limitations of the same level is classified in the the same
suitability class, which can be unrealistic. An advantage is that the inter-
actions between the land qualities are not important using this method.

4.3  LAND SUITABILITY CLASSIFICATION AND MAPPING

The outcome of the matching procedure of land use requirements with land
qualities is an overall land suitability, i.e. the fitness of a given land for
a specified LUT,

Six land suitability classes can be distinguished; these are defined as
follows:

51 highly suitable: Land which is expected to be highly prodﬁctive for the
defined use. High return amply justify reguired inputs. No significant
limitations.

52 moderately suitable: Land which is expected to be moderately productive for
the defined use. Moderate veturns justify required inputs. Limitations
reduce crop yield 20-40% and/or increase recurrent costs for production and
conservation.

§3 marginally suitable: Land which is expected to have a low productivity for
the defined use. Yield benefits are just high enough to justify required in-
puts. Limitations reduce crop yield 40-60% and/or considerably increase costs
for production and conservation.

S4 very marginally suitable: Land which is expected to have a very low produc-
tivity for the defined use. It is doubtful whether yield benefits alone jus-
tify required dinputs. Severe limitations reduce crop yields with 60-80%
and/or considerable increase costs for production and conservation.

Nl currently unsuitable land: Land with very severe limitations, which at
present cannot be corrected economically.

N2 permanently unsuitable land
Subdivision of the classes is as follows:
Subclasses: Land suitability subclasses reflect kinds of limitations. They

are indicated by lower-case letters, symbolizing the kind of limitation (e.g.
subclass S2e: limitations caused by erosion.
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The classes 51 and N2 have no subclasses.

Seasonal cultivation of land classed as 54 will not be profitable over a long
period in terms of money. However, part of this land is used and will be used
in the future, either permanently or periodically, for the following reasons:

a. In traditional dryland farming economic considerations do not play a
role, or only a minor one. In this concept very low yields can be
accepted,

b, In countries which have a highly erratic rainfall such as Botswana,
some years have sufficient rainfall to produce an acceptable yield.

¢. Considerations other than economic, such as employment and selfl -
sufficiency, justify strongly reduced crop yields

The soil mapping units as shown on the soil maps, often consist of 2 or more
soil units (either as an association or as a complex). It appears impractical
for cartographic reasons to evaluate all soil units and to map an association
of land suitability (sub) classes. The number of characteristics would be too
big (e.g. 53mn-S3m-SZmnot).

In Botswana conditions for dryland farming are generally poor, mainly due to
the marginal climatic conditions. Often only the best part of a soil mapping
unit offers some potential for dryland farming. For this reason only the soil
unit with the highest suitability class will be mapped. In order to give and
indication of the area covered by the mapped suitability class the letter 5
will be printed in three lettertypes:

bold capital 8§ : area coverage per mapping unit 60-80%
capital § ¢ area coverage per mapping unit 40-5601
lower case § : area coverage per mapping unit 20-407

It should be noted that generally 30Z or less of the area of the soil mapping

unit is covered by minor soil units, which are not mentioned in the soil as-
sociation or complex.
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4.4  AGRO-CLIMATIC ZONES AND LAND SUITABILITY

In order to assess the climatic suitability for arable farming, the concept

of the growing periods is applied. The calculation of the growing period is
based on a water balance model, which compares precipitation with the poten-
tial evapotranspiration. ({FAO, 1978). The growing period is defined as the

period in days during a year when precipitation exceeds half the potential
evapotranspiration, plus a period required to evapotranspire and assumed 100mm
of water from excess precipitation (or less if not available) stored in the
gsoil profile. The period when precipitation exceeds full potential
evapotranspiration is defined as the humid period. The growing season is
equal to the length of the growing period if one growing period occurs, or
equals the total length of the growing periods, when two or more growing
periods occur plus the number of dry days.

For the analysis of the growing periods data of 9 synoptic stations and about
50 rainfall stations with long term records were used.

The rainfall of each 10-day period was determined by calculating the running
average over three 10-day periods, thus reducing the influence of extreme and
isolated rainfall events.

The potential evapotranspiration has been calculated applying the Penman for-
mula adapted to Botswana conditions by SMEC (1987).

As the rainfall in Botswana is very erratic and highly wvariable in time, the
use of mean figures is generally not appropriate. Therefore a frequency
analyses of growing seasons lengths was done. The results form the basis of
the climatic zones differentiation, combined with the number of dry days (501
frequency) and the length of the humid period.

Figure 1.2 depicts the agro-climatic zones of Botswana.

The Land quality "moisture availability" is mainly determined by the climate,
and by the agro-climatic zones, To define the factor rating for moisture

suitability , the following steps have to be considered:

- determine the available water holding capacity (AWHC) of the soil in
function of texture, effective depth and subsoil stoniness.

- correct AWHC for infiltration rate

- determine moisture availability rating in function of the agro-climatic
zone and the site

- correct the rating for texture and establish the final rating

Examples of land suitability for typical soils are given in the following sec-
tions. Selected Land Quality rating are given in annex 3.



Land Suitability for representative alluvial solls (main unit s A)

Chromic Luvisol Al3 is an example of the best alluvial soils that occur in
Botswana, having hardly any limitations for dryland farming, apart from the
moisture availability. TIts common texture is .sandy clayloam, usually with a
more sandy topseil (sandy loam). Soils with similar characteristics occur in
a.0. S0il Units Al6 (Eutric Nitosol), Al0 {(Chromic Calcic Luviscol), Alé
(Orthic Luvisol), Al6a (Calcic Eutric Nitosol) and A44 and A4d (Calcaric
respectively. Calcic Cambisols). The corresponding soils in the zone with an
aridic soil moisture regime are the Luvic, Calcic and Haplic Xerosols
(Bobonong area). However, these also may include soils having ferric
properties, which is usually related to some other less favourable charac-
teristics.

Examples of similar soils but having a more sandy texture, usually sandy loam,
are Al6b (Arenic Eutric Nitosol) and A33 (Butric Cambisols), occurring on
natural levees. As an example of a sandy soil, AlZ (Arenic Ferric Luvisol) is
given, usually having a deep loamy sand topsoil, which may become sandy loam
in the subsoil. Several other sandy alluvial soils have quite similar charac-
teristics, such as Al5 (Arenic Orthic Luvisol), Al7 (Arenic Dystric Nitosol),
Al9 (Ferallic Arenosocl). 1In Table 4.1 the land suitability classification is
given for the tracts of land where these soils dominate the soil pattern, in
average environmental conditions. It is clear that for this group of well
drained and deep soils, the overall suitability class is governed by the mois-
ture availability (for dryland farming). For a large number of other alluvial
soils a similar outcome can be found. There are, of course, other groups of
alluvial soils, where different land qualities, such as oxygen availability,
resistance to erosion or workability play an important role.

Table 4.1 Land suitability classification for rainfed sorghum and maize
some representative alluvial soils in the Mahalapye, Francistown and Bobonong
climatic zones.

Soil unit Al3 A37
agro-climatological zone 1d3 2d3 3b4
crop sorghum maize sorghum maize sorghum maize
land qualitcy

accessibility sl s1 SL 81 81 S1
temperature regime S1 S1 s51 sS1 S1 851
soil erosion 52 s2 s2 82 52 s2
floods 51 S1 81 51 51 51
germination S1 51 s51 51 51 S1
moisture availability 83 54 54 N2 84 N2
nutrient availability S1 52 51 s2 S1 52
oxygen availability S1 S1 s1 31 S1 51
pest and disease s1 S1 S1 S1 S1 S1
foothold for roots 51 S81 51 S1 S1 S1
absence of toxic substance 51 81 S1 81 S1 51
workability 81 51 Sk 51 51 51
overall suitability $3m S4m S4m N2 Sém N2



Table 4.1 Land sultability classification for rainfed sorghum and maize som
representative alluvial soils in the Mshalapye, Francistown and Bobonong climati
ZONEs .

Soll unit Al6D Al2
agro-climetological zone 143 2 d
143

crop gorghum maize sorghum maize sorghum maize
land quality

accessibilitcy 51 51 51 S1 51 S1
temperature regime 51 51 51 S1 S1 51
s0il erosion 52 s2 52 52 32 52
floods S51 51 51 51 51 S1
germination S1 81 81 S1 81 S1
moisture availability 53 54 54 N2 84 N2
nutrient availability 51 52 51 52 51 52
oxygen availability S1 81 51 51 81 51
pest and disease 51 S1 51 S1 31 51
foothold for roots S1 51 §1 51 51 S1
absence of toxic substance S1 51 Sl 51 51 S1
workability S1 S1 51 S1 51 Sl
overall suitability $3m Shm S4m N2 S4m N2
Soll unit Al2

Agro-climatological zone 2d3

crop sorghum maize

accessibility 81 51

temperature regime 51 51

soil- erosion 82 52

floods 51 51

germination $1 51

moisture availability S4 N2

nutrient availabilicy S1 S2

oxygen availability S1 31

pest and disease 51 S1

foothold for roots S1 51

absence of toxic substance S1 51

workability S1 51

overall suitability S3m S4m

Land sultability for representative solls on aclid rocks (mein unit: G}

The soil units G9, G8, (Chromic Luvisols), G6 (Ferric Luvisols) and GZe (Luvic
Yerosols) are representative for the soil associations that occur over large
land areas in the region where the geology is dominated by acid igneous and
metamorphic rocks {(mainly granite and gneiss). Chromic Luvisol G9% is a deep
soil with s high water holding capacity whereas Chromic Luvisol G8 is petric
at moderate depth and one class lower in AWHC rating. AWHC is again reduced
in Ferric Luvisol 66 (coarser texture) and in Luvic Xeroscl G2e (shallower
soil, petric horizon usually at about 50-60 cm depth). Other differences are
in e -~ resistance to erosion, n - nutrient availability and r - adeguacy of
foothold for roots (with some minor differences in w - workability).
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Table 4.2 Land Suitabllity for rainfed sorghum in the Mahalapye, Bobonong and
Francistown climatic zones on acid rock solls.

Soil unit Gle &6 ed1] Go

agro-climatic zone 3b4 143 2d3 1d3 243 1d3 243

land guality

accessibility 51 81 51 51 51 81 s51
temperature regime 51 S1 81 51 Sl St 51
soil erosion 52-3 82 52 51 51 51 S1
floods 51 S1 51 51 51 Sl 51
germination 51 81 S1 81 51 S1 s1
moisture availability N2 S4 54 54 S4 53 Sh
nutrient availability 852 52 52 81 S1 51 81
oxygen availability 51 51 51 S1 51 81 S1
pest and disease S1 51 51 51 S1 S1 S1
foothold for roots 52 81 S1 St S1 51 S1
absence of toxic 52 51 51 81 81 51 51
substance

workability 52 51 S1 51 S1 51 S1
overall suitability N2 Shm N2 Sé4m Shm 53m Smé

In Table 4.2 the suitability classes for sorghum are given for the Mahalapye
and Bobonong climatic zones, and also the overall subclass for Francistown.
The suitability for maize is N2 for all soils in all zones, except for G% in
the Mahalapye zone, where the suitability is wvery marginal Sém. Some other
soils gquite similar to G8-9 are found in soil units Gl4 (Butric Nitosol), G6a
{(Ferric Luvisocl) and G613 (Calcic Luviscl). Soil on sites which may receive
water occur in soil units G100 (Chromic Luvisol), 6Gl1l0a (Orthic Luvisol)y, G7
(Orthic/Ferric Luvisol), 612 (Gleyic Luvisol), G615 (Solodic Planosecl), G116
{Gleyic Solonetz). The availability of water (m) may be upgraded, but other
land gualities of avreas dominated by several of these soils are less
favourable compared to the well drained soil, especially oxygen availability.
However, some of better soils of main unit G can be identified in these units
{notably G10-10a).

The soils in units Gl and G2 are in general not suitable for dryland farming
{sorghum), as well as the soils with an aridic scoil moisture regime
(Xerosols). Only the better part of soil units ¢2c¢ and 62d (Chromic and Fer-
ric Luvisols), which are transitional to G8&8 and G6/6a may be considered as
very marginally suitable, Sém, for sorghum, but only in climatic =mone IV
Mahalapye (and III Gaboronej.

Some other soils have a very low nutrient availability (G3-4-53, Albic and Fer-
ralic Arenosols, Ferric Acrisols } or may have too high levels of toxic sub-
stances (G15-16, Solodic Planosol, Gleyic Solonetz).

Land Sultability of sulle on cosrse-grained sedimentary reock (msin unit 8).
The major limitation of the sandy soils for dryland farming is the moisture
availability. The majority of the § soil units has no other limitations apart
from nutrient availability, which is usually low, and resistance to erosions
{by wind mainly), which is usually rated as low to moderate (in disturbed or
other specific places).
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The Nutrlent sawvallabllity rating of most of the soil, where the pH in rela-
tion to the crop {sorghum, maize) is correct, is 3 (low), giving suitability
class 52 for sorghum, and $3 for maize.

The Molsture avallability of practically none of the soils need to be cor-
rected for the infiltration rate. There is alsc hardly any correction for
rooting depth and stoniness (soil unit §1 and 513 only). Available water
holding capacity (AWHC) is directly related to texture. It should be noted
that textures as they are given in the soil legend vrepresent the texture of
the B horizon, which is in most cases finer textured than the topsoil.

Most of the § soils are rated 4 for coarse sand textures and 3 for loamy fine
and texture. Some of the $ soil units with a fine sandy loam or even sandy
clay loam texture in the subsoil may have an AWHC rated 2, but this is not
separately evaluated, as this varies within the soil units and local situa-
tions may be more important, as e.g. water shedding positions of unit Sl4.

In Table 4.3 the suitability classes for sorghum and maize (improved tradi-
tional dryland farming) for some of the most frequently occurring sandy soils
units are given, without site corrections.

Table 4.3 Land sultability subclasses for some sandy solls, for sorghum and
maize (improved traditional dryland farming), in the verlous agro-climatlc
zones.

Soil unit $3 Ferralic Arenoscl
agro-climatic zone 1ds 243 &b3

crop sorghum malze sorghum malze sorghum malze
lsnd guality

accessibility 51 81 51 $1 51 51
temperature regime 51 S1 51 S1 51 81
solil erosion 53 53 53 53 53 53
floods 51 81 81 S1 s81 51
germination St s1 51 S1 51 S1
moisture availability 54 N2 N2 N2 N2 N2
nutrient availability 52 53 82 53 S 83
oxygen availability 81 S1 s1 51 S 51
pests and diseases 51 51 51 51 51 51
foothold for roots 81 81 51 51 51 51
absence of toxic substances S1 51 81 51 S51 S1
workability S1 51 S1 51 S1 51
overall suitability S4m N2 N2 N2 N2 N2
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Table 4.3 Land suitability subclasses for some sandy solls, for sorghum and
maize (improved traditionsl dryland farming), in the various agro-climatic
ZONEE .

Sodil unit 83 Ferralic Arenosol
agro-climatic mone 1d3 243 &h3
crop sorghus meize sorghum melze sorghum malze
land quality
accessibility 51 s1 S1 1 51 51
temperature regime s1 81 51 51 51 S1
soll erosion 83 53 83 53 53 83
floods S1 51 51 S1 51 51
germination 51 51 s1 81 s1 51
moisture availability 54 N2 54 Nz N2 N2
nutrient availability 52 53 $2 53 52 53
oxygen availability 81 51 81 S1 51 s1
est and disease S1 51 S51 51 51 51
foothold for roots 51 51 51 S1 51 51
absence of toxic substance 3 51 81 81 51 81
workability 81 51 51 51 51 S1
overall suitability Shm Nz Shm NZ N2 N2

Gains and losses of moisture due to site characteristics are important in
areas dominated by sandy soils. It is difficult to estimate, and impractical
to characterize & unit in general, as the local conditions differ from site to
gite. Most of the sandy soils (unit 8) are in a relatively high positions,
and it is though that in most cases there will be aloss rather than a gain,
also taking into account the possibility of water that has gone deep in the
subsoil and is lost for the plant (a break in the capillary rise).

The suitability classification as given in Table 4.3 should therefore be con-
gsidered with greatest care. The local circumstances play a very important
role, and it may be well possible that considerable corrections should be ap-
plied. Some large areas are likely to be downgraded (when hilly or rolling),
but other areas, e.g. lower valley sides, will be upgraded. Most of the areas
receiving extra water have soils with slightly higher clay content compared to
the related soils on top of the watershed, which is most probably due to
lateral transport of clay. Typical soils in these positions are 53a and espe-
cially $7 and S10 (Luvic Arenosols and Arenic Ferric Luviscls); very often
they can be upgraded, as e.g. in valleys south of Serowe and asreas near
Bobonong with $10 soils, normally rated as non suitable, but in these posi-
tions better classified as S4m.

Some of the soil units have been introduced especially to indicate the water

shedding character of the land areas they characterize. They are:

- unit Sl-a-b, shallow to moderately deep soils in undulating to hilly areas.
AWHC rates 5-6 plus additional downgrading for site gives overall N2 rating
(for sorghum}.

- unit 86, undulating to rolling, including dunes. AWHC rates 3, but
suitability class one down, resulting in N2.

- unit 817¢, undulating (with the exclusion of minor flat parts), mainly

coarse sands, AWHC rating 5, downgraded to practically everywhere N2 (sorgh-
um)
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Land Suitability of the Pellic Vertisol

There is some variation in the land qualities, depending on the local condi-
tions. In table no the suitability is given for the common range; extremes
are not considered.

Table 4.4 Land suitability for rainfed sorghum and maize on Pellic Vertisols
in the Mahalapye, Francistown and Central Tull Block climatic zone.

Soll unit Al - Pellic Vertisols
agro-climatological zone 1d3 2d3 3bs

crop gorghum maize sorghum maize sorghum meize
land quality

accessibility §52 sz s2 82 82 s2
temperature regime s1 S1 81 51 51 51
soil erosion s1 S1 §1 51 51 $1
floods 52 52 52 52 52 52
germination 81 51 81 51 51 §1
moisture availability 83 84 S4 N2 S4 N2
nutrient availability 81 81 51 S§1 81 s1
oxygen availlability 83 54 83 sS4 53 54
pest and disease §1 81 S1 51 51 81
foothold for roots 51 81 51 51 51 51
absence of toxic substance g2 §2 52 52 $2 52
workability s3 53 53 53 53 53
overall suitability S3mow Sém Sém N2 S4m N2

Table 4.4 gives suitability for improved traditional dryland farming with
sorghum and maize of the Pellic Vertisol.

The cultivation of sorghum under a 1d3 climate is marginally suitable. Limit-
ing factors are moisture availability, oxygen availability and workability.
Under the drier climates (2d3 and 3b4) sorghum becomes very marginally
suitable.

Maize is only very marginally suitable in the Mshalapye climate, and un-
suitable in the other areas. The major constraint is water availability.

4,5 Conclusions
Land qualities

The land quality that has the greatest influence on the land suitability
rating for dryland farming is:

m - moisture availability
The rating of (m) is to a great deal governed by the climatic zone, for which
a new system is presented. Next important are the following land qualities:

n - nutrient availability
r - adequacy of foothold for roots
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Local importance in specific environments have:

- resistance to erosion

- adequacy of conditions for germination
oxygen availability in the root zone

- abgence of toxic substances

- workability

H ot O 0 @
§

The other land qualities only incidentally play a role in dryland farming.
General suitablility for lmproved traditional dryland farming

The climstic zones occurring in the mapped area are:

143 Mahalapye - Serowe
2d3 Francistown - Palapye
3b4 Central Tuli Block
4b3 Bobonong

Some conclusions can be given as for the suitability for sorghum and maize in
these climatic zones, differentiasted into Sandveld and Hardveld.

Sandveld

Land characterized by KS and S soil units occurs in all three climatic zones,
the major part having a texture of fine sand to loamy fine sand. In the
Mahalapye - Serowe (1d3) this land can be considered as very marginally
suitable 84 (subclass S4m) for sorghum, provided these areas have a gain
rather than a loss of water, which is, however, very often not the case. In
Francistown (2d3) and Bobonong zone (3b4) , this land is unsuitable N2Z. The
sands with a higher clay content (loamy fine sand to fine sandy loam), are
very marginally suitable, S4m, in Mahalapye and Francistown zones, and un-
suitable N2 in Bobonong =zone.

Some land in favourable, water receiving position, may be upgraded to mar-
ginally suitable 8§83 (subclass 53mn0, occurring mainly in Mahalapye - Serowe
zone, and to very marginally suitable, S4m, in Bobonong =zone. For maize all
land with predominantly soils of § unit is unsuitable N2

Hardveld

The best land, mainly found in areas where soils on alluvium or granite/gneiss
predominate (for details see section 5.4), is rated as marginally suitable 53
(mainly subclass $3m) in the Mahalapye/Serowe =zone, and as very marginally
suitable S4 (predominantly S4m )} in Francistown zone, both for sorghum. In
the Bobonong area very little land rates S4 is found. Some upgrading is ap-

plicable to land occupying favourable sites. In the Mahalapye-Serowe zone,
only some land with the best soils and in the best position can be considered
as being very marginally suitable, S4, (mainly S4m) for maize. Land in the

other three zones is almost exclusively unsuitable N2 for maize. These
general indications of the suitability of the whole area do not exclude that
where minor land areas exist (in all climatic zones) having optimally
favourable conditions, suitability for sorghum may be better than marginal.
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