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PREFACE

In 19é3 the Land Re-sources Division of the Directorate of

Overseas Surveys investigated the land use prospects of Northern

Bechuanaland and recommended areas of land which had potential for

development. During this reconnaissance investigation much detailed

information was collected which, while pertinent to the conclusions

presented in the report (Langdale-Brov/n and Spooner, 1963), v,-as not

contained in it. It is the purpose of this supplementary bulletin to

present thi3 information, so that it vd.ll be available to workers concerned

with further investigations which are now being undertaken.

C. L. Bascomb was responsible for the analysis of the soil samples;

I, Langdale-Brown and R. J. Spooner were responsible for the interpretation

of the aerial photographs, for collecting the soil sample« and for the field

descriptions.
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INTRODUCTION

The reoonnaissance investigation of the land use prospects in

Northern Bechuanaland covered 65,000 square miles. Vertical, panchromatio

aerial photographs at 1:30,000 or 1:40,000 scale were available for all

this area and photo mosaios at a scale of 1:125,000 were made from them.

5he investigation was undertaker- in four stages:

(a) The sub-division of Northern Beohuanaland into seemingly

uniform tracts of land on the basis of their appearance on

the air photo mosaics.

(b) Stereoscopic examination of sample air photographs from each

tract to check its uniformity and to determine the nature of

the vegetation and the land surface.

(o) Ground sampling (l): a brief description and appraisal of

sample sites from each of the tracts delineated on the photo

mosaics, and selection of the more promising tracts on the

basis of their soils, vegetation, present land use, game, pests,

olimate, water supplies, and communications.

(d) Ground sampling (2): a more detailed examination of the better

tracts of land including the digging and sampling of soil

profile pits followed by an assessment of land capability.

It was decided that eight of the areas whioh were examined in detail

during stage (d) warranted further investigation with a view to specific

development at an early stage, and that a further seven areas merited

longer term consideration. The eight "potential development areas" were

shown on a map at a scale of 1:2,000,000 and their characteristics were

deeoribed in the report (Langdale-Brown and Spooner, I963) together with

an assessment of their possi'le use and recommendations for further aotion.

In this bulletin the landscape units recognised on the photo mosaios

during stage (a) are presented. The vegetation zonos recognised during

the reconnaissance are defined on a second map at 1:2,000,000 scale, and

detailed descriptions of the soils studied during etage (d) are presented.
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PHYSICAL ENVIRONMENT

The land surface of Beohuanaland is a slightly basin shaped plain,

lying mainly between 3,000 feet and 4,000 feet above sea level. Along the

eastern margin, adjacent to the Limpopo Valley and the Bhodesian High Veld

the ground lies above 4,000 feet and, after sloping gently westwards to the

oentre of the Kalahari Basin, it rises again towards the higher ground in

Southwest Afrioa, About eighty-five per oent of the country is covered by

geologically recent wind-blown or fluviatile 3ands of the Kalahari system.

Older rocks outcrop mainly in the eastern part of the country. In northern

Beohuanaland basalt and sandstones of the Karroo system ocour along the

border with Rhodesia near Panda ma tenga. Quartzites, shales, limestones

and lavas of the Sinclair system oocur between Ghanzi and Lake Ngami, Rocks

of this system also form isloated hills such as the Aha Mountains in the

extreme west and the Shinamba Hills in the north east. South and west of

Lake Ngami rocks of the Karroo system are associated with these older rooks.

The geologioal succession for Northern Bechuanaland is given in Table I.

Table I

G-eologioal Succession

(after Boooook and Van Straten 1962)

System Lithology

Kalahari Pan sediments, oalorete, silcrete,

sands, sandstone, grit, conglomerate,

and marl.

Karroo Basalt and minor sandstone.

Sandstone, shales, mudstone and marl.

Waterberg Sandstone, conglomerate, limestone

and shale.

Sinolair Quartz feldspar porphyry and felsite.

Quartzite, shale, greywaoke, limestone

and lava.

The Kalahari is the largest phyaiographio unit in Beohuanaland and it
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extends into Cape Province, into South-West Afrioa, into Zambia and into

Rhodesia. The term Kalahari has been variously used and its extent has

varied depending on the oriteria used to define it. In this bulletin the

boundary of the Kalahari is taken as the geologioal boundary between de-

posits of the Kalahari system and the rooks of the older systems which

surround them.

Within the Kalahari there are two main drainage systems; the Nossop-

Molopo system whioh oooupies rnuoh of the south of Beohuanaland, and the

interior drainage system of the Okavango-Makarikari whioh dominates the

oehtre and the north. Apart from the Chobe river in the extreme north,

the area oovered by this bulletin falls entirely within the Okavango-

Makarikari system.

After entering Beohuanaland near Mchembo in the north-west of the area

the Okavango river flows south-east for about ninety miles in a well defined

ohannel. It then fans out to form an inland delta whioh oovers about 6,000

square miles. Muoh of the inflow sinks in or evaporates; the remainder

drains eastwards by way of the Botletle river to the Makarikari depression

tfhere it finally evaporates. The Chobe river and its tributary called the

Selinda Spillway are part of the Zambezi river system, although the gradi-

ents here are so alight that the Selinda Spillway has been r eported flowing

either into the Chobe or into the Okavango depending on which of these two

rivers is carrying the earlier flood.

In Northern Beohuanaland the Kalahari oan be divided into four regions;

the east-west trending sief dune oomplex in the north-west, the Okavango

swamp, the Makarikari depression and the remaining areas Of relatively

featureless sand veld. One of the most striking features of the area is the

abrupt ohange from the swamps to the sand veld whioh takes place along a

north-east south-west line through Maun. Du Toit (1926) has attributed this

ohange to comparatively reoent faulting and his view is supported by the

south-east margin of these swamps being a seismioally unstable portion of

the orust of southern Afrioa, Jones (-1962) has desoribed a presumed fault

line whioh runs for about seventy miles to the south-west of G-omare, and

van Straten (I963) draws attention to the fact that soattered outorops of
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pre-Karroo rocks in western Ngamiland are all situated to the west of this

presumed fault line and that the sief dune complex is also truncated by

this feature. 'This evidenoe would appear to be strongly in favour of the

concept that the Okavango delta area occupies an extensive graben caused by

comparatively recent faulting in the original (more extensive) basin. A

linearity with a similar trend to the structural line through the base of

the Okavango delta cuts the Ntwetwe branch of the Makarikari and this, in

conjunction with the disposition of outcrops of rocks of Karroo system age

and older, suggests the presence of horst and graben structures in this

part of the internal drainage basin. The effects of warping rather than

actual faulting have however, to be considered in the elecidation of the

structure of this part',

Northern Bechuanaland has a well developed cover of trees, low scrub

and grasses. Over most of the area the regeneration of the larger tree

varieties is apparently at a minimum and in certain parts, as a result of

repeated burning, the savanna woodland has degenerated to pure grass land.

Transport of the sand by wind erosion at the present time only occurs where

the vegetation has been destroyed (Boocock and van Straten, 1962).

The climate of Beohuanaland is generally described as semi-arid.

Virtually all the rain falls during the summer months which are warm and

hot, whereas the winter months are dry and oool. The mean annual rainfall

over most of Northern Bechuanaland is about 18" while higher values are

recorded in the north around Kasane. There are few places where records

have been kept, those which have been published are shown in Table II.
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TABLE H

Mean Monthly and Annual Rainfall in Inches

(from published records of South African
Weather Bureau 1921-1950)•

fcasane

lîaun

thanzi

Eerowe

pranoistown

JAN.

6.45

3.96

4.13

3.92

4.18

FEB.

6.10

3.38

3.58

3.09

3.10

MARCH

4.02

3.30

3.60

3.04

2.80

APL.

1,11

1.02

1.55

0.96

0.71

MAY

O.27

0.18

0.37

0.24

0.16

JUNE

0.02

0.02

0.05

0.07

0.10

JULY

0.00

0.00

0.01

0.06

0.01

AUG.

0.00

0.00

0.01

0.07

0.04

SEPT.

0.11

0.P3

O.O6

0.22

0.05

OCT.

0.67

0.55

O.91

0.95

0.87

NOV.

2.70

1.70

1.75

2.21

2.20

DEC.

5.25

2.89

2.57

3.32

3 .43
!»"*

YEAR

26.68

17.03

18.59

18.15

17.65

The reoords published by the South African weather bureau and the Rhodesian

Meteorologioal Department show that in any one year the total rainfall can be

expeoted to vary considerably from the average. Experienoe also shows that

the rain is sporadic in its occurrence and that there oan be considerable

variation in any one year between adjacent localities. The variation in the

monthly rainfall is muoh greater than that for the annual total; as a rough

guide to the extreme range in these variations, the minimum annual rainfall

is about half the average and the maximum nearly double.

Apart from the Okavango swamps and the immediate vicinity of the

Botletle and Nata rivers surface water issoaroe in northern Bechuanaland

and is only available for brief periods following rain. Neither surfaoe

water nor ground water supplies are obtainable in many areas and where

ground water is found it is often braokiah or saline, van Straten (1963)

has described the ground water potential of Northern Beohuanaland, but

it is worth emphasising here that throughout almost the whole basin highly

mineralised and unusable waters occur at depth. Consequently wherever potable

supplies have been developed bore holes must not be oontinued to a depth

where saline supplies are encountered.
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SOILS ANP VEGETATION

Although Northern Boohuanaland is, in general, remarkably flat,

within each of the four regions mentioned in the previous section there is

much subdued relief in the form of low fixed dunes, sandy hollows, pans

and extinct drainage lines. This variety of minor relief together with

variations in the physiognomy of the vegetation results in many different

types of country which oan be recognised on photo mosaios and by stereo-

scopic examination of the aerial photographs«

During the first stage of the land use reconnaissance thirty-five

different landscape patterns were recognised on the 1:125,000 scale photo

mosaios. Each pattern was given a name describing the main faotor by whioh

it was identified; where similar patterns oocurred in widely separated areas

these were differentiated by aif f ix letters. The landscape patterns have

been grouped into eight major categories as shown in Table III and mosaios

at 1:250,000 scale and 1:500,000 soale showing their distribution have

been supplied to the Department of Agriculture.

Table III

Preliminary Air Photo Analysis

Landsoape pattern Landsoape Pattern

Al Woodland El Swamp
2 Woodland savanna mosaic 2 Seasonal swamp A
3 Woodland savanna pitted mosaic 3 Seasonal swamp B

if Seasonal swamp C
5 Swamp savanna

Bl Dense savanna Fl Flooded dune
2 Savanna 2 Dune A
3 Open Savanna 3 Dune B
if Striped savanna 4 Dune C
5 Savanna grassland 5 Dune D
6 Savanna cultivation 6 Dune E

7 Dune F
Cl Grassland § Dune G
2 Grassland A Dune H
3 Grassland B
4 Grassland/Thicket mosaic Gl Rook A
5 Soattered tree grassland 2 Rook B

Dl Salt grass HI Ngami Basin
2 Salt pan
3 Salt pan mosaio
4 Salt lake
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Most of the soils of Northern Beohuanaland have been derived from

predominately aeolian sands of the Kalahari system. The main exceptions

to this are found in the Okavango delta and in the Makariki depression

where more silty soils derived from alluvial material occur, and in the

areas between Ghanzi and Lake Ngami and near Panda ma tenga where older

rocks lie near or at the surfaoe and dominate soil formation.

Soils developed on the Kalahari sands have only poorly developed pro-

files and loose top soils. The vegetation on this sandveld ranges from a

S
monotonous sorub 5 feet to 9 feet high dominated by Terminalia gerioea.

_ _ _ _ _ _ ;

Grewia flavesoens. Bauhinia maorantha and Diohrostaohys cinerea with a

sparse grass cover of Aristftida species to an open Aristida grassland with

a few low bushes. The extensive longitudinal sief dunes in the north and

west consist of parallel ridges some 50 feet high and between one and five

miles apart with a more or less east to west orientation. They have loose

sandy soil and support open savanna communities dominated by Burkea afrioana

and Pterooarpus angolensis. The soils in the intervening lower lying areas

are poorly drained oompacted sands and they support areas of low G-rewia

scrub and grassland with wide spaced Lonchooarpus nelsii.

Er'jensive woodlands dominated by BJifeJeiaea plurijufta are found in the

north east between Kasane and Panda ma tenga, while savanna communities

dominated by Burkea africana extend in a broad belt from Kachikau south

eastwards towards Odiakwe.

The Okavango delta consists of swamp and grassland communities along

drainage lines (e.g. Cyperus papyrus and Phragnites sp. swamps and Cynodon

daotylon flood plain grassland) separated by large areas of savanna domin-

ated by Acacia giraffae and Colophospermum mopane. The former is associated

with a fairly good cover of Cenchrus ciliaris, Panicum makarikariensis.

Diftitaria and Sohmidtia spp. while the latter has a sparse cover of Aristida

and Digitaria spp. Fringing the drainage lines there is a belt of wood-

land with frequent Fious syoomorus. Lonchooarpus oapassa. Combretum imberbe

and Diospyros mespiliformis.

Extensive grasslands dominated by Odyssea pauoinervis and Sporobolus"

spioatus occur on the alkaline soils around the Makarikari salt pans.

The following paragraphs describe some of the better soils of northern
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Beohuanaland reoognised during the investigation of the land use prospects.

They comprise the field descriptions and analytical data for sample pro-

files from the more promising tracts together with some notes on their pre-

sent and possible future use. The location of eaoh profile is shown on the

map. Most of the profiles lie within the influenoe of the Qkavango or

Botletle rivers, the areas of sandveld with poorly developed sandy soils

have not been studied in any detail. Table VI shows the soils represented

by these profiles grouped in terms of the units used for the soils map of

Africa (J. L. d'Hoore, 1964). Analytical determinations have been made on

samples from one profile at all but one of the eleven sites A - L shown on

the map. The methods used for these analyses are given in the appendix.

An idea of the overall environmental pattern oan be obtained from the

distribution of the fourteen vegetation zones shown on thfc. map. The oom-

position of eaoh vegetation zone is given in the map legend; a fuller

aooount of the composition of the vegetation of Northern Bechuanaland is

given by de Beer (1962).

K.
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TABLE IV

CLASSIFICATION OF NORTHERN BSCHUANALAND SOILS IN TERMS OF

J. L. D'HOORE'S MAPPING- UNITS

(Soil Map of Africa, ECT Publication No. 93, 1964 )

Mapping unit Soil Profile reference

WEAKLY DEVELOPED SOILS

Ba Lithosols (skeletal Soils) and lithio D
soils on lava.

Bo Juvenile soils on recent deposits, B,F,G,
on riverine and lacustrine alluvium

VTCRTISOLS AND-SIMILAR SOILS

Da Derived from rocks rich in ferromagnesian C
minerals

HALOMORHIIC SOILS

Ma. Solonetz and solodized solanetz. I
Mb. Saline, alkali and saline alkali soils J,K
Md. Soils of lunettes L

HYDROHORPHIC SOILS

Na. Mineral hydromorphic so i l s E,H
Nb. Organic hjidromorphic so i l s A
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Horizon

PROFILE 'A'

Depth in inches

0 - 9

Description

10YR2/1 (Moist) black, 10YR4/1
(dry) dark grey silt; structure-
less; even consistence; abundant roots

fo Clay

loss on ignition

9 - 2 4 5YR2/2 (moist) very dark brown,
5YR3/2 (dry) dark reddish brown
peat« structureless; spongey con-
sistence; occasional roots.

24 - 40 10YR6/2 (moist) light brownish
grey and dry sand; structureless;
loose consistence; occasional roots,

Horizon

% Coarse sand

% Fine sand

fo American silt

1

n.è.

n.d.

n.d.

2

n.d.

n.d.

n.d.

3

85

10

2

n.d.

17.4

Exchange able cations Ca

— o

m.c./lûO1 crams-—-

n.d.

n.d.

58.3

n.d.

0.7

% Organic carbon

% Total nitrogen

C/N ratio

5.4

0.41

13

31.8

1.93

17

n.d.

n.d.

n.d.

0.24

V
Na+

H+ equiv.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

0.11

0.02

0.01

1.10

Cation exchange capacity

% Base saturation

pH in water

pH i n ^ C a C ^

n.d.

n.d.

4.5

n.d.

n.d.

4.6

4.0

1.5

27

5.5

4.9
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PROFILE 'A'

Peaty Alluvium

This soil was sampled some 10 miles north-east of Nokaneng on the

western side of the Okavango Delta, where it ooours as a fringe, 50 to 200

yards wido, on either side of the Taoghe River. The land is very nearly

flat, the fall of the river being approximately 1 foot per mile (Bell, 1962).

The soil is permanently waterlogged below a depth of 24 inches and is

flooded annually.

The natural vegetation is a herbaceous mixture with abundant

Pennisetum glauoocladum. Cynodon dactylon and Sesbania sp. and occasional

Phragnitea and Cyperus sp.

This organic Hydromorphio soil consists of three distinot layers: a

topsoil tôiich is a worked mixture of peat and fine grained alluvium, a peat

layer and a coarse sand layer. A dominant feature is the high oontent of

organic matter whioh is well humified in the surface layer but there is a

serious deficiency of bases and the aoidity is high. The annual flood

appears to deposit a sufficient quantity of silt to maintain the product-

ivity of the soil at a high level despite the serious deficiency of bases

in the underlying sand.

Areas of this soil are sought out by the Bayei people for Maize pro-

duction. It is an extremely productive soil and yields of up to 3 tons of

MaiBe an aore have been reported. Provided that the water balance is not

upset this and other aoid-tolerant oropa such as rice and possibly cotton,

merit further investigation for future development.
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Horison

1

PROFILE 'B*

Depth in inches

0 - 6

6-30

30 - 60

Exchangeable oations Ca 23.6

n.o./lOO grams

Cation exohange capaoity

Descriptions

5Ï2/1 (moist) blaok, 5YR4/1
(dry) dark grey silty clay
loam; blooky struoture; firm
consistenoe; abundant roots,

5T2/1 (moist) blaok, 5Y5/1
(dry) grey olay; blooky struc-
ture; firm oonsistence; fre-
quent roots.

7.5ÏH7/2 (moist) pinkish grey,
7.5YR8/2 (dry) pinkish vfaite
sand; atruotureloss; loose
consistenoe; frequent roots.

Horizon

% Coarse sand

fo Fine sand

% .American silt

% Clay

% loss on ignition

% Organic oarbon

% Total nitrogon

C/N ratio

1

n.d.

n.d.

n.d.

n.d.

12.4

3.5

0.31

11

2

7

9

33

43

7.8

n.d.

n.d.

n.d.

3

56

41

1

0

0.6

n.d, "

n.d.

n.d.

18.1 0.61

Mg++

K*

Na+

4.71

1.53

0.53

+ equiv,
ü 5.9

2.81

0.23

1.58

3.6

0.12

0.03

0.08

0.3

% Base saturation

pH in water

pH in M CaCl9
1 0 0 ^ •

36.3

84

6.5

6.0

26.3

.86

6.7

6.2

1.1

73

5.8

5.6
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B.

G-rey Silty Clay Loam

Grey olay loams ooour throughout the Nokaneng Flats - a flood

plain of about 130 square miles on the western side of the Okavango

Delta. The sample profile was looated near profile, A, about 10 miles

north-east of Nokaneng. The profile showed 2 distinot layers : a silt-

olay mixture down to about 30 inohes depth underlain by coarse sand,

the first being further differentiated ohemioally and physioally above

and below 6 inohes«

The vegetation is a Cynodon daotylon grassland (see Plate l) whioh

Is persistently grazed with a high density of livestook« This use oould

oontinue indefinitely provided small adjustments were made to livestook

numbers to attune them to the oarrying oapaoity of the pasture« The area

also has possibilities for arable fanning under irrigation and reoommendations

have been made for a detailed soil survey and agronomio trials (Langdale-Brown

and Spooner, 1963)*



PROFIT 'C'

Horizon

0 - 6

6-20

7.5YR2/O (Moist) blaok, 7..5YB.3/O ,(*xy) very
dark grey clay; columnar structure;
plastic consistence; -j" CàCo, fragments.

7.5ÏR2/O (moist) black, 7.5YR3/O (dry)
very-dark grey clay; columnar structure;
plastic consistence; £-" CaCo-, fragments.

Horizon

Coarse sand

f* i'otal nitrogen

C/N ratio

Exchangeable cations Ca

ra,ü./l00 grams

Cation exchange capacity

8

0.06

18

37.1

55.8

% Fine. sand.

$ American'silt

% Clay

% loss on ignition.

% Organic carbon

0

21 ;

66

6.7

. •• . • ; 1 . 1 .'• "

11

' 16 '

64

6.6

• 1 . 0

0.06

17

39.5

Mg*+

K+

Na+

H+ -
equiv.

12.1

2.02

0.29

4.3

11.8

2.05

0.48

3.4

57.2

'/o Base saturation

pH in water

pH in M CaCl
100

92

7.1

6.5

94

7.7

7.0
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PROFILE 'C'

Black Clay

A wide area of poorly drained black clay soil occupies a major part

of the old Commonwealth Development Corporation ranoh at Panda ma Tenga.

The topography oomprises a gentle upland with a number of large depressions

separated by low.ridges. This profile was sited in one of the depressions.

The pit was stopped at 20 inches owing to the hardness of the soil. Auger-

ing below this level showed that the black clay was more than 48 inches

with calcrete fragments becoming commoner between 24 and 48 inches, deep

The organic matter content is moderate but not well humified. The high

exohange capacity suggests a montmorillonite-type clay, the drainage of

whioh poses a problem to cultivation.

The vegetation is a secondary grassland dominated by Setaria sphacelata.

Other grasses present inolude Uroohloa sp., Panicuin coloratura, Dicanthium

papillosum. Hyparrhenia and Andropogon spp. There are also remnants of

the vegetation which preoeded olearing operations: Combretum imberbe.

Acacia nilotica subsp. subalata and Colophospermum mopane.

For several years in the recent past this soil was used for the pro-

duction of crops, it has now, however reverted to mixed types of grazing.

There are two major limitations to its further use for propping^ First the

intractability of the soil when wet which results in cultivation only being

possible for short periods; second a lack of sufficient data on whioh to

base a cropping system whioh can overcome this disability. Until such time

as this second problem is solved, the most suitable use for this soil would

be for depasturing stook under a system of controlled management.
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PROFILE «D«

Depth (in inohea)

0 - 1 1

1 1 - 1 8

At 48

Description

5ÏB2/2 (Moist) dark reddish
brovm, 7.5YRV2 (dry) brown
clay loam; vertical fissures;
some rounded rock fragments;
oooasional roots.

2.YR3"3 (moist) dusky red,
2.5ÏH5/2 (dry) weak red rotted
rock, layered horizontally;
calcrete fragments; rare
roots.

Basalt lava.

NO CHEMICAL ANALYSES
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PROFILE 'D'

Reddish Brown Clay Loam

Thia is a lithosolio soil derived from basalt. It was found on à li>w

gravel ridge overlooking the clay depressions desoribod under profile 'C'.

The vegetation is a woodland dominated by Colophospermum mopane.

Lonohocarpus oapassa. Solerocarya oaffra and Baikiaea plurijuga with a

sparse cover of Aristide. Heteropogon oontortus and Hyparrhenia sp.

At present this vegetation supports a mixed type of grazing and these

areas are used for extensive cattle ranching. This is a system appro-

priate to their potential as far as i3 at present known. Further know-

ledge of the soils• behaviour in supporting a limited range of crops

might extend its usefulness in the future, though shallowness would seem

to preclude this.
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PROFILE E.

Horizon Depth (ins)

0

1 Û-/O

9-36

Surface litter.

10YR3/1 (moist) very dark grey,
(dry) dark grey clay; structureless;
loose consistence; abundant roots.

10YR3/2 (moist) very dark greyish brovm
10YR4/2 (dry) dark greyish brovm clay;
structureless; loose consistence;
abundant roots.

1OYR3/2 (moist) very dark greyish brown
10YE4/2 (dry) dark greyish brown clay,
mottled red-brown in layers; columnar
structure firm, plastic consistence.

Horizon

% Coarse sand

% Fine sand

% American silt

$ Clay

fo less on ignition

% Organic carbon

% Total nitrogen

C/N ratio

-1
o

12.8

3*5

0.35

10

o

13.9

4.4

0.33

13

n
7

13.6

n.d.

n.d.

n.d.

Exchangeable cations Ca++

m.e./lOO grams

Cation exchange capacity

% Base saturation 67

pH in water

54

Ca++

lig

Na+

equiv.

ity

16.1

5.7

2.84

0.59

12.3

37.5

13.2

5.0

1.40

0.55

17.5

37.8

13.9

4.2

0.58

0.43

17.4

36.5

52

5.1 4.1 .ÙC&- 4.2

PH 4.4



PROFILE E.

Grey Clay

Soils of this type occur througout the Lake Ngami flood plain at

the southern extremity of the Okavango Delta. The sample profile was

located 2 miles south of Sehitwa in an area of Cynodon daotylon grassland

T/ith Sesbania sp. sub-shrub (plate 2).

This soil is strongly acid and the finer particles are strongly

agre£,ated with oxides. Mottling below a depth of 9 inches is indicative

of the impeded drainage of this area while dead trees on the fringe of

the grassland (Plate 3) are the result of a recent high flood.

At present this grassland is used for grazing and supports mixed

livestock in very large numbers. Such use has led to denudation of the

soil surface. The predominance of Çvnodon dact^lon could be maintained and

its productivity, and the stability of the soil, oould be improved by

a more rational system of pasture management. Alternatively, setting aside

the human problems of a population with strong pastoral traditions these

soils could probably be U3ed for crop production under irrigation. Detailed

pasture and soil surveys and agronomic trials have been recommended to

investigate these possibilities.
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Horison

1,

Horison

% Coarse sand

% Fino sand

American silt

% Clay

Loss on ignition

% Organic carbon

Total nitrog.ai

C/N ratio

PROFILE 'F'

Dep_th_ in^ inch.es

0 - 4

4 - 34

34 - 48

Description

IOO4/2 (moist) dark greyish
brorai, 10YR5/2 (dry) greyish
brown fine sand; structureless;
loose to friable consistence;
abundant roots.

10YR5/2 (moist) greyish brown,
10YR6/2 (dry) light brownish .grey
fine sand; structureless; compact;
occasional roots.

1OYR5/3 (moist) brom, 10YRé/3
(dry pale brown fine sand, slight-
ly mottled; structureless; com-
pact, rare roots.

34

2

5

2

32
•KAM SI

64

1.9

0.9

0.08

11

1

2

0.5

n.d.

n.d.

36

57

1

6

0.8

Exchangeable cations Ca 1.21

m.c./lOO grams

n.d.

0.95

n.d.

n.d.

n.d.

2.54

Mg++ 0.41 0.28 0.74

O.26 0.09 O.26

Na"1 0.03 0.06 0.12

0.5 0.4

Cation Exchange Capacity 3.2

Base saturation

pH in water

59

1.9

74

6.2

4.1

90

pH in M CaCl
100 5.1

6.8

6.3



PROFILE •'

This profile was sited on the fringe of the Lake Ngami flood plain

2 miles East „of Sohitwa. It showed a distinct topsoil about k inches

deep, darker and raoister than the remainder, v/hioh graded imperceptibly

with depth from grey-brown to brown.

The soil is almost entirely dependent on organic matter supply for

moisture and nutrient retention. It supports a savanna community in

which Acacia giraffae is associated with grasses of the genera ChjLoria,

Eragrostis, Schmidtia and Uroohloa (Plate k).

The, grass cover is of low productivity and has been grazed heavily

for a long time. While its main possibilities appear to lie in a system

of livestock production it is clear that improvements could result from a

careful balancing of stock numbers with the growth of the sward.



Hprison

1

Depth in inchos

0 - 1?,

12 - 40

40 - 72

Horison

Doscription

IOYI3/I fmoist) very dark grey.
10YB4/1 (dry) dark grey sand;
structureless; loose consistence;
abundant roots.

10YR4/2 (moist) dark greyish brown,
10YR5/2 (dry) greyish brown sand;
structureless, loose consistence;
frequent roots.

10YR6/3 (moist) pale brown,
10YR7/3 (dry) very pale brown
sand; structureless; compact
occasional roots.

.6.»

fo Coarse sand

Fine sand

fo American silt

% Clay

fc Loss on ignition

% Organic carbon

% Total nitrogen 0.11

C/N Ratio 11 n.d. n.d.

Exchangeable cations Ca 6.2 2.5 8.7

Mg++ 0.96 0.82

m.c./lOO grams
0.33 O.29

2.44

0.54

Na 0.03 0.02 0.02

H 0.7 0.4

Cation Exchange Capacity 8.4 4.7 12.1

% Base saturation 89 85 97

pH in water 7.3 8.4

pH in M CaClo
ICO 2 6.9 7.1 8.0



Sroy Sand.

This typo of soil occurs throughout the Okavango Delta on tho

higher ground between tho drainage lines. The profile was sited on the

Moshu Experimental Farm where the vegetation consisted of a mixed savanna

with JLo_l̂ ph_o_sp-ermum mopano, Terminalia sericea, Acacia nilotica subsp.

subalata A. giraffae and Rhus burchelli common among the trees and an

open cover of Digitaria sp. Aristida sp., Panig_um_._makariniariensis and

Cenchrus_ ojLliaris (see Plate 5).

This soil is almost entirely dependent on organic matter supply

for moisture and nutrient retention. It is largely unused at present

owing to the incidence of tsetse flies and tho dangers of human and bovine

trypanosomiasis. Efforts are being made to clear the area of tsetse flies

and a series of agronomic trials has been started to determine the possi-

bilities of this soil for arable agriculture.
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Horizon

PROFILE 'H'

Depth in inches

0 - 6

6 -36

36 - 72

Description

1OYR2/1 (moist black, lOYEii/l
(dry) dark grey fine sand;
structureless; loose consistence;
abundant roots.

Exchangeable cations Ca 3.3

m.o./lOO grams

10YR2/1 (moist) black, Bk/
(dry) dark grey fine sandy clay
loam; columnar structure; firm
consistenoe; frequent roots,

10YR3/1 (moist very dark grey,
10YR5/1 (dry) grey fine sandy
day loam; oolumnar structure;

Horizon

% Coarse sand

fo Pine sand

% American s i l t

% Clay

a>\
1

36

48

6

8

2 5<^

30

3 4 ^ ,

3

23

3

22

40

5

33

% Loss on ignition

% Organic carbon

% Total nitrogen

C/N Rat-'o

2.1

1.4

0.07

20

2.4

n.d.

n.d.

n.d.

3.4

n.d.

n.d.

n.d.

6.8 8.8

Mg + +

K+

NaK

H + 0

0.59

0.13

0.14
quil4

2,12

0.37

0.18

0.9

3.20

0.33

0.25

1.6

Cation Exohange Capaoity

% Base saturation

pH in water

pHinM 3aClo
10*0 *

5.5

15

<>.3/$,Q,

5.5 tffl'i

10.4

91

CleL 6.8 ßliJ»

14.2

89

* 7.1 jrnk^-



PROFILE %l

y-Sandy Clay Loam

This profile was located on a drainage lino within the Okavango_

Delta closo to profile 'G-̂  on the Moshu Experimental Farm (Plate 5). The

soil is inundated for 2 to 3 months eaoh year and supports a grassland with

abundant Sgtaria sphacelata. Panicum sp. and Juncus sp. Better drainage

would improve humification of organic matter. The main differences between

the soil of this profile and that of profile 'G1 lie in their texture and

drainage. The higher clay fraction in 'H • wruld make it much harder to

cultivate than 'G-1, and there is the additional hazard of seasonal flood-

ing. Flood control could lead to the use of this soil for irrigation farm-

ing and experiments are in progress to determine the possibilities for

both rain fed and irrigated crops.



- 28 -

Horizon

,. C/N ratio

PROFILE I

Depth (ins.)

0 - 12

12- 16

10YR4/1 (moist) dark grey
10YR5/1 (dry) grey silt^loam;
structureless; loose consistence;
abundant roots.

10YR4/1 (moist) dark gre;',
10YR5/1 (dry)

16 - 50

50 - 60

structureless; loose consistence;
abundant roots,

10YR4/1 (moist) dark grey,
IOYR.5/I (dry) grey Qlay loam;
blocky structure; firm consistence;
frequent roots.

10YR7/1 (moist) light grey, \
10YR8/1 (dry) white clay loam; \
structureless; firm consistence;
rare, roots.

Horizon

% Coarse sand

'o Pine sand

% American silt

f/o Clay

fo Loss on ignition

fo CaCOp equiv.

% Organic carbon

f> Total Nitrogen

1

n.d.

n.d.

n.d.

n.d.

10.4

1.2

0.24

2

n.d.

n.d.

n.d.

n.d.

19.0

8.0

1.4

0.14

3

6

14

40

35

6.7

1.0

n.d

n,d.

4

n.d

n.d.

n.d.

n.d.

6.2

7.9

n.d.

n.d.

Exchangeable cations Ca'

m.e./l00 grams

Ca++

Mg + +

K+

Na+

H +

equiv

11

n.d.

n.d.

n.d.

n.d.

n.d.

10

n.d«

n.d.

n.d.

n.d.

n.d.

n.d.

15.7

28.0

1.49

8.94

0.4

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

Cation exchange capacity n.d. n.d. 54.5 n.d.

% Base saturation

pH in water

pH in M CaClp
100

n.d.

7.8

7.5

n.d.

9.2

8.5

99

8.7

8.1

n.d.

8.2

7.9
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PROFILE I

Grey Silt Loam

This profile was looated on a flat area between two drainage linos

3 miles south of Rakops (Plate 6). The soil supports grass-land dominated

by Cynooon daotylon. whioh is heavily grazed by oattle. In some looalities

this soil is oultiyated and saall grain oereal oropa are grown.

The high exchangeable sodium ( 20$ of the sum of metal oationa) and

high pH indioate a salinity problem.
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PROFILE J

Horizon

1

Depth (ins.)

0-6

6 - 13

13-40

10YR3/1 {moist) very dark grey,
10YR4/1 (dry) dark grey loam;
structureless; loose consiotenoo;
abundant roots»

10YR3/1 (moist) very dark grey,
10YB4/1 (dry) dark grey fine sandy clay
loam; structureless; loose consistence;
abundant roots«

10YB4/1 fmoist) dark grey,
10YR5/1 (dry) grey fine sandy loam;
structureless; firm consistence;
compact; frequent roots.

5

Horison

4 0 - 4 4 10YR3/1 (moist) very dark grey
10YB4/1 (dry) dark grey loamy fine sand;
structureless; firm consistence;
occasional old roots.

44 - 50 10YR5/1 (moist and dry) grey fine sand;
structureless; firm consistence.

% Coarse sand

fp Pine sand

% American silt

% Clay

% Loss un ignition

% CaCo„ equiv.

% Organio oarbon

% Total nitrogen

C/N ratio

6

22

44

22

8.6

2.3

2.4

0.20

12

9

35

27

26

5.8

1.0

1.6

0.15

11

22

61

8

8

1.7

Tr.

0.5

0.05

10

7

65

12

16

1.9

nil

0.5

0.04

13

11

83

5

1

0.5

nil

n.d

n.d

n.d.

Exchangeable cations Ca

m.e./LOO grams

n.d n.d« n.d 6.1 1.4

Mg++

K+

Na+

H+ equiv.

n.d.

n.d«

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

n.d.

A.d,

n.d.

n.do

1.71

0.42

0.22

1.0

0

0

0

0

.36

.11

.05

.7
Cation exchange oapaqity

% Base saturation

pH in water

pH in M CaCl«
100 ù

n.d.

n.d.

8.5

7.8

n.d.

n.d.

- 8.8

8.0

n.d.

nod.

7.9

7.4 '

9.4
89

8.0

7.3

2.6

73

"J.2

6.7
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PROFILE J.

Grey Loam

This profile was dug in cultivated land in an old drainage

ohannel adjacent to soil I, 3 miles south of Rakops in the Makarikari

Depression (Plate 7). The profile showed a succession of dark and light

horizons below 40 inches which are presumably successive deposits of water-

bora material.

This soil is used in preference to soil I to grow maize and sorghum;

possibly on account of its greater moisture or because it has a different

nutrient status. The surface layers are alkaline.



S 'K.'

Horizon Depth in inohes

0 - 9

9-13

23 - 24

Descri

^ (noist) dark grey, i
5/l (dry) groy siJty clay;
structureless} looso oonsistenoe;
abundant roots.

2.5YR5/2 (moist) weak red, 2.5
YE6/2 (dry) pale red silty clay;
structureless; loose consistence;
occasional roots,

10YR3/1 (moist) very dark grey;
10YR4/1 (dry) dark grey silty
day; structureless; loose oonsis-

; oooasional roots.

Horizon

fo Coarse sand

fo Pine sand

fo Amerioan s i l t

fo Clay

Loss on ignitien

CaCOg equiv.

% Organic oarbon

fo Total nitrog n

C/N Ratio

1

9.5

7.3

5.0

0.38

13

2

>35

4.8

5.3

n.d.

n.d.

n.d.

3

>40

7.9

0.8

n.d.

n.d.

n.d.

++Exchangeable oations Ca n.d.

m.o./lOO grams

n.d. 22.2

Mg++

K+

Na+

H+ e q

n.d.

n.d.

n.d.

•uâya.

n.d.

n.d.

n.d.

n.d.

8.12

3.21

9.96

1.4

Cation Exchange Capaoity

% Base Saturation

pH in water

pH in M CaCl,
1 0 0 •

8.8

8.2

«

8.7

8.3

44.9

97

7.7

7.6
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PROFILE 'K'

G-rey Silty Clay

This grey silty olay was sampled on a grass plain adjoining Lake Dow

in the Makarikari Depression. Three horizons were distinguished - the

middle one, from 9 to 13 inohes, being diatomaoeous in origin.

The finer particles in this profile were strongly aggregated with

oxides. The high exchangeable sodium (G5$ of the sum of metal oations)

and the high pH throughout the profile indioate a salinity problem.

A mineralogioal examination of the middle horizon showed that it was

oomposed largely of opaline silioa (isotropio, non crystalline, refractive

index approx. 1.43). The most numerous forms in which this oooured were:

(a) Valves of Diatoms, suoh as Pinnularia sp.,

(b) Fragmentary sponge spioules,

(o) Phytoliths - silioeous reinforcements of large plants,

possibly grasses.

In addition there were some olay mineral aggregates of unknown oom-

position, which were partly biréfringent, and oooasional detrital grains

of quartz sand.

Opaline material from organio matter ooours fairly oommonly in soils

(Smithson, 1956, 1959), but rarely to the large extent seen in this sample.

The abundance of diatoms and fragments of diatoms supports the idea that

this horizon is derived largely from diatomaoeous earth.

The oommonest grasses in this area are Cynodon daotylon. Sporobolus

spioatus and Odyssea pauoinervis. They are heavily grazed by oattie and

small stook.



Horison

1
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PROFILE 'L<

Depth in inches

7 -18

1 8 - 4 2

42 - 72

Description

JCÏH4/1 (moist) dark grey,
1OYR5/2 (dry) greyish brcwn
fine sand; structureless;
even oonsistence; abundant
roots.

10YE4/1 (moist) dark grey,
10YR5/2 (dry) greyish brown
fine sand; structureless;
even oonsistence; abundant
roots.

1OYR5/2 (moist) greyish
brown, 1SYR6/2 (dry) light
brownish grey loamy fine
sand; structureless; even
oonsistence; occasional
roots.

7.5YR6/2 (moist) pinkish grey,
7.5YR7/2 (dry) pinkish grey
fine sand; structureless;
even oonsistence; rare roots.

Horizon

% Coarse sand

% Pine sand

% American silt

% Clay

% Loss on ignition

CaCo2 equiv.

% Organio oarbon

% Total nitrogen

C/N Ratio

Exchangeable oations Ca H

1

39

51

2 -

7

1.9

1.2

0.6

0.06

10 -

n.d.

2

38

45

4

8

2.1

3.3

0.6

0.05

12

n.d.

3

34

46

6

13

2.3

10.5

n.d.

n.d.

n.d.

n.d. .

4
14

84

1

1

1.6

12.4

n.d.

n.d.

n.d.

n.d.

m.o./lOO.grama

Mg"

K+

H+ e

n.d.

n.d.

1.56

0.44

Nil

n.d.

n.d.

n.d.

n.d.

- n.d.

. n.d.

Cation exchange oapaoity

% Base Saturation

pH in water

pH in M CaCl-
1Ô0 *

n.d.

n.d.

8.2

7.7

n.d.

n.d.

8.3

7.8

n

n

8

7

.d.

.d.

.4

.8

n.d.

n.d.

8.9

8.1



PROFILE 'L'

Greyish Brown Sand

This soil ooours extensively to the north-west of the Makarikari

salt pans. The sample profile was looated approximately 10 miles south

east of Sihoro in a DigLtaria-Odyssea grassland (Plate 8). It is largely

dependent on organio matter supply for moisture and nutrient retention.

This grassland area is remote and unpopulated, and is seasonally

grazed "by game, mainly Wildebeest e, There would "be soope for improved

range utilization using oattle provided adequate water supplies could be

provided.
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APPENDIX

Methods of Analysis

Preparation of sample: The soil taken from the field was air dried and,

using a Rukuhia soil grinder (Waters and Sweetman, 1955), orushed to pass

a 2mm soreeno A sub-sample was ground in a Morrioe mechanical pestle

and mortar (agate) to pass a 0.5 mm sieve. The 2mm sample was used for

all determinations exoept carbon, nitrogen and oalcium oarbonate equiva-

lent which were made on the 0.5 mm sample.

Mechanical analysis; Sodium hexa-metaphosphate (tîalgon1) and sodium

hypochlorite were used for dispersion. Caloium oarbonate was not dis-

solved. Sedimentation analysis for fractions 50/ was done with the

Bouyoucos hydrometer (Bouyouoos, 1951); appropriate sieves were used for

the coarser fractions, •

Loss on ignition; This value was determined using a muffle furnaoe main-

tained at 850cC and was oorrected for decomposition of caloium oarbonate,

where this was present.

CaloiuTT. carbonate équivalent; A oalcimetor (Basoomb, 19él) was used to

measure the volume of oarbon dioxide evolved from the sample on treatment

with 1:3 hydroohlorio aoid. This volume was calculated to the equivalent

amount of calcium oarbonate irrespective of whether other oarbonates con-

tribute to it,

Organio carbon; Tinsley's (1950) procedure of wet oxidation under reflux

with a mixture of 0,i;N sodium diohromate, 15N flulphurlo acid and 3N phos-

phoric aoid, at 140°C f or 2 hours, was used to determine the amount of or-

ganio oarbon present. The exoess of dichromate was titrated against fer-

rous ammonium sulphate using barium diphenylamine sulphonate as indicator.

Total Nitroasnt A Kieldahl digestion was followod by steam distillation

of an aliquot using a Hoskins (191*4) apparatus. The distillate was ab-

sorbed in borio acid and titrated with 0.01N hydroohlorio aoid,

pH measurements: These measurements were made eleotrometrically in a

1:2,5 suspension of soil (a) in water and (fc) in 0.01M oaloium ohloride

(Sohofield and Taylor, 1955).
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Exchangeable bases: The soil V.-M icached with neutral normal r,.tnjnonium

acetate. Sodium and potassium in the leachate were determined directly

using an Sel flame photometer; calcium was determined in the same apparat is

after the addition of magnesium as release agent (Rowe, 1963) Magnesium was

determined spectro&raphically using a porous cup technique (Scott and Ure,

1958).

Exchangeable hydrogen equivalent; A modification of the method developed

by Modos (1943) was used. The 30Ü was equilibrated with 0.2N ammonium

hydroxide and formaldehyde added. After shaking, the formaldehyde was

centrifuged off with 0.1N ßodium hydroxide and 2.5N barium chloride added.

The supernatant liquid vvas then titrated.

"•'Sieve sizes

Coarse sand 200 - 2,000 /**

Fine sand 50 - 200 / u

American silt 2 - 50 /"

Clay less than 2 / u



- 3 9 -

REFERENCES

Baaoomb, C. L.

de Beer, J. S.

Bell, H.

1961

I962

I962

Boocook, C.
& van Straten, O.J.

Bouyoucos, G.. J.

Du Toit, A.L.

d'Hoore, J. L.

Hoskins, J. L.

Jone3, M. T.

1962

1951

1926

I964

1944

1962

Langdale-Brown I I963
& Spooner R.J.

Mados. L.

Rowe J. J.

Schofiold, R. K.
& Taylor, A.W.

Scott, R. 0. & Ure,

Smithson, F.

Smithson, F.

Tinsley, J.

1943

1963

Ï.955

A.M. 19

I956

1959

1950

van Straten. 0. J.

Chem. A Ind. No. 45, 1826-7

Provisional Vegetation Map of the
Bechuanaland Protectorate (Mimeo.)

F.A.O. Report on Irrigable Areas
of Western Bechuanaland (Mimeo.)

Notes on the Geology and Hydrogeology
of the Central Kalahari Region
Trans, Geol, Soo. S. Afr. Vol. LXV
part 1. 125-176
Agron. J. 4̂3 434

Report of the Kalahari Reconnaissance
of I925. Irrigation Department;
Pretoria.

Soil Map of Africa scale 1:5,000,000
Explanatory Monographe C.C.T.A.
publication number 93. Lagos.

Analyst §2 271

Report on photogrological study
of the area between the Okanvango Swasipa
and the South Wost Africa border.
Unpublished report, Geological Survey
Bechuanaland.

Land Use Prospecta of Northern
Bechuanaland, Directorate of Overseas
Surveys, Development Study No. 1

Bodenk u. Pfl Ernähr 32 351-$,..v,

Geochim et Cos,ochira Acta 2£ No, 8
915.

J. Soil Sei. 6 No. 1, 137

A.M. 1958 Analyst 83 561-70

J. Soil Sei. 7 12Ô

J. Soil Sei. 10 105

Trans. 4th Int. Congr. Soil
Soi. 1 I6I-4

I963 A note on the Ground Water Potential
of certain areas adjacent to the
Main Internal Drainage System of
Northern Beohuanaland. Appendix II
in Directorate of Overseas Surveys
Development Study number 1,

Waters, D. F. &
Sweetman, I. C.

1955 Soil Sei. 22



Heavily grazed Cynodon dactylon grassland on grey silty clay loam (Profile B) on flood
plain within the area of the Okavango Delta (Nokaneng Flati).

Plate 1

Cynodon dëctyton grassland with Sesosnii ip. on grey clay (Profile E) on Like Ngami
flood plain at the louthern extremity of the Okavango Delta.

Plate 2



Extensive view of Lake Ngami flood plain showing Cynodon daciylon grassland and dead
Acacia giraffae trees - a result of an exceptionally high flood about 5 years ago (near site
of profile E).

Plate 3

Acacia giraffae savanna with grasses of the genera Ch/orrs. Erogrostii, Schmidtia and Uroch/oa
on a sandy soil (Profile F) on higher lying land adjoining the Lake Ngami flood plain.

Plate 4



Seasonal swamp grassland on sandy clay loam (Profile H) at Moshu within the Okavango
Delta. This photograph also shows Fringing Woodland with Lonchocarpus capassa and
Diospyros meipi/iformis [left) and Acacia - Colophospermum savanna (right) on nses
between drainage lines {Profile G).

Plate 5

Cynodon dactylon - Odyssea paucinervis grassland on grey alkaline
silt loam (Profile I) near Rakops in the Makarikari Depression.

Plate 6



Sorghum and maize on grey alkaline loam
(Profile J) in a drainage channel near Rakops.

Plate 7

Digitaria sp. - Odyssea paucinervis grassland on alkaline fine
sand (Profile L) east of Sihoro in the Makarikari Depression.

Plate 8



Cohphospermum mopane woodland with undershrub layer of stunted C. mopane and a
sparse grass layer consisting mainly of Aristtda sp, on compacted grey sand between
drainage lines in the Okavango Delta near Kwaai.

Plate 9

Acacia sp. bushland on shallow rocky soils near Ghanzi. Plate 10



Grew/a - Croton • Combretum scrub with Anttida sp. grass
on loose sandveld soils 20 miles west of Kuki.

Plate 11

Burke a shkana • Pterocarpus angofensit savanna on loose
sandy soil on dune ridge 30 miles west of Nokaneng.

Plate 12



Grewia - other species scrub on compacted grey sandy
soil at base of dune ridge 30 miles west of Nckaneng.

Plate 13 Lonchocarpui nehii iforeground] in Digitana • Anstida
grassland on compacted grey sandy soil in valleys
between dune ridges 30 miles west of Nokaneng.One
of the low ridges can be seen in the background |see
also plates 12 and 13).

Plate 14
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