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INTRODUCTION

In April 1982 the soll surveyor began a 1 year posting to
Maun, in Northwestern Betswana, to initiate the reconnalssance

¥ ?
level soil mapping of the region under the FAO-UNDP project
BOP/SO/OOS - Soll Mapping and Advisory Services. He formed
part of a team working towards mapping the soils of the entire
country at the scale of 1:250,000, and became a coopted member of
the Reglonal Agricultural staff in Maun. His primary duties were
to describe, classify and map the soils of the ares, prepare short
demonstration courses for resource officer trainees on the
identification of important field characteristics of solls and
thelir relevance to crop production, and to train counterpart staff

Fal & $

all aspects of field and office soil survey operations.

The lack of information concerning the soils of Bobswans
became especially apperent in the late 70's during the plemming

stage of the Arable Land Development Programme (ALDEP). Farlier

soil survey reports have produced only geners 2l solls dInformation.
In Northwestern Botswana, some of the solls have been described by
Siderius (1971) and Staring (1978), including land evaluation for
defined land use activities. SWECO (1976), in a study of water
development in the Okavango Delta, evaluated the potential (soil,
water, availability and costs) of specific areas for irrigated
agriculture. The Government of Botswana realized, however, that

a systematic and comprehensive soils inventory and land evaluation

were necessary for sound agricultural land plaoning and development.

tad

This report does by no means represent the work that is nee
to complete the survey of Northwestern Bots iwana, bul covers only
a fraction of the area. It is a preliminery document, pending the
completion of the project. Tt is hoped that the progress achisved
by the survey team as a whole will greatly facilitate the ac quisition

and evaluation of soils data by the soil surveveors to come,

M. PAUL
FAO SOIL SURVEYOR

MAUN APRIL 1983
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1. The Survey Area

1.1 Location and History

The survey area is located in Northwestern Botswana
between 22020 and QBOOQ‘ Fast and 20015' and 209451 South, =nd
has an area of 286,000 ha. Tt belongs to the Northwest District
(lmown as Ngamiland) with Maun being the district's largest
village and administrative center. (See map of survey area

on following page),

Toteng and Sehitwa are the two main villages within the
survey area. Sehitwa, the larger of the two, is a distance of
100 km southwest of Maun., Numerous smaller villages are scatbered

area 1s

throughout. the area. Accessibility ilg good, as t
traversed by the main road (dirt) from Mawn northwards via Sehitwa
to Gomare and Shakawe, and southwards via Toteng to Ghanzi. From
Sehitwa there is a 30 km stretch of paved road north. Many othe
roads, tracks and cubtlines crisscross the survey area facilitating

relatively easy travel and orientation.

The salient physical feature of the survey area is the Lake
Ngami Depression, situated at the southern end of the Okavango
Delta. The catchment of the Delta is in the Angolan Highlands,
and the water enters Botswana above Shakawe in the north via
the Okavango River. The water then spills into an inland delta
through channels, overflow plains and floodplains. Due to the low
gradient and blockages of channels by aguatic weeds, 957 of the
inflow is lost due to evapobranspirvation from open water, bare soil,
and aquatic plants (Staring, 1978). However, a portion of the outflow
of the Delta has traditionally found its way into Lake Ngami. Historically,
a very large and continuous body of water may have been formed by the

Okavengo -~ Ngaml Depression {Grey and Cooke, 1977).
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Aerial photographs do reveal older beach ridges which suggest

that the area of the Lake Wgaml Depression most recently flooded

in only a fraction of what ib once was, when the explorer David
Livingstone referred to the Lake as Ya magnificernt sheet of waber®

(after Potten, 1975).

While numerous schemes have been prepared for the development
f the Okavango — Ngami water system since Livingstonet's visit
to the lake area in 1849, only few have come to fruition
{(Potten, 1975). The Delta area remains the subject of much
interest, facing an Influx of people and development projects

all geared to taking advantage of the Delta's vast potential,

and sure to bring change in the coming years.

Le2 UClimate

The climate of the Sehitwa area is not markedly different
from that of Maun, being characteristically hot and semi-arid.
The summer day temperature may rise above 37°C with night temperatures
seldom below 21°C. The winter 1ls dry, with day temperatures rising
above 219C and night temperatures sometimes below 0°C, with the
chance of frost occurring in low lying aveas bebween June and

August (Col@ and Brown, 1976).

The average ammual rainfall in Maun is 457 mm (Department
of Metecrological Services). The monthly rainfall distribution is
illustrated in fig. 1, and 1s highly variable from one year to the
next., The rain occurs between October and April with up to 607
falling between January and March. The potential evapotranspiration

is higher than rainfall throughout the year.
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Soil temperatures for the Maun area are shown in
table 1. The general trends indicate the lowest temperature

at any depth and time of day to be in July, increasing to the

p;

highest temperatures during the period from November to January.
The soil temperature appears to increase with depth at 0800, but
decreases with depth at 1400 and 2000 due to the incoming solar
radiation and retention of heat at the surface. The sgoil
temperature regime is Yhyperthermic] with the mean anmuaal soil
g higher than 229C and the difference between

temperature being
mean summer and winter soil temperature at 50cm depth being
more than 5°C (USDA, 1975). The winds are predominantly

eagterly and novtheasterly,

1.9 Geology and Geomorpholo

The gurvey arvea ig made up predominantly of deposits
of the Kalshari Beds. Of Tertiary to Hecent age, they include
sands, calcretes, alluvial - fluvial and lacustrine (pans)
deposits, usually covered with loose, uwndisturbed sand and
characteristic longitudinal dunes (Geological Map . of Botswana,

1973).

Prominent relief occurs where resistant bedrock forms hills
and undulating to rolling upland, such as the quartz and feldspar
porphyries of the late Precambrian Kwebe formation comprising

the Kwebe and Ngwanalekau hills southwest of Lake Ngami.
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Minor relief occurs along old drainage courses where former
streams have incised valleys into the bedrock, and where aeolian
sands have been reworked by lacustrine and alluvial processes.

The sandy beach ridges of Lake lNgaml are an example of the aeclian
sands reworked by lacustrine processes, while the densely dissected
Thaoge overflow plain moving southwards towards the Lake Ngaml

Depression (northwest section of the survey area) illustrates

the aeolisn sands reworked by the sction of the fluvial deposits.

The alluvial plain of Lake Ngami is a prominent physiographic

s deposits

feature of the survey srea. Traditionally recelving {7
from the inflow of the Kunyere and Nghabe rivers, 1t hag in recent
vears been drying out due to the low floods descending from the

Angolan highlands through the Okavango Delta. There is presently

only very little surface water in the area, found at Toteng ville

Cyclical climatic changes have been clted as possible factors
influencing the formation of the Okavango Delts. Garner (after
Grey and Coocke, 1977) has suggested that a succession of drier and
wetter climates will affect the flow volume of tThe chamnels, and
thus the sediment load capacity, resulbting in the Delta's complex

and unstable drainage pattern.

Calcrete, believed to cement the Kalahari Beds at depth

(Cole and Brown, 1976) is commonly found in pans, interdunal

depressions and low lying areas abt depth, bub often at or ne
the surface due to evaporation from high groundwater levels

ey

(Staring, 1978).

1.4 Vegetation and Land Use

The vegetation found within the survey area ils primarily

o

woodland. Acacia tree species are abundant with A. tortilis (s

name - moshu), A. mellifera (mongana), A. eriolobz (mogotlho), A.

T

erubescens (moloto), and such Terminelia species as T. prunoides

s

(motsisra), and T. sericea (mogonono) found on both the savenna and

low savanna woodland areas,




Associated with the above speciles are shrub communities

which include Dichrostachys cinersa (moselesele), Boscia foetida

P

mopipi), B. albitrunca (motopi), Grewla flava (moretlwa), G.
Z1

bicolor (mogwana), Combretum apiculatum (mohudiri), and

izyphus

cronata {mokgalo). Generally speaking, tall trees are found

on the upper sloy

and vidges, while low growing shrubs domlnate
onn the lower slopes, Soil and microclimatological factors are most
Likely vrelated to thls variabllity, with certain species béing

pted to the deeper, better dx

better ac

ined solls of the upper

and others preferring the low lying areas where the colder
& v [

alr settles and drainage may be somewhal poorer.

basin of the Lake Ngami Depression is

MdllV) by a dense cover of the weed “cswanla,

with grasses such

Cynodon dactylon and
fehinochloa also found on the floodplain and channels of the Lake.

grostils, and Aristida grass specles are found on

18, with Setaria verticiliata and Acacia tortilis

zed). The midslope

¥
(shrub) found mainly on disturbed land (overgr

of the Depression (towards the hi water line) 1s covered with

C. dactylon and some scattered shrubs of Acacla spp. and 7.

Ny

mucronata.

Other indicators ave Cataphractes alexandril shrubs

areas wl

re 1g calcrete development, and T. sericea

and Croton

isgimus shrubs for arveas

with a deep sand cover.
Co apiculatum is dominant on red sandy soils. (Cole and Leroux,

19785 Weare and Yalala, 1971).
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Cattle grazing is the dominant land use activitby within
the survey area. This hag led to severe overgrazing and

tition for the diminishing water supply. Arable farming,

mainly sorghum :nd malze cultilvation, is practised by some
farmers at a subsistence level, but only on a very limited
scale due to tribal preferences for cattle rearing.

At present, the water shortage is critical. With the
low rainfall and the drying up of Lake Ngami, the existing
boreholes are being heavily drawn from to meet the needs of

the large numbers of cattle.

The Okavango Delta i1s belng increasingly exploited
by hunters and safari tour operators because of the beaubty of
the natural area and the abundant wildlife. Wildlife can still

be found in the survey area, with numerous bird species gathering

at Lake Ngami and small numbers of Kudu and other small antelope

geen on the ecastern and southern sides.



2o Methods of Investigation

2.1 Adrphoto Intervretation and Fleldwork

The soil survey was carried out utilizing airphoto

interpretation in conjunction with field observations. FBoth
aerial photography end satellite imagery of the survey srea

were readlly available.

Aerial photography: 1:70,000

13 June 1975 series 151-BT 12 photo no. 067-07L
14 June 1975 " 151-BT 13 " " 039048

LA " " 001-008

(9]
s
:/7
®

1 June 1978 n 1 w03

1 June 1978 " 2

—
Pt
[
[
|
[
S
W

Satellite imagery: scale 1:250,000

26 November 1972 bands 4, 5, 7 scene ID: 1012607580

- false colour composite, edge enhanced,

A preliminary interpretation of the airphotographs was

carried out prior to commencing the fieldwork, the aim being to

N

identify the main physiographic units {(land forms) and the nature

of the surficial deposits and to delineate the soill boundaries.

Lacustrine, alluvial and seolian deposits, were

nerally

discernible on the photographs.

The ground survey was ~ted out at a 'detalled?

recomnaissance level, using x L vehicle to facilitate travel

difficult terrain. Photomaps at the scale of 1:50,000 were used
oy sccurate or T er tq P C? ey te rec wIinge e P fpas o reasr ¥t oot Iy
for accurate orientation and site recording. The 'free survey' method
was employed, with observations being sited in relation to landform.

Field observation consisted mainly of augerings to a depth of 100-120 cm,

or shallower 1f an inpenetrable layer was encountered.
characteristics recorded were in keeping with the standard FAO 'Guidelines
for Soil Profile Descriptions' (FAQ, 1977) including the use of the

e

Munsell Soil Colour Chart.
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With the information acquired from the photointerpretation
and fieldwork, the initial list of soll units was constructed.
Subsequent photointerpretation and field work allowed for the
checking of soil boundaries, the redefinition of soll units,
the delineation of additional units and asscoclations of units,
and the sampling of representative soils. The number of
augerings was 172, with 13 plits being dug and 40 samples taken.
The soill map was then produced using the cumulative field data
and revised photolnterpretation. The physiographic features and

soil boundaries as seen on the aerial photographs were for the

most part, distinguishable on the satellite imag thus

facilitating the transfer of scil boundaries directly onto the
image. The soil units of the survey area were correlated with
those of the other team surveyors, and a comprehensive legend

of the soils of Botswana was produced.

1

All field data from the survey area will be kept by the
FAO Soil Surveyor at the Reglonal Agricultursal office in

Francistown.

2.2 Laboratory Analysis

A1l samples were sent for analysis to the FAO soll chemist
at the Sebele Agricultural Resesrch Station, near Gaborone.
A standard series of determinations was carried out including:

L]

-~ pH : H.0 and CaCl.
) &

;4

1

- electrical conductivity

i

available phosphorous (Bray and Kurtz method)

1

organic carbon (Walkley and Black method)

i

Cation exchange capacity

- exchangeable Cations (Ca, K, Mg, ! la) exchanged by ammondumacet:

c?a and silt by hydrometer method.

b e

ch
article size distribution (USDA ﬁvutc“>, sand fraction by sileving;



3 Soils of the Survey Area

for the soil

survey of Botswana 1s the one set out by the Food and Agriculture

Organization of the United Nations (FAO). Soil units are identified

by the recognition of diagonostic horizons and properties, and

arve described in the legend to the Soil Map of the World (FAO-

N
\«J AN

GO, 1974). With respect to the survey area, only the mollic

and ochric A, cambic and argillic B, and calcic C horizons are
recognized as being diagnostic. The petrocaleic €, not usually
recognized as diagnostic, was considered as such after comaunication

with FAO owing to ibs significant occurrence im Botsiwana.

For the soils of the survey area, the following definitions
have been drawn from the above mentioned legend. They are

given here for the beneflt of the reader who is familiar with

soll classification terminology. Definitions of terms used
are to be found in the FAO-UNESCO legend. A discussion of the
occurrence and distribution of the soll units will follow in the

section entibtled '"Description of the Soil Unibs'.

Fluvisols (J)

Soils developed from recent alluvial deposits (fluviatile,
marine, lacustrine, or colluvial), having no diagnostic horizons
other than (unless buried by 50 cm or more new material) an
ochric or an umbric A horizon, a histic H horizon, or a sulfuric

horizorn.



Futric Fluvisols (Je)

Fluvisols having a base saturation on 507 or more at
least between 20 and 50 cm from the surface but which are not
calcareous at the same depth; lacking a sulfuric horizon and

sulfidic material within 125 cm of the surface.

Regosols (R)

of recent

Soils from unconsolidated material, exclusi
alluvial deposits, having no diagnostic horizons (unless
buried by 50 cm or more new material) other than an ochric
A horizon, lacking hydromorphic properties within 50 cm of the

surface, lacking the characteristics which are diagnostic for

Vertisols and Andosols, lacking high salinity; when coarse
textured, lacking lamellse of clay accumulation, features of

cambic or oxic B horizons or alble material which are characheristhi

of Arenosols.

Calcaric Regosols (Re)

cween 20 and

Regosols which are calcareous at least

50 cm from the surface.

Arenosols (Q)

Note: The modified definition of Arencsols, and the

300 legend

[

inclusion of Arencsol units not found in the FAO-UN

4

comes as a result of personal communicetion between the project's

i

Fara]

soll corrolator and senior FAC Lend Resource (Officer and is
felt to better express the representative sandy solls found in

ot swana,

Soils from coarse textured (loamy fine sand or coarser)

unconsolidated material, and less than 35% of rock fragments



or other coarse fragments in all subhorizons to a depth of 100cm
or to a lithic, petroferric, or petrocalcic contact, exclusive
of recent alluvial deposits, consisting of alblc material
occurring over a depth of at least 50 cm from the surface or
showing characteristics of argillic, cambic or oxic B horizons
which, however, do not qualify as diagnostic horlzons because of
textural requirements; having no diagnostic horizons (unless buried
by 50 cm or more new material) other than an ochric A horizon, an

albic B, or a calcic or petrocalcic horizon:; lacking hyvdromorphic
¥ 1 g7 « S

properties within 50 cm of the surface; lacking high salinity.)

o
o o § 7 /

(includes Butric Arencsols ~ Qe)

Camblic Arenosol (ﬂg)

v

Arenosols showing colouring or alteration characteristics

£

of 2 cambic B horizon immediately helow the A horizon; lac

lamellae of clay accumulation; lacking ferralic properties.

Ferralic Arenosol (Qf)

Arenosols showing ferralic properties and evidence of
alteration (B horizon characteristics); lacking lamellae

clay accunulation within 125 cm of the surface.

Calcaric Arenosol (Qc)

Other Arenosols showing soft powdery lime within -

from the surface, or which are calcareous at least betweer

20 and 50 cm from the surface,



Calcic Arenosol (k)

Other Arenosols having a calceic hordizon within 125 cm

from the surface.

etrocalcic hovizon within 125 com

(\
\,.

::
5‘
[
=
=
3
D
!
C
%—-
t:p
jng
o
<
=
i
ey
9]
o

from the surface,

Other Arenosols chowing lamellae of clay accunulation.

Cambisol (B)

Soils having a cambic B horizon and (unless buried by 50cm

or more new material) no diagnostic horizons other than an ochric

or an umbrilc A a calclc or a gypsic horizon; the cambic

B horizon may be lacking when an umbric A horizon ls present whic
thicker than 25 cmy lacking high salinity, lacking the characteristics
diagnostic for Vertisols or Andosols; lacking an aridic moisture regime;

lacking hydromorphic properties within 50cm of the surface.

Calcic Cambisol (Bk)

Cambisols having an ochric A horizon and showing one or more

of the following: a calcic horizon, a gypsic horizon or concentration

within 125 cm of the surface; calcareous at leas

of soft powdery .
between 20 and 50 cm from the surface; lacking hydromorphic properties
within 100 cm of the surface, lacking permafrost within 200 cm of the

oy ey At
gurface.
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ription of the Scil Units

For the soll map of the survey area, 7 parameters are
used to describe the individual soils. These are: the parent
material, depth, drainage, colour, texture, topography and
calcium carbonate content. The limits of these parameters are
as set out by FAO (FAO, 1977).

The solls are first grouped according to the parent
material., Four main unibs have been distingulshed in the

survey arcas

¢ unit - soils on highly calcareous material (calcrete)

L unit ~ soils on lacustrine deposits

A unit ~ soils on alluvial deposits (exclusive of lacusbrine)
5 wnidt - solls on coarse-grained sedimentary rocks

(sandstones, aeolian sands, ebc.)

The units will be discussed individually. The sequence
of soils listed under each unit is indicative of s general

increase in soil development. The symbols used are those of
the general soll map legend of Botswana. Chemical properties

are given here for the most commonly found solls. Descriptions

of repregentative profiles can be found in Appe
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C Unit - solls on highly calcareous material
The soils of the C unit are shallow, calcareous, and ave

found exclusively in areas surrounding pans.

1. Shallow, moderately well to well drained, very dsrk to
dark greyish brown, loamy fine sand to fine sandy loam;
flat to gently undulating:

classification: Calcaric Regosol (Re); SU: €2

partly petrocalcic,

L Unit -~ solls on lacustrine deposits

This unit encompasses the solls found on the alluvial

plain of Lake Ngami, or the Lake Ngami Depression. They are
generally fine textured (silt loams to silty clays) non-calcareous
soils with a weak platy structure within angular and subangular
peds. Towards the high water line these soils are underlain

by fine sand to loamy fine sands. Both the pl&ty structure and

sharp textural difference seem due to sedimentation (Siderius, 1971).

Also observed are the sandy to loamy soils (calcareous,
calcic) of the alluvial plain edge and the sandy clay loam to

clay loam soils of smaller pans.

The following soill wnits have been distinguished:

1. very deep, imperfectly drained, black to very dark greyish
brown, silt loam to silty clay abrupbly over dark brown Lo
brown (fine) sand to loamy fine sand; flat to gently uwndulating
non-calcareous,

N

/

classification: Butric FPluvisol (Je)

P

soil unit (SU): L9 ; profile no. To 180

found In the lake bed of La Ngamni towards the high water
line. The variation within the unit includes the increasing
proportion of the silty layer to the sandy layer as you move

vowards the deepest basin of the floodplain.

2o very deep, poorly, drained, black to very dark grey, silt loam
to silty clay; flat; non-calcareous.

clagsification: Bubric Fluvisol (Je); SU: L9a ; profile no. Tol83

y

— oo i dhe doerect hacdn AR e Talia bhed



The soill reaction for units L9 and L9a sre commonly shrongly
acid to slightly acid (to slightly alkeline for L9, with pH (Ca@lp)
values of 2.88-7.65, with the topseil being generally moderately
acid to slightly alkaline (pH Cally LoOh=6.57). The organic
carbon content of the topsoil is very high with values ranging
from 2.25-k. 64, decreasing substentially to values of 0L-.8%
in the sandy subsoil of unit L9, The CEC of the topseil i
high (29.08-44.85 me per 100 g soil) decreasing to low in the

1 1s greater than

subgoil of L9 (2.16-6.65 me). B saburatior

&
Ie

607, Available phosphorous is very low to moderate with topsoil

ngeable

,)

values of 2.5-26.6 ppm (subsoil 1.2-28.4 pom). B

cations (Ca, Mg, K) are all high.

3. moderately deep, dmpervfectly drained, dark greyish brown
sandy clay loam to clay loam; calcareous; calcic within 125cm
classification: Calecic Cambisol (Bk); SU: L1k

found in pans.

b deep, imperfectly drained, very dark grey to dark greyish

brown clay over very fine sandy loamg flab; calcare
classification: Calcic Cambisol (Bk); SU: L20
A wit - soils on alluvial deposits (including colluvium)

This unit includes the soils formed on e in river

valleys, old stream beds and interdunal depressions.

1. very deep, imperfectly to poorly drained, brown to dark
greyish brown, silt and silty clay; velley bottom; non-—
calcareous.
classification: Butric Fluvisol (Je); SU: 424

~found in river valleys of Kunyere River near Toteng.

2. deep to very deep, moderately well to well drained, black to

dark greyish brown loamy fine sand over silt leam to silty

-
L

clay over loamy fine sand; flat; non-calcareous.
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classification: Arenic Futric Fluvisol (Jea); SU: ARLa
—colluvium, found at base of beach ridge on north side of
Lake Ngami, transitional to (L)S wnib. Also found in river

valley of Nghabe River at Toteng (alluvium).

moderately deep, well drained, dark greyish brown to brown,
fine sand to leoamy fine sand over gravel; gently undulating;

NON—CalCaresus.

classification: FButric Avenosol (Qe); SU:

~colluvium, found on embankment on south

deep to very deep, moderately well to well drai

.

prevish brown, fine sand to loamy fine sand: flat: non-
1 1 ¥

calcareous

classification: FButric Arenosol (Qe); SU:

~found in old stream beds.

moderately to very deep, moderately well to wel
3 b Do 3

dark greyish brown to vellowish brown, loa

Lat to gently undulating; calcareous.

classification: Calcaric Arenosol (Qc); SU:

~found in old stream beds and interdunal depressions, of

in associs 1 with Dutric Arencsols.

deep to very deep, imperfectly to moder well drained,
dark greyish brown to brown, sandy loam to sandy clay loam
over loamy fine sand; flat to gently undulating; calcareous
(calcic).

o o~

classification: Caleic Cambiscl (Bk); 3U: ALC ; profile no.

ion with Eutric and

~found in old stream beds, usually in
Calcaric Arenosols. The soil reaction for soil uwnit ALC is

!

acid in the topsoil (pH CaCl, 3.81-4.52) increasing to very

sl
!

alkaline in the subscoil (pH Canﬁ 7.92). The organic carbon content

of the topsoll isg high with 3.67 %, but drops to 0.05% in the
The CEC 1s high in the topsoil at 36.24 me, decreasing to 2.82 me in
the subsoil. Available phosphorous is moderate (6.2-22.3 ppm). The

exchangeable cations (Ca, Mg, K) are generally very high in the topsoil,

and low to moderate in the subsoll (except for the high calcium of

calcic horizon). The high topsoil values

alluvial deposit,



3 Unit golls on coarse—grained

sandstc aeolian sands,

S unit are

oy
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bhe survey in the digtric

generally deep, fine,

LMMW”ﬁnQSMMS,&WXMMxﬁHbeﬁc

subjected to
carbonatbes

A5

covering careous profiles.

of structural development, ar

evident. Staring (1978) has

sands.
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shallow to moderately dee

,
what

drained, dark yellowish browr browrn, loamy

fine sand; flat to gently wndulating; non-calcareous.

SU: 8lb

# -

classification: Arenlc Eubric

gosol (Rea)

-~upland solls.

very deep, moderately well to well dra
brown to dark brown, fine sand to loa

NON—CAaLCareous .

~includes soils of the

deep 1o very deep, well

strong brown to yellowish red, fine sand; flat to gently

undulating; non-calcareous.

Terralic Avencsol (Qf); SU: 830

deep to very deep, well

sand to loamy find sand;

£\
Calcaric Arencsol (Qc);

~found in sandy section of the Lon.

moderately to very de drained,

greyish brown to brown sand; flat;
calcareous; calcic,

class]

R

fication: Calcic Arenosol (Qk);

~found primarily in lower lying sreas in assoclation

?’

moderately deep to deep, well dra

(non~calcareous) over very calcareous materi

(’3

clagsification:

i Arenosol

very deep, well drained, dark brown to dark brown;

loamy fine sand; flat; non-cal




o8

classification: Luvic Arenoscl (QLl); SU: S5b ; profile no. Tol9e

~found near Toteng Village, in lower lying areas on a

to the Nghabe River floodplain.

3.3 Soill Mapping Units and the Soil M

Because of the complexity of the landforms and the low level

£

intensity of the survey, it was often not to separate

out the individual soll units as dec previous

section. In such cases, the mapping unit will be made up of

tassociation' of soil wnits, with the proportion of the

501l units being shown on the map in parentheses. Where the mapping

unit was considered homogeneous, the soil wnit and meppling unit are

identical,

In the case of the 5 unit, the letters 'K' and 'L' have bee
H

L derived £

used as descripbors. When the soil wnit

Kalahari (aeolian) sands, as opposed to havi

ping unit is

itu from sedimentavy rock (sandstone), the map

expressed as K5. When lacustrine dery TeWOL

1 1

by aeollan action, and the results oceur

within the former lake environment Ngami

1 N 3 I T, TR SO VU COF T S e
peach ridges) an 'L' is added and the mapping wnit is expr

as L3 (main unit sand).

man

125,000, This sca

of the forms of development thet are physically possible within

i
&7 o

a region of a given country (FAO, 1979). The level of deta:
within the survey area is sufficient to identify a number of

factors which could limit notentisl develc

. This will

discussed in more detail din the section on Tland evaluabion'.

Tt must be realized, however, that the soil map presents only
a general plcture of the occurences and distribution of the soll

units end does not give specific inforn

cion about individual

fields.

Table 2 lists the mapping units and

2BOC

proportions in whi

in the survey areca.
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mapping unit clasgification 9hoof survey ares
(s0il unit)
e Re ), 000 3.1

Azl Je 1, 00 0.3
A2l Jea 34200 1.1
ARZa Qe 3, L00 Lot

AZ2 Qe 2,000 0.7

P iy .
A20 Qe 8,200 2.9
ALC Bk 7,100 2.5

. < 5 e

iy 800 e (;‘1
. AN A
Qe 5,800 2.0

QC’ 18 ¥ 200 S} » f‘
Qk - -
Wp 19, 200 .7

- =y Ao g A
aggociatliongs *

A22(50) + A20(50) 114
A22(40) + A20(30) + ALO(30) 26,800 9.4
510(60) + c2(40) 7,200 2.5
KS17(60) +
KS17(60)

KSL7(60) +

de
7

KS17(40) 4 7ol
S17(50) + 0.9

¥ proportions
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Iy Land BEvaluation

Lol Land Suitabllity Classes and Land Qualities

The method of land evaluation th

that developed by Venema and Rhebergen (19873}, based on the FAC

Framework for Land Evaluation (FAQ, 1976).

Land evaluation is concerned with the

performance when used for specified purposes.
the survey area will be evaluated for sorghum and malze production

s

under dryland agriculture utilizing improved traditional mana

gene llu,

as this is representative of the arable agriculture presently being

practiced (or aspired to) in the district, and in many

the country. Dryland farming under rainfed conditions, utilizing

wiedge of modern,

lmproved traditional management implies a good knc

, S L \
non-mechanical farming practices. These may include timely (row)

planting, improved seeds, crop rotation, cding, modest fertilizer

use, insecticides, the use of o Wltivator,

In the system of land evaluati Wwo orders,

there are four

. 9 N \ N
sultable (5) and non-s

N

l— highly suitable

Land which is expected to be

use. High returns amply justify required inputs.

Limitations,
52— moderately sultable

Land which is expected to be moderste sroductive for

[

efined use. Moderate returns justify reguired inputs. ILis
F

reduce crop yields by 10-25% and/or incre

urrent costs for

production and conservation.
53~ marginally sultable
Land which is expected to have a low productivity for the

defined vse. Yield benefits are just high enough to

’nldg?gr>%mwy7gniﬂw

reguired inputs. imitations reduce

considerably increase costs for production conservation,



5]
o
H

Sho— very merginally suitable

o

Land which is expected to have a very low produc

the defined use. Tt is doubbful whether yield benefits alc

vere limitations reduce crop yields

justify required inputs.

by more than 504 amd/or substentially 1 costs for production

and conservation.

(Land cla

sed S4 may still be cultivated for

farming where capital inputs are extremely low, and

can be obtained, or where severe limitabions occur

: o PR . o ETRY
such as in years of poor or unrellable rainfall).

Within order N, there are two classes:

Hl- currently unsulbtable land.

[

Land with severe limitations which at pres

cannot be

corrected economically,

N2- permanently wnsuitable land,

Land Qualities- Twelve land qualities have been distinguished

which could be considered as factors limiting maize or sorghum

cultivation depending on the extent to which they are expr

N 4 . I3 . . " - T . L1
in the soil (e.g. nutrient, moisture availability) or in the
environment (e.g. climatic factors).

a.  accessibility

C. correct temperature regime

e. resistance to soll erosion

T absence of damaging floods

g+ adequacy of conditions for germination

m. molsture availabiliby
n. nubrient availability
0. oxygen avallabllity

p.  absence of pests and diseas

g
(G361

r. adequacy of fToothold for roots
t. absence of toxic substancegs

we workability

When any of the land appear Lo limit cultivation it

will be indicabted by subclasses, with the corresponding lower case

letter being placed after the suitabli Lity cless. This wi be di

in the section entitled 'imits to Cultivation'.



L.2 Crop Reouirements

To evaluate the land for its nroduction,
the crop regquirements must be known.

Jenema and Rhe

fter

malae
ot

for maize and sorghum follows (a

Sims, 1981):

(G
mean Lemperature—"0C
optimum (range

moisture (mm)

pH(Hdﬂ optimun(range)

drainage: optimum
range

ponding tolerance few hours few days
nutrient status rately-high
good ¥

Salinity: EC(mmhos)
. e . i e\
optimum (prohibitive) 0-2(10+) O=4( 18+)

. ¥
al VNTY
Lauvus %

optimum (prohibitive) 0-15(50+) 0-=

hed Limitations to Cultivation

Tn the land evaluation system each ment loned 1o

section L.l has been rated, using nuwsbers through 16, with 1 being

the best, decreasing in

wWever,

these ratings are not spec

guality is then weighted according to the
Wl maize grown under improved traditional

illustrate this, consider land quality tof

in the root zone, which is mainly a function

L

rablings have been establisheds

Ponding Fre

rating drainage class every -2 TS
- £ .
1 3—6 moderate-—-somewhat

excessively none

2 2=3 inmperfect-moderate none 1 day

b 2 Lmperfect L day 17




character

(suitability cl

ng 3) would then be moderately

by

Land

the ratin

the sultability class (rating

sengitilve Lo ponding.

defined land use activity,

I
Y class. Ly

Aties will

1 mapping w ing consider

ing 1t to t!

at. class will

.-3 LL'

orly drained soil (r

narginelly suibtable. If

sorghun production,

land qualities

X1

. o reproduce the

that this introduction

nunber of interrelating
1 be discussed here,
each rabing will nob.

defined land use

activity

11 be dindi

S o e e B e e e o N
in parentheses. W

of sorghum, it

\
. y N .‘. ey prn o S b oy
ot je o While the moisture

rences were not conside

,,,,, rithin the survey area.

g -
L. distance,

and possibil laprovemnernt .

Carm and a suitable

baty farm and a source of



Four ratings have been esbablished:
y . eI
L. good access(51)
2.  somewhat limited access (S1)
3. limited access (S2)

ot q

Ly pOOT access 83)

dered a:

16

Tor the survey area as a whole, access 1ls cc

somewhat limited to good - sultability class Si.

¢ - coprect temperature regim

The following factors are considered:

-~mean daily temperature

-mean maxdimum and mean minimun temperature

~occurrence of froght in the growing

~daylength,

1

Four ratings have beer

1. correct temperature
e low possibility of

crop fallure or reduced

[S151

1igh possibility (53-4)

o
s
[—

Lie temperature or dayle

For the entire survey

congidered as correct —sulbal

- pragistance to soil erosion

bparaLouy

O

oy

@xwydjﬂailiﬁ;v,

e -
CO \/U}f‘, 5

infiltration rate and conservation measures The rating for

by water is determined following factors into eccount:

NP S R N & N
12 reglstance 0L s01.l.

-s0il texture

~solil structure
o e .
-% organic mabtber

and characteristics-relates to quantity and veloclby of runcff.

el
~-slope %
-alope length

~infiltration rate

ot ic-mean annual



by wind is dependent on climatic

The rating

svaporation),

structure,

g

been esbtablished:

Five rabiy

oods less than once in 10 years. (S1)

S TN ey ey o s
R L0 years., (bh’
3. once every
N Pt o - Ty £ R 4 g
L ammibmwfﬁyemQ.(mQ
- 5
D )
g - of conditions for germination

The nain soill characteristics which determine the conditions

moist soll are surface crusting, surface

and gravel, and the structure and consistence of the topsoll.

for moilsture availability takes into consideration
tential evapotranspiration), modified by

:ownslooa?, and the soll characteristics

ity, and available water holding capacity

N N he A YL b o~ . 3 g iy
(texture, depth, and stoniness). 8ix rabtings have been established.

dered for land quality 'm' sre calcium,

magnesium, potassium. TInsufficient data are available to consider

nitrogen, oub carbon will be used as an indicator. Caticn

vl

1ge capacity and pH are also taken dnto account. Four rating

,A

are used.
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0 — oxygen availabllity in the root zone

Discussed in introductory paragraph to this section.

rating 1 S1 sl

o 51 52
3 32 3
; an) o/
[OJphan S b
5 N1 N1

p — abgence of pests and diseages

While difficult to quantify such a land quality due to the
variability in type and intensity, four ratings are established.
1. potential damage by pests and diseases 1s limited amd/oy

easy to control by individual farmers. (S1).
. potential damage considerable: moderate input needed in the

form of labour (weeding, bird detervence). (52)

1

3. potentisl damage high: moderate inpuh in the form of materials
. 5 £ s o
(fencing, insecticides) or very high labour input needed. (53-4)
lya potential damage very high: very high input in the form of

materials and/or paid labour needed. (N1).

For the entire survey area, the potential damage is conside:

mainly from birds and small animals ~ sultability class SZ.

r - adecuacy of foothold for roots.

Mequacy of foothold is a function of effective soll depth,
i.e. the part of the soil in which root growth 1s possible.
Pive ratings have been eghbablished.
effective soll
depth (cm)
1. 100

e 50100

t — absence of toxic subsbances,

Certain salts (chlorides, sulphates and carbonstes causin
salinity), sodium, and calcium carbonate can be considered toxic if they
occur in high concentrations, and cause significabt decreases in yield.
Inthe land evaluation system, land quelity 't' is rated separately
for salinity, alkalinity, and calcium carbonate/gypsum. Five ratings

have been egstablished for each,

cal data imvip&uﬁb that s
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and alkalinity are at optimally low levels within the entire survey
area—suitability class 81l. Soils with a calcic horizon have been
downgraded one class, while the petrocalcic horizon in not considered

within the rooting zone.

w ~ workability

Workabllity, the ease with which a soil can be culbivated,
is mainly a function of soil consilstence, stoniness and rockiness.

Four ratings have been established.

Tn the following section, each of the soil mapping wnits will

be evaluated for the defined land use activity.

Lely FBvaluation of the Soil Mapping Units

In this section, each of the soll mapping wits have been
evaluated as to their suitability for the defined land use activity-
sorghum and maize production under rainfed conditions utilizing
improved traditional management. Soil mapping unibs with similar
sultability classes and subclasses will be considered together,
with a summary of all evaluations presented in tabular form
table 3). The final evaluation will be the one used on the land
suitabllity map. Where two ratings sre given, the first is for
sorghum, and the second for malze., Where one rating is given it is

the same for both crops.

¢ Unit — soils on highly calcareous material

02 - currently unsuitable-class N1
Main limitations are very low moisture holding capacity due
to sandy texture and shallow depth, and very poor topsoil
workability due to surface or near surface stoniness.

T, Unit ~ lacusbrine soils

L9 and L20 - marginally suitable-class S3 mwg/SB mow

The main limitations are poor molsture availability, poor oxygen
availability and poor topsoill worksbility. Moisture availability is
commonly low throughout the entire survey area because of the climatic
zone in which it falls, where the potential evapotranspiration exceeds
mean annual rainfall throughout the year. Workability is poor due to
the hard to very hard topsoil consistence. These soils could be

productive under non-traditional management.



T9a =~ currently unsultable~class N1
The Lake Ngani basin is currently unsuitable because of the
high frequency of ponding due to annual flooding (flooding 7 out
10 years).
14 - marginally suitable~class S}mfofSBmfw

oy

The main limitations to these pan solls are a low moisture

availability due to texture and only moderate depth, and the potential

for seasonal flooding.

A Unit Alluvial, colluvie

A2L — marginally suitable-class ngwc/ﬂju

Madn limitations are low molsture availability, low oxy

availability and the pobtential of erosion by water,

Aha - marginslly sultable~clasgs Simne
Main limitations are a low moisture avsilsbility, low

fertility, and the potential of erosion by waber

k22a - very marginally suitable-class Shm
Main limitation is very low molsture avallabilily.
AR2 ~ marginally suitable-class S3mne
Main Limitations are a low moisture availabiliby, low
fertility, and the potential of erosion by wind.
A20 - marginally suitable-class $3me
same limitabtions as AZZ2.
ALC — moderately suitable-class S2mne/mno

Main limitations are a moderate molsture availability, mode:

fertility, and the poterntial of erosgion by both water and wind.

These are the highest rated golls in the survey

S Unit ~ soils on coarse grained sedimenbary rock (including

aeplian sands)
Sib -~ very marginelly suitable—class Shm

Main limitation is very low moisture availability.

K317 - marginally suibable-class 5%mne
Main limitations are a low moisture aveilability, low
ertillty, and the potential of erosion by wind. The following
soil mapping units are given the same rating: LSL7, KS3, L3l5,

K813, K550

Ksll3a ~ very merginally suibable—Shm

same Limitations as Sib



associations

The suitability (sub)class for the individual soil units
may be different, resulting in an association of suitability

(sub)classes.

ion differs

When the final evaluation of the associat
from that of the individual soill units, the suitability

(sub)class of the dominant soil wnit will be used on the

(‘2
=
833
e
]
[
-

followed by a number in parentheses which will refer the

eader to table 3, where the assoclations are given in

The proportions of the individual soil units and suita

entheses

(sub)classes within the associations are in

immediately following their listing.
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Table 3 (continued)
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5 Conclusions and Recommendations

The land suitability map represents an evaluation of the
soll mapping units found within the survey area for the defined
land use activity. Like the soil map, it must be noted that the
boundaries, while appearing to be sharp separations between mapping
units, may represent transitional zones where the units merge into
sach other. Both maps are based on a limited number of observations,
and the soil mapping units and land suitability classification may
be amended with additional field and laboratory data. The table
below illustrates the distribution of the suitability (sub) classes

as shown on the land suitability map.

suitability
subclass area (ha) % of survey area
S2mne/S2nmo 7,100 2.5
S3mw /mow 7,500 k 2.0
S3mwg /mow 21,100 Toly
SBmeﬂnfw G500 0.3
$3me /S3moe 1,000 0.3 73.1
S3mne 14, 200 5004
S3mne(1) 26,800 9ot
s3mne(3) 7,600 2.7
Shm 47,000 1645 19.0
Shm( 2 74200 2.5 -
N1 _ L5500 5ely

286,000 100.0

There was no land in the survey area which was classed as
highly suitable (S1) for the defined land use activity. A small
proportion (2.5%) of the survey area was found to be moderately

suitable (82). This unit occurs in old stream beds and depression

5]

in the northwest of the survey area (soil mapping unit Alc). While
there are some limitations to cultivation in the form of moderate
fertility, slight potential of erosion, and a fair topsoil workability,
it is the most suitable land in the survey area. Bven though these
areas can be small and discontinuous, they should be considered for
small scale cultivation as only moderate inputs are required to maintain

productivity.
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Land classified as marginally suitable (uj) occuples the

> main Limitabions

greatest proportion of the survey avea (73.1).
to cultivation are a low molsture availability, low fertility
(mainly the sandy soils), the potential for erosion, and the low
oxygen availability due to somewhat impeded drainage in lower
lying areas, which may contribute to significant reductions in

crop yields. The land clagsified as S3mow  for mal mpassing

s0il wnits L9 and L20 , should be considered seperately as they

cur within the Lake Ngami depression. These aress oubside the
lowest basin, should be looked upon favourably due Lo their higher
inherent fertility, and their close proximity to the water source
of Lake Ngemi which traditionally floods seven out of ten years.

While only marginally suitable for dryland ferming, they may be

upgraded for irrigated agriculture. Potten (1975) speaks of propos

for drrigated agriculture on the Eastern part of the floor of Lake

Ngaml as early as 1926,  Siderius (1971) has ldentified an area

1

on the northern fringe of Lake Ngami as being recommended for irrigated

farming. SWECO (1976), the Swedish consulting group, has identified

< areas orn the northern and northeastern fringe of the Lake

floodplain as being moderately to marginally sultable for
land use. While the tribal preference for cattle rearing in the

area should not be overlooked, the development potential of the

Lake Ngami depressilon should be loocked at in more detaill with

the laying down of trials to assess productivity quantitatively.

Land classified as 54 and N1 is not recommended for the

defined land use activity, as limitations in the form of very

low moisture availability will severely hamper cultivation even though
these areas may presently be cultivated on a subsistence level. Soil

mapping wnit 19s , in the Lake Ngamil basin is classified N1 due to

the occurence of flooding and hazard of ponding. However, the flooding

is variable, and this area should be locked abt on a seasonal basis

to assess ibts suitability for cultivation. Upon recession of

w0

seasonal ILOOd@, areas may become more suitable for molapo culbtivation.
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V photo series 1/78 C.K. no. 14-004
SOIL PROFILE DESCRIPTION SHEET SOIL SURVEY OF BOTSWANA FAO BOT/80/003
PROFILE NO. 7¢ 1280 SHEET NO. 2020m1 GRID REF. w1 900435 UNIT 1.9
LOCATION, COORDINATES 1 ake Ngami alluvial plain; !seasonal road' along highwater line

DATE 15 / 12/8;2 AUTHOR paul and Ketlogetswe

SOIL CLASSIFICATION (FAO) Futric Fluvisol Je

SOIL CLASSIFICATION (ST)

ELEVATION m. | PHYSIOGRAPHIC POSITION  (flood)plain
TOPOGRAPHY  f1at MICROTOP
SLOPE - SURFACE COND.

LAND -USE / VEGETATION

open shrub savanna

sandy loam

silty clay

loamy sand

SPECIES shrubs: Z. mucronata, A. tortilis, A.leuderitzii
grasses: C.dactylon l
PARENT MATERIAL  1acustrine DRAINAGE oot
MOISTURE COND.  dry SURFACE STONES
ROCK QUTCROPS  — SALINITY
" El SION / DEPOSITION
HUMAN INFLUENCE
REMARKS area heavily grazed
HORIZON DESCRIPTION
hor. symbol | 4 20h 301 302
depth 0-10 10-35 3570 70-110+
colour moist | 1OVR2.5 /1 LOYR2/1 LOYRS 2u5TL/2
dry 3.5/2 3/2 /3 5 /0
motfling few, 1111@~:ma,d few coarse few fine few fine
I | sk | s | S
texture

sandy loan

wealk, med weak, med structureless| structureless
subang blocky subang blocky massgive magglve
consistence
glehard ve.hard soft sl hard~hard
cutons
cementation - - _ _
pores

conmon fine

commnon fine

common. fine

common fine

rock fragm.

mineral nod.

carbonates - - - ~-
biol. feat. - - common  borrowing
Ommon . .

roots (Jr:‘mm«mc commont fine few fine few fine~coarge
boundary abruot

crad smooth ab uf y

smooth wavy smooth

samples a 15-35 b L0-60 e 80100




photo series 1/78 C.K. no. 2-030

SOIL PROFILE DESCRIPTION SHEET SOIL SURVEY OF BOTSWANA FAO BOT/80/003
PROFILE NO. To 183 SHEET NO. 202201 GRID REF. mig17276 UNIT 1o,
LOCATION, COORDINATES  south side of Take Ngami, at base of escarpment (across Sehitwa)
DATE 16/12/82 AUTHOR  Paul and Ketlogetswe

SOIL CLASSIFICATION (FAO)  TEutric Fluvisol Je

SOIL CLASSIFICATION (ST)

ELEVATION m. | PHYSIOGRAPHIC POSITION  slight convex slope
TOPOGRAPHY gently undulating MICROTOR.
SLOPE 1% SURFACE COND.

LAND - USE / VEGETATION open savanna woodland

SPECIES A.tortilis, Z.mucronata

dorminant grass: setaria verticiliata

PARENT MATERIAL  Tacustrine DRAINAGE .+
MOISTURE COND. 51, moist at 90 e SURFACE STONES  _
ROCK OQUTCROPS - SALINITY -

ION / DEPOSITION

HUMAN INFLUENCE

REMARKS

HORIZON DESCRIPTION

hor. symbol | 5y Ah2 cl 2
depth 0-15 15-90 90115 115-130+
colour moist | 1 oyRo /1 LOYR2.5/1 LOYR3/2 10YR3.5/1
dry 3.5/2 3/1
: few, . fine many, coarse
mottling pI‘Ol’Hl.’t%@ﬁf‘j promingREr
7.5YR5 /8 7.5YR5/7 - -
texture humic
511t loam silty clay silty clay silt
weak, fine |weak, med-— structureless| structureless
Ak e g(%ax*éen”dj bructureles ructureless
subang blocky subang blockyt massive massive
consistence o
soft ext Jhard friable~firm soft
cutans
cementation - - - -
pores

common, fine | common, fine common, fine ommon, fine

rock fragm.

mineral nod.

carbonates - - - -

biol. feat.

roots common, fine |v.few,v.few - -

boundary
wavy, smooth | gradual, smooth - -

samples a O-15 b 50-70 PNSTANE R ot T e



photo series 1/78 C.K. no. 1A-001, 002

JOIL PROFILE DESCRIPTION SHEET SOIL SURVEY OF BOTSWANA FAO BOT/80/003
'ROFILE NO. To 176 SHEET NO. 202283 GRID REF. my707.,95 UNIT  aLe
OCATION, COORDINATES 1544 km from Sehitwa junction, on road to Tsau

JATE  11/12/82 AUTHOR Paul and Ketlogetswe

;OIL CLASSIFICATION (FAO)  Calcic Cambisol Bk

5OIL CLASSIFICATION (8T)

SLEVATION m. | PHYSIOGRAPHIC POSITION  s1ight convex slope
‘OPOGRAPHY  gently undulating MICROTOP.
LOPE 1% SURFACE COND.
AND -USE / VEGETATION  woodland savanna
'PECIES Teprunoides, D.cinerea, A.erubescens, A.mellifera
ARENT MATERIAL 5717 uvium DRAINAGE  imperfect-moderate
AQISTURE COND. dry SURFACE STONES -
K OQUTCROPS - SALINITY -

ROSION / DEPOSITION

JUMAN INFLUENCE

LEMARKS

JORIZON DESCRIPTION

vor. symbol 1y Bt Ck
depth 0-25 25-60 60--100+
. R /. AN . 4 o .
:olour moist | 10YR2.5/1 10YR2.5/1 1OYRL/3
dry L/1.5 L/1.5 5.5/3
nottling
rexture . -
extur sandy loamy
sandy loanm clay loam fine sand
, VeWealk,  mec nod, fine-med sbructure Le o«
cture s;u@eﬁg’ e g,‘t{y rpi,ilm,‘ med jstruct uag?icm
to crumb ang blocky magsive’
consistence  {sl. hard -
hard hard-v.hard soft
cutans _ _
cementation _ _
pores

common, fine | common,{ine |v.few, fine

rock fragm.

mineral nod.

carbonaotes + + ++ in patcheb
biol. feat. - - common burrowi 2
roots rare fine rare fine -

boundary

clear, smooth|clear, smooth




[

photo no. 472127

SOIL PROFILE DESCRIPTION SHEET SOIL SURVEY OF BOTSWANA FAOQ BOT/80/003

PROFILE NO. 745 13 SHEET NO. 2023 Al GRID REF. FN289804 UNIT  ks17

LOCATION, COORDINATES islend across Moshu experimental station

DATE  14/9/82 AUTHOR  paul and Ketlogetswe

SOIL CLASSIFICATION (FAQ)  Bubtric Arenosol Qe

SOIL CLASSIFICATION (ST)

ELEVATION m. | PHYSIOGRAPHIC POSITION  plain

TOPOGRAPHY flat MICROTOP.

SLOPE 0-27, SURFACE COND.

LAND - USE / VEGETATION woodland savanna

SPECIES A.ericloba, Grewla flava, G.bicolor, C.hereroensis

PARENT MATERIAL aeollian A DRAINAGE 1l —somewhat excessive

MOISTURE COND.  dry SURFACE STONES -

CK QUTCROPS - SALINITY -

EROSION / DEPOSITION

HUMAN INFLUENCE

REMARKS

HORIZON DESCRIPTION

hor. symbol

depth 0-30 30120+

colour moist | 10vYR3/1,5 10YRL/2
dry 5/2 5/2.5
mottling
texture
fine sand fine sand

cture

structureless| structureless

consistence
soft soft-sl.hard
cutans
cementation _
pores )

commorn £ine common fine

rock fragm.

mineral nod.

carbonates _ _

biol. feat. - _
roots few fine few, v.fine

boundary

clear, smooth

samples - At
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phot series 1/78 C.K. no. 1A-001,002

SOIL PROFILE DESCRIPTION SHEET SOIL SURVEY OF BOTSWANA FAO BOT/80/003
*ROFILE NG. To 175 SHEET NO. 202283 GRID REF. INT71L48L UNIT L5317
OCATION, COORDINATES  Sehitwa-Tsau road, 14.1 km from Sehitwa Jjunction

DATE  14/12/82 AUTHOR Paul and Ketlogetswe

3O1L CLASSIFICATION (FAQ) Futric Arenosol Qe

5OIL CLASSIFICATION (ST)

ZLEVATION m. | PHYSIOGRAPHIT POSITION plain
TOPOGRAPHY Plat MICROTOP -
SLOPE 0-1% SURFACE COND.
AND - USE / VEGETATION shrub savanna
SPECIES A.mellifera, A.tortilis, Grewla flava
PARENT MATERIAL asolian DRAINAGE  well
MOISTURE COND.  moist at 40 cm SURFACE STONES -
K QUTCROPS - SALINITY -
ZROSION / DEPOSITION
HUMAM INFLUENCE
EMARKS not sampled, bubt profile similar to To 143
4ORIZON DESCRIPTION
hor. symbol 1 », cl o)
depth 0-30 30-50 50-110+
colour moist | 10vpp.5/2 | 10YR3/3 10YR2.5/3
dry L/2 5 //’2 6/3
mottling
texture Loamy Lloamy loamy
fine sand fine sand fine sand
yre gtructurelesy structurelesd structurelesd
massive massive masgsive
consistence | ;1 hard soft s0ft
cutans - - -
cementation _ . _
pores

few fine-med | few fine-med | few fine-med

rock fragm.

mineral nod.

carbongtes - - -

biol. feat. - - -

roots few, fine~med | few fine ve.few, fine
boundary

gradual smooth gradual smoobh
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photo 151 BT 12 - O71

JOIL PROFILE DESCRIPTION SHEET SOIL SURVEY OF BOTSWANA FAO BOT/80,/003
'ROFILE NO. 7o 227 SHEET NO. 2022p2 GRID REF.FN935109 UNIT K53
OCATION, COORDINATES  cutline southeast of Pelobothoko

YATE 23/2/83 AUTHOR Paul and Ketlogetswe

;OIL CLASSIFICATION (FAO)  TFerralic Arenosol  QF

3OIL CLASSIFICATION (ST)

LEVATION m. | PHYSIOGRAPHIC POSITION  plain
‘OPOGRAPHY  flat - gently undulating MICROTORP.
JLOPE  0-17 SURFACE COND.
AND -USE / VEGETATION  shrub savamna
PECIES T.prunoides, A.erubescens, C.apiculatum, G.bicolor, D.cinerea
JARENT MATERIAL  2c0lian DRAINAGE  well
AOISTURE COND. dry SURFACE STONES -
K QUTCROPS - SALINITY .

ROSION / DEPOSITION

AUMAN  INFLUENCE

REMARKS

{ORIZON DESCRIPTION

yor. symbol Ahl Ahz B
lepth 0--10 10-15 L5100+
-olour moist | 7.5YR3 /1, 7.5YR3 /4 7.5YRL/6
dry L/L L/l 5/6
nottling ~
lexture
fine sand fine sand fine sand
ey Tnem ysdltygned- | ek, ned-

subang blocky| subang blocky| subang blocky

consistence
soft—-sl.hard |soft-sl.hard | soft-sl.hard

cutans

cementation - - -

pores
common find common .fine |common fine

rock fragm.

mineral nod,

carbonates - - -

biol. feat. - - -

roots commont fine lcommon fine few fine

boundary

grad smooth |grad smooth




no

photo

SOIL PROFILE DESCRIPTION SHEET

SOIL SURVEY OF BOTSWANA

FAO BOT/80/003

PROFILE NO. To 160

SHEET NO.

20238,

GRID REF. GN973L437

UNIT

K3 13

LOCATION, COORDINATES

1 km after Samedupe bridge on road to Makalamabedi

DATE  17/11/32 AUTHOR  Paul and Ketlogetswe

SOIL CLASSIFICATION (FAO) Calcic Arenosol  Qk

SOIL CLASSIFICATION (ST)

FLEVATION m. | PHYSIOGRAPHIC POSITION  plain
TOPOGRAPHY  flat MICROTOPR
SLOPE - SURFACE COND.

LAND - USE / VEGETATION

shrub and tree savanna

SPECIES T.prunoides, A. mellifera, A.tortilis, A.leuderitzii
PARENT MATERIAL aeolian DRAINAGE  well
MOISTURE COND. dry SURFACE STONES
DOCK QUTCROPS - SALINITY
EROSION / DEPOSITION
HUMAN INFLUENCE
REMARKS
HORIZON DESCRIPTION
hor. symbol Ahl Ah2 Ckl Cko
depth 0-20 20-70 70-88 88100+
colour moist | 10YR3.5/3 | 10YR3.5/3 10YR5 /3.5
dry

mottling
texture

X soft

Loamy sand loamy sand Loamy sand calcrete rock
ucture Veweak
bang blockystructureless|structureless
consistence - _
cutans - — _
cementation - - - -
pores
few fine v.few, fine | v.few, v.fine

rock fragm.
mineral nod. B
carbonates + e e
biol. feat. - -

roots

common fine,med

few fine

rare fine

boundary

clear smooth

clear smooth
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photo 151 BT 13 - 046

SOIL PROFILE DESCRIPTION SHEET SOIL SURVEY OF BOTSWANA FAC BOT/80/003
PROFILE NO. To 231 SHEET NO. 202201 GRID REF. FN951171 UNIT g5 13
LOCATION, COORDINATES campsite at Mabtamanyane

DATE  24,/2/83 AUTHOR Paul and Ketlogetswe

SOIL CLASSIFICATION (FAQ)  Calcic Arenosol Qk

SOIL CLASSIFICATION (ST)

ELEVATION m. | PHYSIOGRAPHIC POSITION plain

TOPOGRAPHY flat MICROTOP.

SLOPE SURFACE COND.

LAND - USE / VEGETATION woodland savanna

SPECIES T.prunoides, A.erubescens, G.bicolor, D.cinerea

PARENT MATERIAL  seolian DRAINAGE well

MOISTURE COND.  dry SURFACE STONES -
CK QUTCROPS - SALINITY -

ROSION [/ DEPOSITION

T HUMAN INFLUENCE

REMARKS not sampled, but profile similar to To 160

HORIZON DESCRIPTION

hor. symbol |y Ah2 BbL B2 Ck
depth O-10 10~45 1570 70120 1204+
- colour moist | 10YR3/2 10YR3 /" 10YRL.5/3 10YRAL.5 /3
| dry be5/3 Le5/3 6/3 6/3
| mottling
| -
-
 texture
| soft
loamy sand loamy sand sandy loam sandy loam calcrete rocl
mod.y med weak, fine-medy weak, coarse, | weak, coarse
subang blocky| subang blocky| subang blocky subang blocky
consistence
soft-sl.hard | soft-sl.hard | soft.sl.hard | soft-sl.hard
cutans
cementahion e - - -
pores COmmon common common common
fine,med fine,med fine, med fine,med
rock fragm.
mineral nod.
carbonates - - + o
biol. feat. - - - -
roots common fine and v. fine few fine few fine
boundary f , ,
grad smooth grad smooth | grad smooth | clear smooth

e e fie |



—

photo series 1/78 CoK. no. 14-007

SOIL PROFILE DESCRIPTION SHEET SOIL SURVEY OF BOTSWANA FAQ BOT/80,/003

PROFILE NO. To 196 SHEET NO. 202284 GRID REF. (483055 UNIT K35b

LOCATION, COORDINATES 2.1 km from Toteng bridge on Toteng Maun Road

DATE 2/2/83 AUTHOR  Paul and Ketlogetswe

SOIL CLASSIFICATION (FAO)  1uvic Arvenosol QL

SOIL CLASSIFICATION (ST)

ELEVATION m. | PHYSIOGRAPHIC POSITION

plain

TOPOGRAPHY  flgt-pgently undulating MICROTOR.

SLOPE 19 SURFACE COND.

LAND -USE / VEGETATION  gpen savanna woodland

SPECIES T.prunoides, T.sericea, C.aplculatum, B.albitrunca

grasses: Digitaria spp.

PARENT MATERIAL  aeolian DRAINAGE yell

MOISTURE COND.  dry SURFACE STONES -

JOCK OUTCROPS - SALINITY -

EROSION / DEPOSITION

HUMAN INFLUENCE

REMARKS

HORIZOMN DESCRIPTION

hor. symbol | 4y Bl B2t
depth 0-27 27-70 70-120+

colour moist |1 gyR3 /2 LOYR3/3 10YR5/3
dry ’ ' B

mottling
texture Loamy Loamy Loamy

fine sand

fine sand

ey oo “‘%
Iine sand

wealk, med
subang blocky

YV, WeAK~Weak
med-coarse
subangblocky

We e%k,mmod
meéd-coarse
subang blocky

comuon fine

common fine

consisterice o
soft~gl.hard | sl.hard sle.hard
cutans s L
- - thin, patchy
cementation - - »
pores

common fine

rock fragm.

mineral nod. ~ ~

carbonates - - B
biol. feat. - - -
roots few fine,v.fine  same same

boundary

grad smooth

grad smooth
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