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INTRODUCTION

Soil surveys have been carried out in almost all parts of
Rhodesia (formerly Southern Rhodésia) by tke writer over the past
17 years. Most of the surveys were primarily initiated for utilitarian
purroses but the approach, both in the field and subsequently in the
laboratory, has always been to scquire knowledge concerning the
fundamental constitution of the various soils of the country and
their genesis. Such knowledge is an essential prerequisite to sound
classification and mapping of the soils. In the ensuing dissertation
a system of classification for the soils of Rhodesia has been set
forth, together with a fairly comprehensive description of the soils.
The more importent genetic factors that have contributed to their

development are also discussed.




2.

CHAPTER 1

A. THE NATURAL FEATU2RES OF RHODESIA

1. Physical Features and Geology

Rhodesia covers an area of a little over 150,000 square miles.
It is situated between 15° 40' and 22° 20' south latitudes, and 25° 15!
and 33° 05' east longitudes. In describing the physical features of
the country Swift (16) states that

“Althbugh its boundaries were determined from political'

considerations, Southern Rhodesia as a part of Africa has an

identity of its own, in that it is a relatively high region

surrounded by lower country on all sides. The central portion

forms a platsau dominated by a promounced peneplain and carries

the divide between the Zambesi Basin and the Makarikari

Depression on the north and west, and the Sabi-Limpopo Basin

on the south-east. At its north-eastern end the plateau

joinsu;'narrow belt of mountainous couhtry striking north

and south along the eastern border. It is orly in this

narrow area that the altitude rises above six thousand feet,

although, owing to the flat nature of the central uplands,

more than twenty-one rer cé?t of the area of the Colony is

above the 49000ﬁft. contour."

In'Rho%es;a~tQ@re is a great range of geological materials
which differ widely in chemical cpnstitutiong tineral composition,
and physical nature. These characteristics have a direct bearing
on many Qf‘the soil properties but particularly on internal soil
drainage and, ﬁherefore, the ease with which the soil can be leached
throughout its evolutlonary stages. Over most of the country the
boundaries between parent materials frém which soils are derived are
sharp, and in the vicinity of the Gold Belts (comrlexes of
metamorphosed basaltic and andesitic lavas and sediments, of great

age), they commonly occur at close intervals. On the assumption

thet granite is regarded as an igneous rock, the rarent materials of
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about 60 - 65 per cent of the total area of Rhodesia are derived from
rocks of igneous or metamorphosed igneous origin. Deep sands
originating from aecolian Kalahari deposits and, to a lesser extent,
from some of the weakly consolidated Triassic, Cretaceous,and Permian
formations account for abéut a further 25 per cent of the total area.
Thus, parent materials from other less arenaceous sediments which are
characteristic of vast tracts of the Worth American and BEurasian
continents, account for only a very small porportion of Southern
Rhodesgiza. One other notable feature of the geology is the Great

Dyke which Swift (16) describes as "an elongated mass of ultrabasic and
basic rocks stretching in a nearly straight line north-north eastwards
for a distance of over 320 miles, and varying in width from two to seven

miles',

In contrast to the very varied geological composition of
Rhodesia, climate in the broader sense is relatively uniform over
most of the country. Apart from the narrow tract in the Eastern
Districts and a similar but much smaller one in the south-ecastern
part between Pikita and‘Zimbabwe Ruins, practically all of the mean
annuall rainfall is confined to the summef months, the bulk falling
between the beginning of December and the first half of March.
Precipitation within this period is generally referrcd to as the
main rains, and it is predominantly of the convective tyve. Prior
to the onset of these rains,; in the period from about mid September
to early November, pronounced desiccation usdally takes place owing
to high temperatures in conjunction with low relative humidities.

On the central plateau that carries the main water-shed between
the Sabi-Limpopo and Zambesi basins, mean annual rainfall varies
. between about 24 and 36 inches (610 — 915 mm. ). In the hotter areas
at lower altitude iﬁ the Sabi—Limpépo basin, rainfall is appreciably
lower and, in minor localities in the south-west, appears to be as

low as about 10 inches per annum. In similar areas in the Zambesi
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basin, rainfall is generally above 20 inches per annum but temperatures
are much higher than in the Sabi-Limpopo basin and the effectiveness
of rainfall is reduced with respect to leaching, especially in soils
with aprreciable clay content.

In the two narrow tracts mentioned, mean annual rainfall is
above 36 inches; irn some limitéd localities it may even exceed 115
inches. The main climatic distinguishing features of these areas,
however, lie not only in rainfall distribution but also in the
relatively cool temperstures that prevail. Although most of the rain
falls in summer, a significant but variable propbrtion falls in the
remaining months of the year. The amount, in conjunction with the
cooler temperatures, is normally sufficient to maintain the soils in

a moist condition throughout the year.

B, THE APPROACH TO SOIL CLASSIFICATION

1, Basic principles

Since any system of soil classification is an artificial means
by which man attempts to group soils with similar properties,; they
may be classified on the basis of any chosen characteristic or set
of characteristics, depending en the ﬁurpose for which the
classification is required. If the system of classification is
based upon criteria which do not include those reléting to pedogenesis,
the result will be a purely mechanical classification such as that
proposed by Leeper (9), which is based entirely on selected soil
characteristics without reference to environment or to pedogenesis.
Such classifications have considerable merit in that they allow
mutually exclusive groupings to be made in a relatively simple
manner without ambiguity. On the other hand, most pedologists agree
that classifications which are based on some understanding of the
nature of soils should embrace some fundamental pedogenetic principles
as distinct from "suesses as to origin'". In this context Kubiena (8)

states that "to forego genctical investigation would mean to abandon



scientific research itself, because describing things in nature
without any efforts to understand them means only a beginning of .
science, not science itself".

The recognition of soil as an organismic natural body began
with the work of Dokuchaev, and in the study of classification of
soils tho approach must be an holistic one which embraces all factors
pertaining_to the soil and its environment. Apart from factual data
relating to the soil itself, this will inevitabiy involve some
considerations relating to pedogenesis. However. the pedogenetic
concepts that are ihcorporated in any system must be rcalistic ones
based upon critcria for which there is strong, if not overwhelming
evidence, not only in the field but dso in the laboratory where
relecvant physical, checmical and/or mineralogical information can
provide confirmatory cvidence.

Thus the description and chdracterisation of soils will be
incomplete unless it includes, in addition to profile morphology and
analytical data, some rcference to climate, parent materizl, and
vegetation. It should also include an appreciation of local
fqpograyhy in relation to the wider geomorphological land form in
so far as this may indicate the age of the soil and many have a
direct bearing on the development of the parent matcrial from the
native rock. An assessment of all of thcse inter-rclated factors is
to a rreater or lcsser degreey, necessary to provide the pedologist with
the concrete evidence on which to base his intcerpretation of the
pedogenesis of the soil. A sound system of classification should,
therefore, be one in which the soils are grouped according to
similarity of fundamental properties of the soil itsclf but the
arrangement of these sroupings within the system should, at some
level or levels in the hierarchy of diffcrentiae, be detcrmined by
considerations that rclate primarily to pedogenesis or pedogenetic
concepts.

A classification of this‘nature9 which fakcs into account

certain fundamcntal chemical and mineralogical charactcristics,
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will-automatically have profound direct significance for agriculture
particularly in regard to the iﬁherent fertility of the soils. The
practical value that this implies 1s important, wut incidental.
Thomas (18), however, has gone further and has submitted that since
"soil is the medium in which plants grow, any charccterisation and
classification of =oils must reflect their ability to support plant
growth . . + ". Yany pedologists will disagree with this contention.
v the writer's vicw the value to agriculture is a natural corollary
of the fact that the soil has been classified primarily on.the basis

of its fundamental constitution.

2. Ixisting Systems of Classification

(a) Classification according to climatic zonality

It is only natural that any system of classification which
incorporates pedogenetic concepts tends to lay strong emphasis on
selccted pedogenetic factors that are predominantly opcrative in
differentiating soils in the country in which the classification was
evolved. This probably constitutes one of the main reasons why it
has not been possible to evolve a classification of this neture that
is universally acceptable.

The zonal system of classification initiated by the Russians
was developed in, and was mainly applicable to, regions where the
contrast in parent meterials was very much less sharp than in
Rhodesia and where; from region to reglon, climatic variations are
more marked. Oﬁ the Forth Amofican and Burasian continents there
are immense tracts where soils are predominantly derived from little
or non-metamorphosed sediments of divers geological ages, under a
wide range of climatic variations. Under such circumstan?es it is
not surpriéing, therefore, that climate is the dominant pedogenetic
factor which differentiates one group of soils from another. But
even within these tracts there are minor areas where certain parent
materials give rise to solls which are not'in conformity with this
generalisation. In recognising this, Glinka (5) called these

soils endodynamomorphic, in order to contrast them with the morc typical
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ectodynamomorphic ones. He states, however, that "the endodynamomorphic
soils are often a temporary formation, which may porsist until the
composition of the parent matcrial has changed". (6)

In Rhodesia, however, the relative importance of climate and
parent material as pedogenctic factors responsible for goil differences
is largely reversod. Broadly, climate, as mentioncd carlier, is
rclatively uniform over large areas, while parent materials arc very
varied and their distribution, moreover, is complex. Any system of
classification in which there is & strong emphesis on zonality
_according to climate therefofe has little practical application.

This docs not mean, however, that major variations in soils are

not atiributable to climate but, before any direct comparisons of the
effect of climate per se can be madc, comparisons must be confined,

in the first plece, to soils derived from very similar parent materials.
In addition,, other complicating variables have also to be eliminated.
Mohr and van Baren (10), in considering the effocts of climate on

soils, distinguish betweern ovcerhead or atmospheric climate and actual
501l climate. They state -

"When congidering climatic influenccs and climatc - the
latter conceived as tho complex of climatological characteristics
of any givoi place - a sharp distinction sbhould be drawn between
the climate in the atmospherc above the soil and the actual
climatec in the soil itself; i.e. thce goil climate. Direct

-

relationship with the soil and with soil forming or soil

destroying processes isylimited to the soil climate, the
/

atmosphcre above only being involved in so far as it excrts

any influence on the aforcmentioncd soil climate."
Soil climate, obviously, is largely dependent on overhead climate,
but it may be drastically modificd by a complex interaction of other
factors such as topograrhy and the nature of rock strata which undcr-
lie the soil. Therefore, in ordcr to cvaluate the direct effects of

climate on soils in Rhodosia, comparisons have to bc confined not

only to soils derivcd from very similar parent matcrials but also




to areas of similar, normel or upland relief wherc the intcraction of
such factors ig minimal. This form of zénality is most apparent on
upland soils derived from ccrtain basic rocks, notably dolerite.

With increasing rainfall soils progress from dark montmorillonitic
clays to reddich brown clays in which both 1 ¢ 1 and 2 ¢ 1 1atticé
minerals are precsent, and finally to red highly worous clays in which
the only clay mincrals prosent are of the 1 s 1 lattice type.

In considering the intcr-reletionship bctwoen.climate and
parent material in rcgard to pedogénesis9 it ie necessery to
distinguish broadly betwecen two major groups of p-rent materials,
namely the basic ones of igneous or metamorphosecd igncous origin on
the one hand, and those of sedimentary origin on the other. This
view has also bzcr expressed by Bllis (4) although for a rcason that
is different from the one given here. Neverthelass, the work of
Mohr and van Baren (11) clcarly reveals the importance of differontiating_
between these two types of parcnt materials. In zcneral the former
are chemically far mors acctive or suscoptible to profound alteration
than the latter since they contain relatively large amounts of rrimary
or first order weath:rable minerals such as the pyroxenzs, the
amphiboles, and olivine in addition to various anorthitic plagioclase
Telspars. Pafont materials of sedimentéry origin, howaever, have
resulted from at least one cycle of weathcring, erosion and
deposition. Unless subsequently subjocted to a high desroc of
mctamorphism,  the weatﬁefablc minerals prosént will bco mainly
secondary oncs which in gencral will be far less subject to chemical
alteration. It is, perhaps, for this rcason that soils formed on
certain basic rocks most clecarly show some climatic zonality in
Rhodesia.

(b) Frevious classification in Rhodesia

Because of the real and often striking diffcrconces in soils
associated with changes in parent material, Ellis (3) suggested
an aprroach to describc thc soils of Rhodesia thet is radically

different to that employcd by pedolosziste in most other parts of
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the world. His descriptions were based oﬁ parcnt waterial and included
refcrences to mean annual rainfall and temparature, altitudc, and the
dominant vegectation. It was further suggcsted that the ordinary
place-name nomenclature for soil series be replaced by a description
incorporating thesec factors. In applying this idea,; Thomas and Ellis
(19) used a-descriptiyo legend of this nature in their Frovisional
Soil Map, which scrved as a basis for the Agricultural Survey of
Southern Rhodesiz (20). Their approachAhas great merit locally in
that it provides agricultural rlenncrs with a valuable inventory of
zolls and related data pcrtaining to gcology, climate and natural
vegetation. It does not, howcver, constitute a truc or complcte
pedological clagsification wﬁich can be interpreted by pedologists in
other countries where soil and climatic coﬁditions may be vastly
different and, indecd, it was never intended as such.

(c) The 7tk Approximation (14)

Towards the end of 1954, collaboration began in providing
‘information oh soils for a new comprchensive system of classification
being compiled by American pedologists. This clasgification is now
genéraliy referred to as the Tth Approximation but, during the
period of collaboration which was rathsr sporadic, it was then
evolving from its 3rd to its 5th Approximations. In these carly
stagés'the improssion gained was that the classification would evolve‘
as é purely meéhanicéi classification and that meny Rhodcesian soils
which locally are regarded as being Widgiy difforent would onlj be
separated at low cateéorical levels. The recently published Tth
Approximation represents a considerable ad&ance over the earlier
Approximations which had a limitcd circulation, and is morc fully
documentcd with respect to explénatory fext and definition of soil
characteristics and criteria of classification.

This systcm of élassification, however,Ais still contentious
in ﬁany respects. | Muir (12) criticises the emphasis placed on
diagnostic horizons rather than complete profile characteristics.

While readily admitting that it is the most nearly complete system
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that has boen celaborated up to the present and that zrcat care and
precision has boen taken in defining the classification units,
Tavernier (17) indicates that many Buropcan pedologists fcel that
separate orders should bc»prévidcd for hydromorphic soils and salinc
(and alkali) soils. Because of the special conditions that favour the
formation of such soils in Rhodesia, thc writcer supports this view.

| From obsecrvations that have bcen made locally, it appears that
many unlike solls arc accommodated in the Alfisol order. These may
differ not only in profile morphology but, since they may occur in
arcas of widely different mean annual rainfall, their constitution with
respect to clay mincralogy and reserves of weatherable minerals may
also vary markedly. Stephens (15), in discussing the applicability
of thc system to Australia:n soils, emphasises the same point.
Smith (13) and Kellogg (7), however, both clearly indicatec that the
system is, as yct, by no means complcte and is still in the process
of dovelopment. While admitting that the system is being developed
primarily for usc in the United States of America, thoe soobo of the
classification implics an intended world-wide application. For this
reasohg an attompt has becen made in Chapter III to corrclate or
classify many Rhodcsian soils (hydromorphic and halomorphic soils
excepted) in terms of the Tth Approximation. However, sincé most
of the data on local soils werce not originally accumulated for this
purposc, and sincec certain data other than that given are often
specifically required for this cxcrcise, the classifications put

forward horo should be regarded as tontative in somc instancces.

(d) The classification cvolved by the Inter-African Fodological Service
In 1953, the Inter-African Pcdological Service (S.P.T.),

operating under the auspices of the Commission for Techlnical Co-

operation in Africa South of the Sahara (C.C.T.4.), undcrtook the

coﬁpilation of a soil map of Africa af a scalc of 1: 5,000,000 bascd

on data from rarticipating territorics. Initially this ranged from

systematic soil surveys in a few territorics to broad soil-vegetation

associations iu others and, in view of thc wide diversity in the
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nature of thec information, the S.P.I. convened a scrics of conferenccs
to cnable pedolosists from the various territories to mcet and to agrce
upon & common bazis of approach to soil classification and mapping
problems. As a result of these meetings, the development of the
legend for the Seoil Map of Africa was accomplished by means of a
numbecr of draft stages. Of thesce, the Third was published by D'Hoore
(2) and the logend was finalised in its Fifth Draft stage at the

S.P.I. confecrence hcld in Paris in 1961 (1).

The pedogcnctic concepts on thch the clasgification implicit

in thc legend is tased, cmerged very largely from the combined thinking
of Belgian, French, and Fortuguesc pedologists who, over a period of
time, have acquired an intimate knowlcdge of African soils,
particularly thosc¢ occurring within the tropics.. These concepts are
based in principle upon the degree'of weathering and leaching which
soils derived from specific types of parent materials have undergonc
as a result of climatic and other forces that have actcd upon them.
This approach has provided, for the first time, an emincntly suitable
framework within which a rcalistic system of taxonomy for the soils of
Rhodesia could be evolved. In addition to morphological
characteristics of tho profile,; the classification takes into
account fundamcntal soils characteristics such as clay mincralogy,
reserves of wcathcrable minerzals, base saturation, and cation
exchrnge capacity per unit amount of clay; the last-mentioned
being uscd largely as confirmatory evidence, espocially wherc
more prcciso informetion concerning clay mineralogy is lacking.
These charactcristics anq criteria arc fundamcntal, since they arc
dircectly relatced to the efféct of climate, the cxteont of the cffect
being in turn rclated to the spocific tyre of parent material from
which the soil is derived.

A classification which takes all of thesc characteristics
into account should, to a large extent, be cépable of intcrprctation
in terms of any of the broadly besed systems of clagsification which

regard the soil as 2 natural product of its environment.
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CHAPTER II

THE CLASSIFICATION OF THE SCILS OF RHODLESIA

The soils of Rhodesia have been classificd at four categorical
levels, namcly the soil Order, the soil Group,; the soil Family and
the soil Series. In the schematic outline shéwn orposite page 14
it will be scen that these four categorical levels are employed in a
simple branching system, The strong influence of the classification
used in the legond for the soil map of Africa (4) is clearly evident
in the Rhodesian classification but there are sone differcnces in the
levels at which ccrtain differcntiac arc introducéd. Morcover, many
of the criteria have bcen modified, somctimes appreciably, to make them
more specifica’ly erplicable to Rhodesian soils. evertholess, the
clagsificetion will be clearlyvcomprehended by pedolosists familiar

with the work of S.P.I.

THE SCIL ORDERS

Five Orders have been recognized. They arc the Weakly
Developed soils, the Calcimorphic soils, thé Kaolinitic soils, the
Halomorphic soils,and the Hydromorphic soils. In the first three
there is a broad progression in the degree of weathcring fhat soils
derived from specific types of parent materials have undergone while
in the remaining two other pedogenctic factors are relatively more
important. These primarily include poor internal drainage which, in
most instances, is due to topographical situation and/or'the physical -
nature of underlyins rock strata. In rcgafd to thc broad pedogenctic
concepts adopted in the present classification therc is an analogy
betwoen the soils of the last two Orders and the Intragzonal soils
of classification systems based on zonality according to climate.

I Weakly Developed soils

These comprise all solls in which the degroe of penetic

horizon differcntiation is wecak for reasons that arc siven at lower






I. Veakly Develdped//)

Soils

N

\2.

Group

/1° Regosols =

Lithosols <
~

CUTLIEE OF SCIL CLASSITICATION

Familz

Very immature resgosols of alluvial and colluvial origin

Mature regosols formed on little-consolideted sandy deposits

Fredominantly sandy lithosols formed on siliceous parent
materials '

Fredominantly clayey lithesols formed on basic rocks and
argillzceous sediments

=

Typical Soil Series
(described in Appendix A)

Not placed in soil series
Nyamendhlovu K.1

Triangle F.O.

Matopos E.O.

Soils

/r
IT. Calcimorphic ,

. 3.

'Vertisolsv’

Siallitic
Soils

Vertisols without appreciable free water soluble salts or
exchangezble sodium,formed meinly on basic rocks

Vertisols with appreciable water solubls salts and/or
exchangeable sodium,formed mainly on HMHzdumabisa shales

Siallitic red granuler clays formed on tasic rocks

Shallow to moderately shallow other siallitic soils,formed
on other miscellaneous rocks

Siallitic highly calcareous soils formed on highly
calcareous materials, often on lower slorocs

Deep sizllitic soils formed on alluviums ard colluviums

Chisumbanje B.1l; Devuli E.1,
Selous X.1

Siabuwa Z.1

Matopos E.1

Tuli P.2, Triangle P.1,
Tuli E.
Tuli L.

o

Sabi U.1l, Sabi U.2, Sabi C.l
Sabi C.2







Order Group ' - Family _ Typical Soil Series
' o (described in Appendix A)

Fersiallitic red granular clays formed on besic rocks - | Balisbury E.2, Darwendale X.1
Fersiallitic relatively silt-rich soils formed mainly : Sinoia A.1l
////’/ on sedimentary rocks
5. ggiiéallltlc“““____d Fersiallitic highly micaceous soils formed on highly Miami ¥.1l, Karoi F.1
micaceous parent materials
5 Fersiallitic rredominantly sandy soils formed mainly on Karoi G.l, Rutenga G.l
' siliceous rocks
' Weakly fersiallitic red clays formed on narrow dolerite
dykes intrusive into granite :
IIT. Keolinitic : Para-ferrallitic predominantly sandy soils formed mainly Salisbury G.1l, Marandellas G.1
Soils  -—{6. Para-ferrallitic .~"]on siliceous rocks .
- Soils ™\ Para-ferrallitic sands formed on little-consolidated Featherstone M,1

sarid deposits

Red ortho-ferrallitic clays formed on basic rocks Chipinga E.1
Mainly yellow ortho-ferrallitic relatively silty clays Chipinga S.1
formed on Umkondo shales )
Red and yellow ortho-ferrallitic sandy to medium textured Bikita G.1, Melsetter M.1
soils formed on granites and Unmkondo sandstones
' Humic ortho-ferrallitic soils Inyangani G.1

NN

7. Ortho-ferrallitic
Soils

/!







Order

Group

Sodic Soils

Family

Weakly sodic sandy soils
Strongly sodic soils

Typical Soil Series
(described in Appendix A)

Salisbury GS.3,

Mondoro MG,1l, Enkeldoorn G.2,

Salisbury GS.4

IV. Halomorphic .~ Saline sodic soils Sabi U.4
Soils ) :

T . _ .

2. Non sodic Saline non-sodic soils
Soils ‘

100 Calcic hydromorpiic .- ualq}c Pydromorph}c vertlso}s Salisbury E.4
Soils wﬁg:::w Calcic hydromorphic clay socils Magzoe S.3

1 Calcic humic hydromorphic clay soils Mazoe C,..2

V. Hydromorphic

Soils

AN

11.

Non-calcic

hydromorphic ]

———

Soils

l
f

Non-calcic  hydromorphic sandy soils
¥on-calcie humic hydromorphic soils

Salisbury G.3
Umvuma K.1
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categorical levels. At the Group level they are split into
Regosole and Lithosols.

IT Calcimorphic soils

These are cagentially unleached and therefore raolatively
little-weathcered soils. Regorves of weatherable mincrals are gonerally
larse, baco saturation is high and clay minerals arc nrodominantly of

the 2 ¢ 1 lattice type. The bases prcsent consist alniost entirely

of calcium and mn

Except in the casc of soils derived from
ultrabasic rocks, cxchangcable calcium excecds exchangeable magnesium.
The soils of this order corresiond voery broadly to Marbut's
Tropical FPcdocals ($). In his description, Marbut statcs that they
include "all soilsg with fully developced profiles in which lime
carbonatc is found on some horizons within the soluir in higher
percentage thaﬁ‘in the 309%Pgical form:tion beneath." However, many

local soils have no free carbonates and some are ncet fully developcd
: ! Ty

or maturc. &In fact, somc alluvial soils of relatively reccent age

have been included in this order, where there is a sufficlent degree

of ,xenctic horizon -@evelopment to give risc to illuvial or textural B

horizons, cven if zenctically unrelated horizons occur below about 3 fect.

The Calcimorphic soils comprisc two groups, viz., Voertisols:

and Siallitic soils.

I1I Kaolihitio g0ils

. In contrast to the Calcimorphic so;139 the Kaolinitic soils
are leached to varying.dogrooso Cwing to greatcr iuntonsity of
weathering, thelr essontial characteristics includc a preodominance
of kaolinite7-togethor with appreciable amounté of free scsquioxides

-

of iron and aluminiui. Apart from their broad corrclation with the
Latoritic Soils of Marbut's Pedalfers; they alsd corr.spond, again
broadly, to the Xaclisols defined by Sys (13) in equetorial regioné
of Africa. At lower categorical levels, however, tue subdivision

of the Kaolinitic sgoils differs frow that employcd by Sys and, in

fact,; follows very closely on the lines of the Fortuguocse
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classification ovolved for the soils of Angola (1). The Kaolinitic
soils have, accordingly, bcen split at the Group lcvel into Fersiallitic
soils, Fara-ferrallitic soils, and Ortiho-ferrallitic sgoils.

IV tHalomorphic soils

These include, in addition to saline, alkali, and saline-
alkaline soils, all soils in which there are hard, denze lmpermeable,
abruptly commencing horizons that are primarily attributable to
exchangeable sodium in amounts sufficient to produce some measure of
dispersion or deflocculation of the clay colloids. Although de Sigmond
(6) has sugmostcd th't an appreciable dispersing effect only occurs when
the cxchangeabls sodium status of soils approaches 10 ~ 15 per cent of
the total exchangeable basos9 it appecars that in somc Rhodesian soils,
notably the rredominently sandy ones, quite marked deflocculation of
the clay fraction can occur below this level. Such soils are also
included in this Ordcr. The Halomorphic soils comprise Sodic soils

and Non-sodic sgoils.

V  Iydromorphic sgils
These embrace all soils that have developed under, and which
are subject to a warked degree of wetness that may be cither permanent
or scasonal. Ir. addition to water tablc effects; the soils of this
Order, with the exception of certain black clays, show merked evidence
of hydromorphy either in the form of mottles and gleyred horizons
and/or rust-like stains around roots and root channcls. In gencral
they correspond to goils in which hydromorphy is regarded as a fundamental
criterion in the Frouch classification as described by Duchaufor (7).
Owing to tho limited amount of investisation of the Hydrbmorphic
goils, their subdivision at the Group level is somcwhat tentative. of
the_soils so far examined, those of high clay content appear to have
high basc saturation, the bascs comprising mainly calcium and
mangesium, while those that are predominantly sandy arc éenorally
lecached and strongly acid. On this basis they have been subdivided

into a Calcic hydromorphic grour and a Non-calcic hydromorphic group.
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It may possibly be preferable, however; to differentiate these soils

purely on the basls of clay content.
- Ti% SOIL GROUFS

Tleven soil Groups have been recognised and at this second
categorical level the main morphological, mineralogioal, and chemical
characteristice have been defined. Since tho clessification has been
cvolved primerily to suit the soils of Rhodesia some Groups described
will obviously be too wide to have any appreciablc value for some
territories of.Southern Africa, whereas for others somwe of the
distinctions’ﬁado‘at this level may be too narrow. To cite one
obvious cxample, the Siallitic soils,; i.e. those, other than Vertisols,
that have high basc saturation and concomitant cheracteristics such as
predominance of 2 : 1 lattice clay minerals} will be of little use
for diffcrentiating between soils in territories wherce; on account of
aridity of climatc, the vast majority or even all soils may be of this
type.

It should also bc apparent that the Group as understood in
Rhodesia, cannot bé equated in categorical level with the Great or
Little Groups of othicr systems of classification: in any case such
terms have varying categorical connotations in diffcront classifications.

In the criterie defined data relating to barc saturation and
cation exchange capacity per 100 grammes of clay rcfer to subsoil horizons
in which the effects of organic metter arc negligible. - The latter
is normally expresscd in milligram egquivalents but, for sake of
~ convenience, is roforred to as the E/C value 'in fhe text below.

The analytical methods by which chemical and physical data have been
determined are outlined in Appendix A.

Investigations into clay mineralogy'and roscrves of ~weatherable
minerals have also been confined to subsoil horizons in order to
obviate the nced for destroying organic matter which othecrwise may
have side effects on clay nineralogy and weatherable minerals.

Owing to the relatively recent acquisition of a suitable microscope
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comparatively-little work has been done on detailed identification

or quantitative determination of weatherable minerals. 1In fact, with
the exception of a’few special investigations, work on weatherable
minerals has thus far been confined to confirming the broad correlation
between weatherable mineral status and the degree of weathering that
soils have undergone. In regard to the arproximate assessment of
amounts present, it has beeun found that many such minerals 6an readily
be recognised in sepérated sand fractions, either under a hard lens or
even by the naked eye where they are abundant.

1. The Regosol Group

The regsosols cﬁmprise soils, developed on unconsolidated or -only
weakly consolidated deposits, in which the degree of genetic horizon
differentiation is very low. Very young and immature alluvial deposits
of current formation have been included in this Gréup. The vast
majority of regosols, however, are.deep sands that in spite of greater
age show only wéakly developed AC profiles. Although they are of .
relatively recent origin in the geological sense, the main factor
responsible fof poor genetvic horizon development is extreme paucity
of clay producing weatherable minerals in the original parent materials.
In such soils the silt plus clay content is always less than 15 per
cent in all horizons above 72 inches and there are no marked or
sudden changes in clay content in any horizon within this depth.

2. The Lithosol Groupn

In the Rhodesian classification the lithosols include all soils
in which rock or gravelly weathering roék commences at depths of less
than 10 inches. They may occur extensively on relatively level |
ground in areas where rainfall is low but in most regions they are
agsociated ﬁainly with broken or hilly.country. Owing to the variety
of conditions under which they may occur, this is not strictly a
genetical grouping but a heterogeneity of soils that for one or more
reasons have at least one essential feature in common,; namely

pronounced shallowness of the solum.
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3. The Vertisol Group

The vertisols contain sufficient clay of the swelling type to
produce appreciable internal soil movement or churning under a regime
in which the soils are alternately moistened and dried. Apart from
wide vertical cracks when dry, a characteristic feature is the presence
of highiy polished sﬁrfaces, or slickenslides, that are indicative of
internal soil movement. In Rhodesia the critical depth of soil that
appearé to be hecessary for the development of slickenslides is about
15 inches. -Almost all swelling claysAthat are shallower than this
-arey therefore, not classified as true vertisols. In addition, all
soils in which the dominant feature is pronounced wetness throughout
most of the year have been excluded from this Group in spite of the
presence of slickenslides in the profile. These latter soils are,
however, placed in a separate family within the hydromorphic group
that hes some affinities with the true.vertisols;

The vertisols are all highly, or even fully, base saturated and .
many have free carbonates of calcium and magnesium throughout the solum.
‘Base saturation is invariably greater than 80 per cent. Montmorillonite
is the main clay mineral and as a result, E/C values almost invariably

exceed 60.

4. The Siallitic Group

The base saturation of these soils is almost invariably greater
than 80 per cent and 2 5 1 lattice clay minerals predominate. Apart
from obvious morphological'éifferencesg siallitic soils of high clay
content differ from vertisols in the nature of the 2 : 1 lattice |
minerals which} ingtead of montmorillohite consist mainly of illitie
to poérly crystalline illite-montmorillonoid mixed layer minerals.

The lower limit of E/C values appears to be about 40 in the siallitic
soils.

In most siallitic soils, with the ekception of very sandy ones,
shiny surfaces that may be orientated clay coatings;.are discernible
under a haﬁd lens in the.B_horizons. This, ;n conjunction with
increased clay content relative to the surface horizons; strongly

sugeests that at least some of the clay in the subsoils is of illuvial

N\



19.

origin. 'However; the writer is by no means cconvinced that shiny
surfaces are always indicative of illuvial clay. It seems that such
surfaces could be formed on peds simply as pressure faces in any soil
that has sufficient clay of the swelling type. DMoreover, if shiny |
faces are attributed to illuvial dlay one might expect this phenomenon
to be more apparent in sandy soils in which clay should be more readily
mobile. No thin—section-work has yet been undertaken locally to fest

this view,

5. The Fersiallitic Group

The clay minerals in fersiallitic soils consist predominantly of
kaolinite but, in addition, some minerals of the 2 : 1 lattice type are’
always preseﬁt. These latter comprise mainly illite and illite-
montmorillonoid mixed layer minerals. Some rescrves of weatherable
minerals are present and they may be appreciable in some soils. Base
saturation exceeds 40 per cent but in most soils it raAges from
approximately 50 per cent to 89 per cent. E/C values range from
approximately 15 to 40. Easily visible shiny surfaces on peds may be
seen in soils of high clay content but they cannot always be discerned
with ény certainty in coils of reletively low clay content.

As in the Fortuguese description (1), horizons containing
laterite either as loose concretionary material; or in cemented form,

* may be present. This laterite, if prcsent, is always an absolute

accumulation as described by D'Hoore (5).

6. The Para-ferrallitic Group

Although the soils of this Group have somo characteristics that
are normally associated with true or ortho-ferrallitic soils desdribed
below, ‘they also have some aberrant broperties that are more commonly
found in fersiallific soils. . In oértain respects they resemble some,
but not all, of the Ferrisols described by Sys (13). The name

para~ferrallitic was proposed by Botelho da Costa (2) for certain soils

in which the clay is essentially ferrallitic in character but which
also have agpreciadble reserves of weatherable minerals, some of which
are macroscopically visible. In the very similar, if not identical,

Rhodesian soils the clay mineral is exclusively kaolinite.
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Base séturation ranges from about 30 - 60 per cent and EVC values are
less than 15.

In Rhodesia the Group has been extended to include, at least
temporarily,; certain other soils that have some characteristics normally
agssociated with ferrallitic soils but others which are normally associated
with fersiallitic soils. The soils thus included are inVariably very
sandy in the surface horizonsAand»have small or no reserves of
weatherable minerals. Unlike the regosdls, howéver, they héve at
least. one horizon within 72 inches of the surface in which the silt
plus clay content is greater than 15 per cent. In these horizons fhe
silt/clay ratio is extremely low but their clay fractions contain
éufficient 2 ¢ 1 lattice clay minerals to preclude them from the true
or orthd-ferralliti; soils describecd below. Again, base saturation
generally ranges from about 30 to about 60 ﬁer cent, but on éccount
of the prescnce of 2 3 1 lattice clay mineralsy E/C values range from.

about 15 to about 25.

7. The Ortho-ferrallitic Group

The ortho-ferrallitic group has been so called because the intense
degree of weathering impcsed by climatc has given rise under high
rainfall to strongl& leached, acid soils in which weatherable minerals
are practically gbsent; regardless of the parent material. These
soils rarely dry out to any marked degree and in most of them, some
of the aluminium sesquiéxides have become hydrated to form gibbsite.

Base saturation is always lower than 40 ﬁér.cent, but usually less
than 30 per cent. E/C vaiues are lower than 15. As in the typical
Ferrallitic soils of the Portuguese classification (1), laterite may
or may not be present. if laterite is present it is usually a

relative accumulation as defined by D'Hoore (5).

8. The Sodic Group

The soils of this Group are all influenced by the presence of
sodium on tho exchange complex. Morphologically and otherwise, many
of them resemble the solonetz, solodized-solonetz, and solods
originally described by the Russians) but.such.soils are regarded by

many authors as constituting a genetic sequence,; cvolving in the
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first instance, from solonchaks. This genetic évolution, however,
does not appear tenable for most of the sodium~influenced soils of
Rhodesia, particularly since most of them have been formedvunder
conditions of relatively high rainfall. They have, therefore, been
called sodic soils. Smith (11), for apparently similar reasons, has
feferred to the sodium-influenced soils formed under humid conditions
in I1linois as solonetz-like soils.

Criteria relating to exchangeable sodium percentage and electrical
conductivity of the saturation extract are given at the soil Fahily

level.

9. The Non-sodic Group

Non-sodic halomorrhic soils comprise those in which the soluble
salts are predominantly *‘hose of calcium and magnesium and in which
exchangeable sodium percentages are very low.  Again, their chemical

characteristics are more closely defined at the so0il Pamily level.

10. The Calcic hydromorphic Group

The soils of the calcic hydromorphic group are fredominantly
clayey. As far as is known the lowaer limit of bvase saturation is about
" 50 per cent but in most of the soils thus far'examined it is generally
greater than 0 per cent and clay mine?éls of the 2 ¢ 1 lattice type
appear to predominate.

Some of the black or dafk grey clays show slickenslides in the
stbsoils and in this respect they show some affinities with the vertisols.
Meny pedologists would probably prefer to see them classified in the
vertisol group. Locally, however, these soils are regarded as being
primarily hydromorphic soils and only secondarily vertisolic, Moreover,
although thev have essentially the same composition as the true
vertisols, their genesié is different in some respects. They have
| evolved gnder very much moister soil climatic conditions and at least
some of the bases present have accumuleted partly as a resuit of
imporfation from adjacent higher lying areas. In the true vertisolé
other factors, sometimes including aridity of soil climate, have

rrevented removal of bases released in situ.
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11, The Non-calcic hydromorphic Group

On the basis of examinations so far made it appears that all of
the predominantly sandy soils subject at some time of the year to
excessive wetness have base saturations iower than 50 pef cent and have
therefqré been classified as non-calcic hydromorphic soils. However,
no examination has been made of any hydromorphic.soils in thg Hastern
Districts where, owing to the dissected nature of éhe terrain, they
occur to only a very limited extent. While those that are predominantly
sandy conform to the generalisation stated above, it is possible that
some of the more clayey soils may.élso have base saturations lower

than 50 per cent,
THE SOIL FAMILIES

At this level of abstracfion the soils are further sub-divided
into broadly similar sub-groups on the basis of profile morphology and
texture. ‘ Such characteristics are in most instances largely attributable
to broad similarity of the parent materials frowm which they are derived.
This generalisation applies mainly to Families falling within the first
three Ordersf - In the case of Families belonging to the Halomorphic
and Hydromorphic Orders, however, the characteristics seclected as
differentiae do not necessarily reflect this relationship since under
such conditions pareﬁt material as a genetic factor is of_subordinate
importance.

The soil Family comprises an essential intermediate link between
the soil Sefies and the soil Group. At this level soils that are
characterised by a marked accumulation of organic matter in the surface
horizons‘are differentiated. They have been termed humic soils, and
their main common requiremenf is fhat surface horizons to a depth of
at least 10linches must have a minimum organic carbon content (Walkley-
‘Black value) of 1.6 per cent. This latter criterion has been adopted
from the legend for the Soil Map of Africa (4), although the accepted
carbon level may be too low for those soils occurring in- more temperate

regions.



~ In regard to the sub-divisions of the Halomorphic soils at the

Family

level, the following analytical criteria have been used :-
The weakly sodic soils must within 48 inches of the .
surface, have an abruptly-commencing horizon in which

the exchangeable sodiﬁm percenfage (laid down in both

the Tth Approximation (12) and the S.F.I. legend (4)

as each sodium/cation exchange capacity) is less than

25 per cent and the electrical coﬁéuctivity of the saturation
extract is less than 1 millimho/cm.

The strongly sodic soils have horizons commencing

above 48 inches in which the electrical conductivity

lies between 1 and 4 millimhos/cm if the E.S.P. lies

between 15 and 25 per cent but, in some predominantly

..-sandy soils, an electrical conductivity of less than

.1 millimho/cm is permissible provided the E.S.P. is

lowest

to the

series

greater than 25 per cent.

he”saliné sodiq soils must -have an horizon, which
generally occurs above 24 inches, in which the F.S.P. is
greater than 15 per cent and the electrical conductivity
is greater than 4 millimhos/cm.
The non—égiéke Qﬁﬁéé soils are those in which the
electrical conductivity of one or more horizons commencing
above 24 inches is greater than 4 millimhos/cm and the
E.S.P. less than 15 per centk. The free water soluble

salt content must comprise mainly calcium or magnesium

salts.
THE SOIL SERLES

As in most countries the Series constitutes the basic or
categorical level of classification in Rhodesia. In regard
ranze of characteristics permitted within any particular soil

the principles described in the Soil Survey Manual (12) have

been broadly followed. However, a departure from accepted convention

has been made in regard to the naming of soil series since for various



reasoﬁs, the ordinary place-name nomenclature has béen found to be
vnsatisfactory.

Over large tracts of Rhodesia there is frequently a dearth of
place names. l}oreover, certain names are repeated in several widely
separated, sometimes cliﬁaﬁically different areas. In view of these
difficulties & partially descriptive name was introduced some years

ago. Apart from the suggestions made by Ellis (8), this idea is by
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Nno means new. In discussing the denomination of tropical soils, !Mohr and

~van Baren (10) quote Bushnell's objection that "Geographical names give

no suggestion as to the relationship between different kinds of soils
or even between kinds of soils and their characteristics, and may even
be misleading in that many series no longer occur in their type

locality." (3).

Mohr and van Baren make the point that in the tropics especially,

the use of descriptive terms for soils is far more appropriate than
series names determined geographically. They are also convinced in
the case of sedentary soils particularly, that the parent material
should be indicated, together with the essential nature of the soils
and, whenever possible, some reference to the stage of weathering or
age should be made. Although these latter are not directly given in
the partially descriptive names evolved for soil series in Rhodesia
they appear; in essence, at higher categorical levels.

In the light of the foregoing the Series in Rhodesia are now
given a place naine that locally is generally well—knoWn, followed by
an alphabetical letter which gives an indication of the nature of
the parent material, foliowed in turn by a numeral. . The place name,
in addition to having some climatic connotation locally in so far as
mean annual rainfall .and temperature aré concerned, is selected, as
far as ?ossible, so that such data may be obtaincd by reference to
climatological maps or publications. The parent material letter
may represent one specific parent material only or may represent a
group of parent materials wﬁich have similar chemical,; physical, and
mineralogical compositions.. Except in the case of a O (zero) which

is always used to denote a lithosol, the numeral has no fixed
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connotation and is merely used to differentiate between two or more
soil series derived from the same parent material or group of similar
parent materials. In regions where soils derived from very similar
parent materials regularly show catenal variations, however, the
numepals given generally follow the sequence from uplands to lowlands.

In the period of about five years since this scheme of series
nomenclature has been introduced no serious difficulties or complications
have arisen. It has, in fact, had practical advantages not only in
regard to immediate recognition of the essential nature of the soil

in many instances, but also in regard to mapping of soilss
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CHAPTER III

A, THE SOILS OF RHODESIA AND THEIR GENESIS

Horizonation and profile development

With certain exceptions, such as sodic soils and some of the
hydromorphic énes, the degree of morphological differentiation between
horizons within the soil profile is not well-developed in Rhodesian
soils and, moreover, the transition fr&m one horizon to the next is
generally a gradual one. There is a danger, therefore, that attempts

to describe horizons more precisely than on a broad A B C basis may be

subjective. This mokes classification of the soils in terms of systems

'tha% employ precise horizon nomenclature uncertain or even hazardous.
Thus, in the detailed profile descriptions given in Appendix A no
attempt has been made tq name soll horizons and in any case their
naming is not necessary to enable the soils to be classified in terms
of the system described in Chapter II. Wiith the exceptions noted
above, the morphological differentiation between conformable horizons
is best developed in the siallitic soils formed under low rainfall
but decreases progressively in fersiallitic, para-ferrallitic, and
ortho;ferrallitic soils. In the last mentioned the degree of

differentiation is oftern no more apparent than in the sandy regosols.

Relationship between parent rock, parent material, and soils

In spite of differences in inténsity of weathering wrought by
climate and the resultant effect of fundamentally important
characteristics such as reserveé of wegtherable mineraisg base
saturation and clay mineralogy, the soils of Rhodesia show a‘
rémarkable correlation‘with the parent rock and/or parent material
from which they are derived. This is due not only to the fact that.
most soils are formed more or less in situ but also to the widely
different tyres of parent material, most of which are of ignheous
oriéin.

Although soiis may be described as being formed in situ there

are in fact very few, if any, soils that originate directly from the
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parent rock immediately beneath them since on all land that has any
perceptible slope there must iﬁe?itably have been some lateral movement
of materials. On most parent rocks, particularly those that give

rise to scils of high cléy content, the movement of parent material does
not lead to any noticeable degree of separation or sorting-of the
component parts. Howcver, in the case of coarse grained granitic rocks
and to a lesser extent certain similar gneissiq ones, it appcars that

" appreciable separation of components must have taken place to produce
certain soil variétions that can only be explained by variations in the
composition of the parent material. This difference in parent material
(as distinct from parent rock) manifests itself not only in the redness
of the soil on upland slopes but also in the concomitant higher clay
content of the redder soil. This contention has been advanced by
Thompson (13) to explain a tyﬁe of catenal variation that occurs in
extensive arcas underlain by granite. The mechanics of differential
movement are exrlained in more detail later in‘this Chapter uhder the

heading Para-ferrallitic Soils.

Although almost all soils in Rhodesia are derived in situ
within the sense defined abovey there are many minor localities where
they have been formed orn transported materials, notably colluviums and
ailluviums. The former are most commonly found on and below the
pediment at the base of escarpments and the latter in major valleys
in which rivers have depcsited material that sometimes covers an

appreciable area.

Diagnostic importance cf the sand fraction

The sand fraction is the least alteréd part originating from
thé parent material since most of it normally consists of quartz which,
usually, is only weathered by mechanical means. Yost of the soils of
Rhodesia aré predominantly sandy and their éand fractions can be sub-
divided into sub-fractions tﬁat, by their relative proportions, can
almost invariably be related to the parent material from which the
soll is derived. By sub-dividing the sand fraction into three separaté
namely, coarse (2.0 - 0.5 mm), medium (0.5 - 0.2 mm), and fine (0.2 -

0.02 mm) as in Table I, the high proportion of coarse sand found in

280
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soils derived from granite clearly distinguishes them from the finer-
grained sands such as those of the Kalahari, Triassic and Umkondo
formatiohs, In addition, similarity of components within the sub-
fractions, as determined by visual inspection with or without the aid

of a hand lens, can also be related to parent material.

TABLE I

Comparison of sand fractions of soils derived in situ and

of transported soils.

‘ Approx. ratios
., |Depth | C s !M SiF Slisilt + ] Parent
Profilel, hes b 1 %% |lclay % CSIMSIFS | terial Group
Soilse derived in_ situ
1 33-39 1 113 180 6 0.1 1 | 6.1 {friassic ]Regosol
26 34~41 3§17 (66 14 " 0.2] 1 | 3.9 [riassic |para-
' : . ferrallitic
28 l29-35 1(0.3)} 1 161 || 38 |i0.3] 1 {61.0 Dmkondo |ortho-
' . ferrallitic
23 3546 | 35 |16 {29 20 2.21 1 1.8 [Granite |fersiallitic
24 20~26 28 24 125 23 1.2} 1 1.0 " para-
| ‘ ferrallitic
25 20~-24 26 15 118 41 1.7¢4 1 1.2 n para-
: - | ferrallitic
30 26-32 17 11 %17 55 151 1 1.5 " ortho-
: , ferrallitic
34 - 9-14 22 26 {25 27 §058 1 1.0 " sodic
40 19-24 | 22 27 {25 16 30.8 1 1.0 " non-calcic
! - B ! hydromorphic
33 20-25 | 10 {26 52 12 '0.41 1 | 2.0 [Priassic,|sodic
: ! g some
{ | { granite
Trarnsported.soils
| t !
13 . (20-26 | 32 13 116 |1 39 ie.5] 1 | 1.2 [oranitic |siallitic
o ' alluvium
14 1027 19 2T 52 a6 1 1.4 " "
36 - |18-24 28 {13 ;18 1 41 2.2l 1 1 1.4 " saline sodic
15 30-36 8 9 |58 45 0.9V 1 } 4.2 PMainly siallitic
_ mkondo
; colluvium
L i |

Regardless of the degree of chemical weathering and leaching of
the séil, these criteria can often provide valuable information concerning
.the nature of_thé parent material in the absence of rock outcrops, or the
origin of the parent material in the case of transported soils.

Because of the genetic significance that may be associated with

the sand fraction, terms such as coarse or fine textured which are

commonly used in soil descriptions to imply relative amounts of sand,
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silt, and clay have not been followed in Rhodesia. Frequently soils in
which clay content increeses progressively with depth have sand fractions
that also become progressively coarser. Similarly, as will be seen in
Table I, soils that are véry sandy may have a fine-grained sand fraction
while others that have a higher clay content may have a strikingly coarse-
grained sand fraction. The terms fine-grained or coarse-grained have
therefore been used to describe the nature of the sand fraction. In view
of the foregoing, the terms 1ight;textured, medium-textured, or heavy-
textured are preferred in general descriptions relating to clay content

in spite of often vghement objections expressed by some pedologists to

such terms,

DESCRIPTIOK OF SOILS

The description of soils is made mainly at the Group 1evé1 of
abstraction. In these descriptions many vieﬁs relating to the genesis
of local soils are presented. In somé instances these views aré at
variance with commonly accepted ideas on pedogenesis relating to
apparently similar soils in other paris of the world, but in all cases
they seek to explain factual observations that have been made repeatedly.

With the exception of soils belonging to the Halomorphic and
Hydromorphic Orders, correlation is made in ferms of éther systems of
classification, notably that employed by the Portuguese (2), because
of its close simiIE?T%y with the system evolved'locally. Since the
7th Approximation (11) is intended to be a coﬁprehensive system an
attempt has also been made to'classify most local soils in terms .
thereof, although for reasons given in Chapter I the attempted
clagsifications must be regarded as tentative in some instances.
Because of basic differences in approach, no attempt has been made to
classify soils of the Halomorphic and Hydromorphic Orders. Such
soils would be split up into various Orders and sub-orders described '
in the Tth Approximation.

A diagrammatic rebresentatién of E/C values* of sub-surface

horizons from soils belonging to Groups that reflect a broad

* E/C value has been defined as cation exdhange capacity per 100 grams

of clay.
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progression in intensity of weathering is given opposite. The ranges
of E/C values described for the classification in Chapter II are also
shown.  Owing to the interfering effects of organic matter on both.
exchange capécity and mechanical analysis, the E/C values of surface
horizons thus affected are not shown. The E/C values of soils of

the Weakly Developed, the Halomorphic, and the Hydroﬁorphic Orders

are also not shown on account of the different genetic peculiarities

that contribute to the formation of such soils.

Regosols

Apart from insignificant small areas where very young immature
soils flank thé present day banks of some major rivers, all regosols in
Rhodesia consist of deep, highly pervious, fine to medium-grained sands
characterised by weakly developed A C profiles (Profile 1, Appendix A).
They are formed mainly on aeclian Kalahari deposits and, to a lesser
extent, on relatively little consolidated sandstones belonging to
certain of the Trassic, Permian, and.Cretaceous formations.

The main feature of these sands is their very low or non-existent
reserve of weatherable minerals and their low‘silt/clay ratio. On
normal uplands subsoil coiour9 which in most instances appears to be
inherited from the parent material, is either‘reddish brown or
yellowish brown. The general absence of herizon development below
the A is undoubtedly due to paucity of clay producing minerals in the
original materials. . here is, therefore, little variation among the
regosols, regardless of the rainfall of the areas in which they are
found. |

Correlation with other classifications

The soils of this group include Psammitic Regosols and some
of the more sandy Chromopsammic and Similar Soils described by
Botelho da Costa, Azevedo, Franco, and Ricardo in their classification
of the soils of Angola (2).
The majority of these soils also belong to the Orthic Quarsopsamments
described in the T+th Approximation (11), but in some instances subsoil

chromas are higher than those specified.
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| Lithosols

All soils.underlain by rock or gravelly weathering rock at
depths of ten inches or less have been placed in this group., The reasons
for their shallow skeletal nature may be steep slopes or aridity of
climate in conjunction with resistance of the underlying rock to
weathering.. Most of them are stony or gravelly and their textures
depend very largely on the nature of the rocks from which they are
formeds those formed on acidic or highly siiiceous rocks are
predominantly sandy, while those formed on basic rocks are predéminantly
clayey (Profiles 2 and 3, Appendix A).

The majority of lithosols occur in broken country in the north-
weet and in the low rainfall areas of the southern parts, particularly

in the south-west.

Correlation with other classifications

The lithosols of Rhodesia correépond very closely to those
described in DPuropean-derived classifications.

In terms of the Tth Approximation most of them aré Lithic
orthustents but some, namely the lithosols formed on basalt and certain

other basic rocks in areas of low rainfall, are Vertic orthustents.
Vertisols

Morphological characteristics and occurrence

In Rhodesia vertisols are formed mainly on basic igneous rocks
although they occur to a much lesser extent on other parent materials
capable of preocducing soils of high clay content, notably certain
metamorphosed shales. They are generally, but not invariably, dark
coloured soils. Morphologically, all are characterised by a varying
degree of internal soil movement or churning which results from al%ernate
wetting and drying of soils that have a high content of expanding
montmorillonitic clays. In the soil profile this movement is readily
diagnosed by the presence of slickenslides which, in most instances,
intersect one anothér.

Vertisols occur on uplands of normal relief'in most parts of

the country, especially in the hot dry areas. They also occur in
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broad depressions in regions where mean annual rainfall, in conjunction
with other factors, is not sufficient to give rise to soils that are .
primarily hydromorphic in spite of the fact that they may show pressure
faces or even slickenslides in the profile.  Broadly, it appeafs that
true vertisols, i.e. those that dry out to a marked ektent ﬁuring the
dry season, occur in depressions mainly in regions where mean annual

rainfall is less than about 24 inches (610 mm).

Analytical data

Owing to the strongly montmorillonitic naturé of the clay fraction
E/C values are very high and almost invariably exceed 60. Base
saturation is also high being over 80 per cent in all vertisols so far
examined. In fact most are fully base saturated and may even contain
free carbonates of calcium aﬁd magresium, particularlyAin the hot dry
parts of the country. The bases in vertisols formed on basic rocks
such as basalt, epidiorite, and dolerite show a marked preponderance
of calcium relativé to magnesium, but in those formed from ultrabasic
rocks the reverse calcium/magnesium status obtains. These differences
which are accounted for by differences in the base-releasing weatherable

primary minerals, are shown in Table II below.

TABLE II

Salient analytical data pertaining to vertisol subsoils

CEC Base

™ ;
Clay %{me 5/ saturation Ca/ﬂg Parent
. % 'value ratio material

Depth

Profile}’.
inches

4 (12-18 | 17 165.1] 85 100 1/0.56

23-30 78 |67.8] 87 100 1/0.59 Basalt
34-40 | 80 [72.2{ 100 100 1/0.56
5 8-17 | 55 [50.5| 92 100 1/0.11 | Dolerite, some
colluvial influencd
21-29 | 58 [52.4f 90 100 1/0.12 of 1limestone

’

6 7-13 | 67 [73.7] 110 100 1/5.27 |Ultrabasic rocks
22-28 68 |74.7! 107 100 1/5.15 . of the Great Dyke

Vertisols of hot arecas under low rainfall

The major occurrence of vertisols in Rhodesia is associated

with a large tract of Jurassic basalt that occurs in the south of the



country where mean annual rainfall is of the order of 12-18 inches
(300-455 mm). Under the prevailing hot, semi-arid conditions the
vertisols characteristically have-a well-developed, loose, granular
surface horizon and all are fully base saturated; some are even
slightly to moderately calcareous. In tﬁe opinion Qf the writer,

the development of the granular surface is a result of extreme
desiccation of the upper part of the profile resulting fromlhigh soil
temperatures that occur in the period from September to the end of
November, in conjunction with the completely base ;aturated nature

of these clays. General aridity of soil climate and the known rarity
of water-logging under natural conditions may also be important
.contributory factors. In support of these latter observations it has
been noted that while many of these dark vertisols are truly black
(¥2/0, as in Profile 4, Appendix A) others, probably the majority,
have "warmer" colours such as 10YR3/2, 5YR3/1, and a few are even
reddish brown (Pr&file 5 Appendix A Althbugh the black soils tend
to be confined to flatter areas and depressions this is by no means
invariably the case.

The granular surface horizon and indeed the upper sub-surface
horizon that has not in the immediate past been subjected to the strong
compressional forces that take place in the lower subsoil take up water
readily, and swell in the process. It has been observed on the
Chisumbanje Experiment Station that application of water usually
raises the level of jhe ground surface by a few inches, the amount of.
rise depending on the degree to which plots have been allowed to dry

- out prior to irrigation. A large proportion of the granules are
completely water-stable and the fact that excellent yields have been
obtained with a wide variety of crops for more than 10 years on this
station is due primarily to the good physical conditions that

characterise these particular vertisols. Van der Merwe (16) suggests

that as a result of araerobic conditions brought about by éermanently moist
conditions under irrigation, the structure of what are apparently very

similar soils in South Africa, appears to deteriorate. To date there

Y
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has been no conclusive evidence of this at Chisumbanje but if the
proposed reasons for the development of the granular surface are
valid, some deterioration may eventually take place, particularly if
the fuliy base saturated status of the ;oils is lowered. One might
reasonably expect the deterioration to take place initially in the
upper sub-surface horizons since they would never dry out to the same

extent as the surface horizon.

Vertisols in other areas

Elsewhere in Rhodesia, vertisols are much less extensive.

Since most of them occur in areas of appreciably higher rainfall they
tend to'be more regularly saturated during the rainy season. In spite
of the fact that many of them dry out very considerably in long dry
periods between rainy seasons, the degree of surface granulation is never
as marked as in those of the hot se@i—afid area in the south of thg
country. In fact as a broad generalisation it appears that surface
granulation ceases to exist in vertisols formed in areas wheré mean
annual rainfall approéches about 30 inches (760 mm). Granular structure
gives way to a hard, dense, far less permeable, angular blocky red
formation and initial penetration of rainwater to subsoil horizons
appears to take place mainly by flow down large vertical cracks as
suggested by Theron and van Niekerk (12). Although such vertisols

afe not calcareous in the upper horizons, base saturation remains

high and the clay fréction is still predominantly montmorillonitic.

The lower subsoils of some vertisols, notably those derived
from Madumabisa shales (Profile 7, Appendix A), have significant
amounts of water soluble salts and sometimes an apprec;able exchangeable
éodium status.

The vertisols and indeed other soils formed on ultrabasié rocks,
notably those of the Great Dyke, have certain peculiarities. Apart
from their high content of magnesium-releasing minerals, fhe ultrabasic
rocks frequently contain appreciable amounts of chromium and/or nickel.
These features are reflected by mérkedly inverse calcium/magnesium
ratios (see Table II, Profile 6) and, more often than not, by sufficient
quantities of available nickel and/or chronium to render them toxic

not only to crops but also to many species of vegetation indigenous
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to the area.

Red fersiallitic clays often occur in association with vertisols
on the Great Dyke, and since on most parts of it, rainfall is relat;vely
high, one would expect red clays to be the normal soils. The reaséns
for the formation of vertisols are not always appérent, since'they are
frequently found on higher ground than the red clays and often the
physical nature of underlying rock formation does not appear to retard
internal drainage any more under the vertisols than it does under the
red’clays. Grim (7), however, has stated that the presence of an
appreciable amount of magnesium in basic .or ultrabasic rocks favours the
formation of montmorillonite. Although most of the.vertisols of the
Great Dyke have a more markedly inverse calcium/magnesium ratio than the
red clays, this is not invariably so.

Correlation with vertisols as defined in the 7th Approximation

The vertisols as defined in the 7th Approximation (where the name
was first suggested) comprise two sub-orders, namely the Aquerts and the
Usterts. The broad basis of differentiation lies in the degree of
éeasonal wetness to which the soil is subject. In the drier areas
of Rhodesia the vertisols happen to be characterised by markedly
granular surface horizons but,; according to definition in the Tth
Approximation, this feature alone is not adequate for distinguishing
between the Usterts aﬁd the Aquerts. In fact, purely on the basis of
profile morphology most of the very dark vertisols belong to the
Gruméquerts according to the key but since they do not regularly attain
the specified degree of wetness they should belong, more logically to
the Grumusterts. Conversely, many of the vertisols fhat are subject
to‘periodic complete saturation in Rhodesia are not always mottled and
may not contain concretions of iron and manganese at any depth, as laid

down in the Tth Approximation.

Siallitic soils .

Analytical data

The majority of siallitic soils in Rhodesia occur mainly in the

drigr parts of the Sabi-Limpopo and Zambesi basins. Since the soils



are not subject to intense leaching and weathering base saturation is
high (almost invariably greater than 80 per cent) and clay fractions
consist mainly of 2 : 1 lattice minerals that, characteristically,

give rise to high E/C values as shown in Téble III below.

TABLE IIT

Salient analytical data pertaining to siallitic subsoils

. Depth CEC E/C Base Parent
Profile inches Clay % me % |value |saturation % material
8 10-16 13 12.5 96 100 Calcareous
22-28 20 13.0 | 65 | 100 material
9 6-12 63 35.5 56 | 88 Epidiorite
14-20 - 59 34.3 59 97
10 14-20 44 24.3 55 98 Fairly basic
36-42 33 22.0 | 67 100 gneiss
11 8-14 | 17 | 14.9 | 88 100 Intermediate to
16-02 | 22 4.9 | 68 100 fairly basic
: gneiss
12 12-18 8 4.7 58 87 Siliceous
gneiss
13 20-26 31 12.5 40 88 Granitic
“ lalluvium
14 10-16 A4 22.2 50 | 100 Granitic
19-217 40 18.6 47 100 alluvium
37-42 42 17.7 42 100
15 13-19 33 17.1 | 52 93 Colluvium off
Umkondo
30-36 39 16.3 42 100 formations
60-66 20 14.8 4 100
16 - 19-25 . 38 25.0 66 ' 86 Colluvium off
Umkondo
 35-41 32 21.6 68 100 formations
54-61 ! 28 | 20.7 74 ; 100

The soils of the Sabi-Limpopo basin

In the Sabi-Limpopo basin most of the soils are derived from
gneisses of various ages and origin, formerly referred to as ortho and
paragneisses in some of the earlier local geological bulletins. Most
of the soils are shallow to moderately shallow and soil texture depends

primarily on the amounts of clay—proaucing minerals in the parent



material. Being relatively little-weathered, reserves of weatherable
minerals in the soil are.appreciable° In'separated sand fractions
they are casily recognisable not only by means of a hand lens but

also by ordinary visual inspection in most instances. The mbre basic
gneisses give rise to brown or reddish brown sandy loams which overlie
redder sandy-clay loams (Profile 11, Appendix A), while, at the other
end of the range; the highly siliceous gheisses give rise to pale sandy
scils (Profile 12, Appendix A). The latter frequently occur in
association with sodic soils described later in this Chapter.

In practically all but the very éandy soils, clay content
increases quite markedly in the subsolls to give rise to textural
horizons that, in the Tth Approximation (11) conform to the
requirements laid down for argillic horizons. Where the soil is
sufficiently deep,.lower horizons frequently contain free carbonates

of calcium and magnesium. These carbonates, which usually appear as
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pseudomycelia, appear to be at 1east“partia11y illuvial in origin. They

are sometimes also found in the underlying weathered rock in the case
"of Shailower soils (Profile 11, Appendix A). Siallitic soils that
are calcéreous throughout the solum (Profile 8, Appendix A) occur to
only a very limited'extent, usually on lower slopes in areas where the
country rock is rich in calcium-releasing minerals.

Apart from soils formed on alluviums and colluviums such as
those in the lower Sabi Valley (alluviums ~ Profiles 13 and 14s
colluviums - Profiles 15 and 16, Appendix A), theugenerally shallow
nature of siallitic soils is not entirely attributable to low intensity
of weathering. Although mean annual rainfall is low there are periods
when the intensity of rainfall greatly exceeds the rate at which the
soil can absorb water and much run-off occurs, A considerable removal
of surface material thus results, particularly on.ground that has any
appreciable slope. The deeper solls, thérefore9 are found mainly on
broad, relatively level interfluvial crests away from major rivers
and watercourses where insequent drainage has given risc to‘uneven,

sloping ground.
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In regard to major irrigation projects now being developed in the
south-eastern }owveld, practically all of the soils suitable for
irrigation are found on these interfluvial crests where relatively basic
gneisses ha?e given rise to comparatively deep, brown sandy loams over
rcddish brown sandy clay. loams.

The soils of other areas

In the Zambesi catchment siallitic soils are formed for the
gfeater-part on parent materials>of the Triassic and Permian formations.
On equivalent slopes the soils tend to be deeper than those formed on
gneisses in the southern part of the country, probably on account of
~higher rainfall and the less consolidated nature of most of these
.formations. Reserves of weatherable minerals are much leés gvident

in the soils and a relatively high proportion of them are sodium-
releasing. Siallitic soils in this region, therefore, are more
frequently associated with sodic soils than is the case elsewhere.

Siallitic soils are also formed on basic rocks not only in all
dry hot regions but also in areas where mean annual rainfall ranges
up to about 25 inches (635 mm) per annum. They therefore extend onfo
the central plateau in the western part of the country (Profile 29,
Appendix A). These latter soils are brown to reddish brown clays,
often with a granular micro-structure and their occurrence under
relafively higﬁ rainfall is probably accounted for by their high clay
content, which would tend to prevent appreciable leaching, and the
abundance of weatherable minerals in basic parent materials. Although

the clay fraction is predominantly of the 2 ¢ 1 lattice type, it

usually consists of illite or illite-montmorillonoid mixed layer
minerals.‘ Some kaolinite is almost invariably present, particularly

in the redder soils. The clay fraction of the red siallitic clays

thus differs quite considerably from the strongly montmorillonitic clay
fraction of the vertiscls. To the south of Bulawayo there is an
appreciable area where reddish brown siallitic clays occur in association
with vertisols on the same parent material. While the latter are

always found in lower-lying areas, they also occur adjacent to red

clays on the uplands. In such instances, the reasons for this are
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thought to be associateé with differences in the physical nature of the
underliying rock formation and its effect on internal drainage, but this
is difficult to assess in the field.

Correlation with other classifications

The majority of siallitic soiis in Rhodesia correspond to the
Reddish Brown Semi—afid Soils of the Portuguese classification (2).
Some, however, helong to those of the Grey Brown Semi-arid Soils
~ described as having a strongly siallitic clay fraction.

Classificatiqn in terms of the 7th Approximation is much more
difficult. While many cannot be satisfactorily classified on the
basis of the information recorded, it appears that the siallitic soils
of Rhodesia would belong to at least three different orders and would
* therefore, according to the 7th Approximation, comprise a very
heterogeneous group. To cite a few examples, Profiles 9, 15, and 16
(Appendix A) appear to meet the requirements laid down for Rhodustalfs
except that base saturation in the argillic horizon is very high and
increases with depth. Frofile 13, however, which lies only a few
miles from Profiles 15 and 16 in very similar topography does not
appear to belong to this Great Group in spite of a similar arrangement
of horizons. Except for very high phosphate status, even as
determined by an anion exchange resin method (9), the epipedon of
Profile 13 would appeér to be mollic and the soil should then belong
to the Argustols. According to the Tth Approximation, however, only
anthropic epipedons may have a phosphate content in excess of 250 ppm
: P205 but in the lower Sabi Valley the very high phosphate status of
most virgin soils formed on granitic‘alluvium originates, almost
certainly, from known phosphate deposits (apatite) that occur a little

AR
higher up in the catchment area. Many of the profiles of mature soils
developed on alluviums and colluviums in this area have epipedons that
are essentially mollic in character but which do not conform to all "’
of the criteria laid down, notably on account of limitationé in depth,
excessive phosphate status, or colour,

’Some of thé siallitic solils formed on gneisseé in Rhodesia have
ochric epipedons and, from the ggneral descriptions given in the Tth

Approximation, they appear to belong to the Haplargids.
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Fergiallitic soils

Analytical data

In genefal the fersiallitic soils have been subjected to an
increased degree of weathering compared with soils so far described.
Although base saturation may often be high and reserves 6f weatherable
minerals appreciable iﬁ a few insténces, they are generally lower than
in less weathered soils. The higher intensity of weathering is,
however, reflected by the predominance-of kaolinite in the clay fraction
and concomitantly‘léwer E/C values which generally range from about 15-40.
In Table IV the main analytical characteristics of fersiallitic soils

derived from various parent materials are summarized.

TABLE IV

Salient analytical data pertaining to fersiallitic subsoils

. Depth CEC E/C Base FParent
Profile ) hes C©18Y % me % value saturation ¥  material
17 9-15 T0 17.1 24 75
- 17-24 68 17.1 25 83
27-34 64 15.2 24 80 .
38-45 63 15,0 24 83 Epldlorltg
" 48-56 62 19,1 31 87
59-65 51 22.9 45 100
18 9-16 42 16.9 40 80 Ultrabasic
19 8-13 33 7.9 24 66 Arkose
20-26 32 8.0 ' 25 66 -
20 9-14 28 6.1 22 84 Highly
29-34 24. 6.0 25 87 micaceous
21 15-20 27 4.1 15 78 Micaceous
phyllite
22 17-23 36 6.2 17 60 Cranitic
23 14-19 11 4.2 38 50
20-25 13 4,1 32 61 Granite
35-46 14 3.8 27 68
Occurrence

Fersiallitic soils are confined almost entirely to normal uplands

with good external drainage. Their development is as much dependent on
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the natufe of the parent material as on climate. In areas where
rainfall is relatively low they are formed mainly on parent materials
with low weatherable mineral content that give rise to very permeable
sandy to medium textured soils (Profile 23, Appendix A). As

rainfall increases towards the central plateau, fersiallitic soils
tend to be confined to progressively more basic parent matefials
(Profile 17, Appendix A) or other ﬁaterials that give rise to
predominantly clayey soils. While this is the general frend other,
often inter-related factors,; complicate this broad generalisation.

On the plateau the physical nature 6f the underlying rock formation
may retard internal drainage and such rocks may also be resistant

to weathering. Both circumstances can prevent leaching in relatively
light-textured soils and so give rise to fersiallitic soils (Profile 19,
Lppendix A). Furthermére, sloping ground associated with encroaching
cycles of erosion are also important since the rejuvenaticn of the
landscape leads to the formation of soil in which the\reserve of
weatherable minerals and base status are higher than they would be

in otherwise similar soil on a very much older but level land surface.
(Profiles 20, 21, and 22, Appendix A)

The fersiallitic soils have been placed into four main families
on the basis of soil texpure and profile morphology which are
determined very largely b& the parent material from which they are
derived. Broadly, these families comprise the red clays formed on
basic rocks, the relatively silty soils formed on various consolidated
parent materials of sedimentary.and metamorphosed sedimentary origin,
the highly micaceous soils formed on mica-rich materials, and the
predominantly sandy soils formed mainly on siliceous rocks such as
granite, certain gneisses, sandstones; etc.

The red clays

Virtually all of the red clays have a pronounced crumb or
granular micro-structure and most exhibit a sub-angular macro-structure
when dry. Subsoils frequently show blue-black, metallic looking,
ferro-manganese stains and~concretions. Included with this family
are the red clays formed on ultrabasic rocks which, in common with

vertisols formed on the same parent material, have a far higher
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exchangeable magnesium than calcium status and, sometimes, associated
nickel and/or chromium toxicity. (Profile 18, Appendix A)

The family does not include most of the red clays formed on
. many narrow dolerite dykes intrusive into the main body of granite (see
Map 2, Provisional Geological map) in areas where mean annual rainfall
ig of the order of 30-36 inches (760—915 mm). These latter soils are
only weakly fersiallitic since reserves of weatherable minerals, base
saturation, and E/C value are considerably lower than in normal fersiallitic
red clays that occupy more extensive areas. They have therefore been
placed'in a separate Tamily.

Although no conclusive reasons can be advanced for the weékly
fersiallitic nature of the red clays on narrow dolerite dykes; the
underlying formation is probably very pérmeable since the weathering
rock generally shows a marked spheroidal patterns This may indicate
that the dykes were well-shattered and broken, In addition, the soils
are surrounded by highly perméable para-ferrallitic soils (described
later) with which they also form marginal intergrades,colloquially
referfed to as '"contact" soils.

The relatively silty soils

The relatively silty soils, in contrast to the red granular clays,
are characterised even under natural vegetation by poorly developed,
unstable micro-structure. This is readily destroyéd at the surface
by the kinetic energy releaéed by raindrops during storms of high
intensity. In the dry state the surface horizon has varying degrees
of denseness and coﬁpaction, which in pronounced form, sevefely reduces
the rate at which the soil can accept water in spite of the fact that’
the subsoil may often be quite permeable. Most of these soils are
shallow.

-It is thought that part of the reason for the adverse physical
condition of these soils lies in their mechanical composition since,
under local climatic conditions, the denseness and compaction always’
appear to take place in soils that have a relatively high silt content.

Yost of them also have a fine or very fine-grained sand fraction.



44

In the field it has frequently been noted that many of the
relatively silty soils, particularly those deriyed from metasediments
that give rise to yellowish or pale soils, are mottled at var&ing depths
Eelow the toésoil in spite of the fact that they may occur in positions
of good exiternal drainage where it is known that the soils are not
subject to any marked degree of seasonal wetness. This suggests that
a higher proportion of iron compounds is more readily hydrated and
reduced (and thus mobilised) than in the red clays. In order to test
this theory some simple laboratory experiments were carried out some
years aéo in which red clays and silty soils were treated with
reducing égents to obsefvé comparative times taken to achieve
decolorisation. It was noted that decolorisation occurred much more
readily in fhe latter but the results were then not properly recorded.

However, further experiments have since been made using samples selected

" from those for which profile descrirtions and analytical data are given

in Appendix A. The experiments were carried out as follows s~
The original or starting colour was redetermined on the sieved
soil when 4 gm were suspended in 75 ml of water in_a beaker
at room temperature. (Colour obtained under these conditions,
as one might expect, sometimes differs from that noted when the
profile description was‘made). One gram of sodium hydrosulphite
(Na28204) was then stirred in and colours were determined after
5 minutes, 10 minutes, 15 minutes and 60 minutes.
The results are shown in Table V below.
TABLE V

Rates of decolofisation

Profile - 27 29 17 19
Depth (inches) 18-24 18-24 17-24 8-13
Group Ortho- Ortho- Fersiallitic |Fersiallitic
ferrallitic | ferrallitic

Parent material |[Dolerite Shale Epidiorite Arkose

1 Starting colour |10R4/6 5YR5/8 2.5YR4/6 10YR5/6
After 5 minutes |5YR3/4 T.5YR5/6 5YR3/4 2.5Y6/4
After 10 minutes n 7.5YRS/4 " 2.5Y7/4
After 15 minutes " 10YR5/6 " "

} After 60 minutes " 10YRS/ 4 5YR3/3 "




It will be seen that in addition to the relative stability

of redness and value in the soils derived from basié igneous

_rock compared with those of the soils derived from sediments,
the colour of the ortho-ferrallitic silty soil is relatively
less easily reduced than that of the fersiallitic one.

Complete reduction of hue to a light of neutral ‘grey was

.obtained on all soils by employing 4 gm of sodium hydrosulphite

and boiling.

It is thought that since the major part of the iron in fersiallitic
soils derived from most sediments appears to be relatively easily
mobilised, the marner in which it is compounded or associated with
the clay fraction may be weaker than in the case of soils derived from
basic rock. This, iﬁ turn, méy contribute to poor structural
stability. Low total amount of iron present may also be an important
factor.

The highly micaceous soils

The majority of thesg 80ils occur in the north in the Karoi-
Miami area. Those in the Karoi area are derived from phyllites
(Profile 21, Appendix A) and those in the Miami area from micaceous
gneisses (Profile 20, Appendix A4). Partly on account of resistance
to.weathering, particularly of the phyllites, and partly due to the
undulating tépography of the landscape in wﬁich they occur, most'of
the highly micaceous soils tend to be shallow.

The predominantly sandy soils

‘Most of the sandy fersiallitic soils occur in the fairly dissected
country that lies between the central plateau and the lower-lying parts
of the Sabi-Limpopo basin. Almost all are derived from granite which,
under relatively low rainfall, gives rise to permeabley; coarse-
grained, very sandy soils. The form;tion of fersiallitic soils
under relatively low rainfall is probably accounted for by the very
pervioﬁs nature of such soils and the .relative ease with which leaching
can therefore occur.

Similar fersiallitic soils also occur in an equivalent position

to the north of the central plateau towards the Zambesi basin.
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Correlation with other classifications

The fersiéllitic soils of Rhodesia correspond closely to soils
described és such by Portuguese authors (2). They also correspond,
in broad condept, to the Sols Ferrugineux Tropicaux of the French
classification (1).
| In terms of the Tth Approxiﬁation it appears that many should
belong to the Ultustalfs but they cannot, on the basis of the criteria
laid down, be placed in this Great Group with absolute certainty for
the following reasons :-—
(1) Not all fersiallitic soils ﬂave argillic horizons and even
in soils in which the increase in clay content in the subsoils
meets.that stipulated for argillic horizons, it is.quite likely
that in some cases at least, the increése ig due to differential
formation of clay in placé and not to illuviation.
(2) In the description of this Great Group weatherable minerals
are stated to be scarce. Although this térm is not precise,
the weatherable.m%neral status of the soils represented by
Profiles 20, 21 and é3 (Appendix A) definitely do not conform
to such a déséription. On the other hand, if most fersiallitic
soils én normal uplands. are not placed in this Great Group there
appearé to be no other logical place for them in the Tth

~ Approximation.

Para~ferrallitic soils

Analytical data

This group comprises two somewhat dissimilar sub-groups or
families that have certain features that are normaliy associated with
true ferrallitic soils but which have other anomalous characteristics that
exclude them from the Ortho-ferrallitic group. All of the para-
ferrallitic soils, however, areAfo;med on parent mgferials that give

‘rise to predominantly sandy soils and they occur mainly on those

parts of the plateau where mean annual rainféll is higher than about
28 inches (710 mm). On the one hand, the soils derived from granite

have clay fractions that are essentially ferrallitic but the soils



contain appreciable reserves of weatherable minerals, and, on the other
hand, the soils derived fromvcertain of;the Triassic formations have no
weatherable minerals and extremely low silt/clay ratios but their clay
fractions contain some 2 3 1 laftice minerals., Their main analytical

characteristics are contrasted in Table VI below &~

TABLE VI

Salient analytical data pertaining to para-ferrallitic subsoils

: Depth . CEC E/C Base
Profile | i hes Silt % Clay® 7/ % value saturation %
Soils derived from granite

24 20-26 4 19 243 12 26
48-54 4 22 2.0 9 40

25 20-24 5 36 341 9 26
40-44 > 40 - 3.7 7 30

Soils derived from Triassic formations

26 20-31 1 4 1.2 30 50
34-41 1 13 3.0 23 57

46-56 1 20 4.7 23 60

60-66 1 17 3.7 22 70

Ebé soils derived from granite

The para-ferrallitic soils formed on granite range from highly
porous coarse-grained sands throughout the profile to similar sandy
loams over yellowish red sandy clay loams. Their clay fractions
consist practically entirely of kaolinite and amorphous sesquioxides
of iron and aluminium and are thus essenﬁially ferrallitic in character.
However, the soils have appreciable reserves of weatherable mjirerals,
some of which are often macroscopically visible and this anoéélous
feature distinguishes them from true or ortho-ferrallitic soifé
described later. Thompson (15) has suggested two main reasons for
this anomaly.

(1) On the platean where there is a pronounced dry season the
essentially ferrallitic nature of the clay fraction may be
explained by the fact that the granites are‘relatively low in
clay producing hinerals and bases and theref&re typicaily give

rise to acid coarse~grained sandy soils of low water-holding

47.



48,

capacity and high permeability. The low water—holding capacity

promotes leaching, especially under a regime of predominantly

convective precipitation, as compared with heavier textured soils.
(2) In contrast to the ortho-ferrallitic soils described below,

the predominantly sandy para-ferrallitic soils dry out quickly

at the end of the rainy season, As a result the time during

which weatherable minerals, particularly the.coarser—grained
felspars, are subjected to the weathering process is much more
limited. These factors could account for soils with the
apparently incongruous characteristics of having ferrallitic

clay fractions associated with appreciable reserves of weatherable

minerals.

In the Marandellas area soils derived from granite, though still
egsentially para—ferrallitic,}tend to intergrade towards the ortho-
ferrallitic group (Profile 25, Appendix A). It is perhaps significant
thét in this area rainfall is slightly higher than on most other parts
of the plateau and soil textures a;e somewhat heavier than elsewhe;e.
Soils may consequently be expected to remain moist for a longer period
than in most granite areas on the plateau. To the east of Rusape,
furthermore, aé the region is approached in which ortho-ferrallitic
soils-pfedominate, soils similar to those at Marandellas occur.

Although prédominantly sandy, the soils derived from granite
arc somewhat variable with respect to the relative proportions of sand,
silty and clay, even within a particular area where the composition of
.the granite is apparently uniform with respect to clay producing
Wéatherable minerals. The reddest and heaviest-textured soils tend to
be formed in the highest-lying catenal positions adjacent to hills and
outcrops while the paler sandier soils tend to occupy lower catenal
positions. Thompson (13) gives the foliowing explanation -

Granite is a coarsely crystalline rock made up of free quartz,
felspars, mica, ferro-magnesian minerals and other minor accessory
ininerals such as apatite,; zircon and épidote. vIn the bieakdown and
weathering of the original rock the component parts do not all weather

at the ‘same rate. Some such as quartz cannot be chemically weathered



at all and individual grains can only be reduced in size by mechanical
means. The specific gravities of the components enumerated above are
arranged roughly in ascending order. Under the sorting influence of
various transporting agencies such as water, parent materials can be
laid down which differ considefably in composition from that of the

original parent rock. Under such conditions one might expect, at the

base of hills or on the higher crests, that there would tend to be a local

concentration of the heavier felspathic and ferro-magnesian minerals
which would give rise to the heaviest textured soils, while at the
lower end of the catena the parent material would tend to be more
siliceous.

These catenal variations have also ?een observed in fersiallitic
soils derived from granite but they are more frequently apparent in
the case of the para-ferrallitic soils.

The soils derived from Triassic formations

The para-ferrallitic soils formed on weakly consolidated Triassic
sandstones are also highly pervious but they differ from thos formed on
the granites in that they are all very sandy at the surface, and in mbst
weatherable minerals cannot be detected even by microscopic examination
of the fine sand fraction. They are, in fact, only distinguished from
the regosols, with which they are associated,. by the presence of one
or more horizons above 72 inches in which the silt plus clay content is
greater than 15 per cent (Profile 26, Appendix A).  Their lack of
weatherable minerals, and their extremely low silt/clay ratios impart
some ferrallitic properties. to these soils but their clay fractions
have sufficient 2 3 1 lattice clay minerals to exclude them from the
true ferrallitic soils. The reasons for the presence of 2 s 1 lattice
minerals in pervious soils that lack weatherable minerals, are not
understood.

Correlation with other classifications

The para-ferrallitic soils formed on granite correspond very
closely to the Quartz-Feldspathic Chromosols of Humid Regions described
in the Portuguese classification for the soils of Angola (2), while the
para-ferrallitic soils formed on the weakly consolidated Triassic

sandstones resemble certain of the Chromopsammic and Similar Soils
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in which clay content is stated as "sometimes reaching 15-20% in 1§w
levels of the profile."”

In the Tth Approximation there appears to be no logical place
for most para-ferrallitic soils. ‘Those derived from granite are
excluded from the Oxisols since the definition given for oxic horizons
does not permit the presence of appreciable weatherable minerals.

Those derived from Triassic formations are likewisc excluded from this
Order since some 2 : 1 lattice clay minerals are present.

Some of the granite-derived, very sandy soils in which there is
no appreciable increase in clay oonfent may have cambic horizons and may,
therefore, belong to the Ochrepts. It is felt, however, that the para-
ferrallitic soils should more logically be accommodated in the sub-order
Ustox, or possibly even Idox. In éither case, this would necessitate
recognitioﬁ and definition of an additional diagnostic horizon that is
similar to the Oxic horizon but which allows for the presence of an

appreciable reserve of weatherable minerals.

Ortho-ferrallitic soils .

Occurrence

The Ortho—ferfallitic soils are formed on arcas of high or
relatively high altitude where mean annual rainfall is greater tﬁan
roughly 40 inches (1015 mm). In such areas there is generally
sufficient orographic precipitation in winter to prevent any marked
drying out of the subsoils in most years. Lower mean annual and lower
mean maximum temperatures afe also important factors that tend to
prevent drying out of the soils. Under éuch conditions virtually
all reserves of weatherable minerals are destroyed and highly porous,
strongly leached soils. are formed. Their clay fractions consist of
kaolinite and sesquioxidgs of iron and aluminium and, in most soils,
some of thé sesquiozides -of aluminium become hydrated to give rise to
often appreciable amounts of gibbsite. Occasionally small amounts of
goethite are also present but this is a much more prominent constituent,
together with gibbsite, in the weathering crust-like zones that coat
certain rocks, particularly dolerite. _ In the case of dolerite these

weathering zones are often very thick.
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Ortho-ferrallitic soils have been found in three areaé in Rhodesia.
These are the Bastern Districts area which is by far the largest, the
Bikité-area which is much smaller, and finally a very small area in the
north, near Umvukwes. In the first two, fairly regular orographic
winter precipitation occurs, but in the third this is not a feature
of the climate and the soils are probably maintained in a moist
condition for a large part of the year mainly as a result of relatively
cool temperatures. .

Analytical data

Owing to the highly weathered and leached.nature of all ortho-
ferrallitic soils base saturation is generally lower than 30 per cent
with E/C values of 1ess than .15 in subsoil horizons not appreciably
influenced by organic matter. As shown in Table VII this applies

irrespective of the parent material from which the soil is derived.

TABLE VII

Salient analytical data pertaining to ortho-ferrallitic gubsoils.

. Depth - CEC E/C Base Parent
Frofile inches Clay % me % |value | saturation'% | material
27 18-24 68 10.3 15 20
48-52 68 9.7 14 20 Dolerite
28 17-22 22 3.5 16 ' 14 Umkondo
29-35 o1 5.8 13 29 sandstone
29 v.18—24 57 | 6.8 12 13 Umkondo
shale
30 26-32 46 3.0 7 47
49-55 49 3.1 € 45 Granite
31 70-76 44 5.6 13 2 Granite

The Eastern Districts

-Although the influence of parent material is still clearly evident
in the morphology of the profilé'and the texture of the soil, the
boundaries between soils formed on different parent materials in the
Eastern Districts in general are much more diffuse than in other areas
of Rhodesia. In some parts there are extensive areas where the soils
have a range of characteristics that are intermediate between those

associated with particular parent materials.



In thé Eastern Districts the main parent materials are dolerite,
granite, aﬁd shales and sandstones oflfhe Umkondo system. The soils
formed on dolerite are invariably red clays (Prcfile 27, Appendix A)
which contain appreciable aﬁounts of gibbsite. In the Inyangapi area,
where rainfall is very high (up to 160 inches Or;4065 mm per annum in-
places) laterite that has been formed by the process described as
"relative accumulation" by D'Hoore (5) occurs extensively. In parts
it appears as irregular shell-like brown coatings around wéathering
zones surrounding dolerite stones that have veen exposed, as well as
in 1arge'nodu1ar masses which are frequently soft inside.

The soils formed on Umkondo shales are moderately shallow to
modé:ately deep, relatively silty clays with yellowish red subsoils
(Profile 29, Appendix A).  Although gibbsite is always present in
the clay fraction, the amounts are much smaller than in the red clays
formed from dolerite. In contrast to relatively silty fersiallitic
soils with similar proportions of sand, silt, and clay, they have a
permeable crumbly structure in the surface horizons under natural
conditions, which cultivation tends to destroy to some extent. ‘This
sometimes results in some degree of compaction and surface éapping°

All of the granites in the Eastern Districts are intruded with
numeraus very small dolerite dykes and stringers in addition to the
larger mappable intrusions, with the result that almost all soils that
are derived primarily from granite, show some influence of dolerite.

The majority of soils are coarse-grained sandy clay loams over red sandy -
cléys or clays in which a coarse-grained sand fraction ié'always evident.
Again, gibbsite is always present in tﬁé clay frabtion, usually in
appreciable quantities. In isolated localities subsoil colours are
yellowish brown or reddish yellow. The yellowish brown subsoil colour
sometimes occurs where locally the topography is flat or relatively flat,
and the latter colour in arcas wheré there is no influence of dolerite.
In some profiles, soft white particles that have a felépéthic appearance
nay be observed, but in all cases so far examined thcse have been founa

to consist of highly-weathered pseudomorphs.
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The soils formed on Umkondo sandstones and quartzites consist of
fine-grained loamy sands or sandy loams over red sandy loams and sandy
clay loams (Profile 28, Appendix A). Their clay fractions do not
usually contain gibbsite except in‘areas where rainfall is very high
(roughly over 60 inches‘or 1520 ‘'mm per annum), and eveh-then it is
present only in small gquantities. As in the case of the soils derived
from granite, yellow subsoils occur to a very limited extent in relatively
fiat areas, usually of low reliefs

Limited areas of humic ortho-ferrallitic soils occur in the
Bastern Districts. .'They are confined almost entirely to eastern or
south-eastern facing aspects, on relativély sandy soils, usually under
denge forest in sheltered valleys. The reasons for the formation of
humic soils in these valleys are not fully understood. While the
sheltefing effect of forest may tend to bring about a cooler, and possibly
a moister, soil climatic regime throughout the yeaf, no logical
explanation éan be advanced for preferential formation on relatively
sandy soils.,

The Bikita and Umvukwes areas

In the Bikita area the ortho-ferrallitic soils are derived mainly

from granite (Profile 30, Appendix A) and, to a much lesser extent, from

" dolerite. Unlike the Tastern Districts, the granite in thy Bikita area

is not often intruded by dolerite dykes or:stringers, and the majority

of subsoil hues are 5YR or yellower. These same observations apply also
to the very small area of ortho-ferrallitic soils formed on granite in
the Umvukwes area.

Correlation with other classifications

The ortho-ferrallitic soils of Rhodesia belong to the Typical
Perrallitic soils of the Pdrtgguese classification outlined by Botelho
da Costa (3) and, of course, to soils of the same name described b&
Aubert and Duchaufor (1).

Although the suborders of the Oxisols ére somewhat tentatively
differentiated in the Tth Approximation, most ortho-ferrallitic soils

appear to belong to the Udox.



Halgmorphic soils

Halomorphic soils comprise s;dic soils and non-sodic soils.
Apart from a small known area wheré“éaline but nevertheless strongly acid
soils occur on alluvium in the lower Sabi Valley, all Halomorphic soils
in Rhodesia belong to the Sodic.group. This acid saline area was only
briefly examined in July, 1948 and subsequent analysis showed that the.
predominant salt was calcium chloride. Aithough no actual spring could
be found, subterranean seepage water charged with this salt was assumed
to be responsible for the salinity since the lower subsoils were found
to be very moist to wot. Tﬁe surface horizons were, by c&mparison,
relétively dry in spite of a higher content of this hygroscopic salt.
While this is the only known occurrence of non-sodic saline soils in
Rhodesia, there may be others and provision for them has accordingly
been made in the classification.

QOccurrence and main genetic factors that give rise to sodic soils

Sodic so0ils occur in almost all areas where mean annual rainfall
is less than about 40 inchés (1015 mm) mainly in small isolated pockets,
particularly where rainfall is relatively high. In fact; they have not
been found only in areas where ortho-ferrallitic soils occur and in most
of the larger tracts of Kalahari deposits that are deep or thick in the
geological sense. These tracts occur only towards the west of Rhodesia.
dn the other hand, the most frequent occurrence of sodic soils does not
coincide with areas in which rainfall is lowest since rather special
factors févbur their formation. These factors include parent material
that is relatively rich in sodium-releasing weatherable minerals in
conjunction with conditions that prevent leaching. Such conditions
may be low rainfall per se, low-lying catenai position, or very flat ‘
topography underlain by impervious rock sfrata.

Thus, in the low rainfall areas of the southern lowveld sodic
soilsg, wi£h cortain localised exceptions, occupy only a very insignificant
total area since most parent materials are mot particularly rich in sodium-
releasing mine:als. In the Zambesi catchment, however.'9 sodic soils occur
more cextensively than anywhere else in Rhodesia in spite of the fact that
méan annual}rainfall is higher than in the south of the country but they

are derived mainly from certain of the Triassic and Permian formations
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that on weathering release large amounts of sodium. On such formations,

pérticularly the Triassic, sodic soils often occupy extensive areas and

arc found even on steep upper sloﬁes in undulating terrain. The surface

horizons are generally sandy and the transition between this and fhe dense
impermeable horizons below is abrupt. |

Sodic soils also occur frequently,but in small areas,on the
platcau even where rainfall is relatively high. Practically all are
derived either entirely from granite (Profile 34, Appendix A) or else
underlying granite rock strata play an important part in their genesis
(Profiles 32, 33 and 35, Appendix A). Since albitic plagioclases are
often the main weatherable constitutents; an appreciable amount of sodium
is released. In the case of granite of the "castle kopje" type described
by Thompson (13), the underlying rock is well-jointed and facilitates
removal of soluble products, but in the case of the “dwala' or "whale-
back" tyﬁe, the‘granite occurs in éxtensive, unjointed, impermeable massecs.
Sodic soils; usually in association with hydromorphic soils;are therefore
most commonly found on the latter type, partiéularly where topography is
relatively flat over extensive areas.

This combination of genetic and geomorphological factors is an
interesting one for it permits the formation of sodic soils under a
climatic condition that is §Onsiderab1y more humid than is normally
agsociated with such soils. Apart from the frequent occurrence of sodic
‘soil on such formations, strong corroborative; if not conclusive,
evidence for the genesis outlined has been provided by a now abaadoned
¢ranite quarry in the high water table country to the west of Salisbury.
The quarry, covering about 1} acres, was excavated to a depth of about 70
to 80 feet, and the solid unjointedlnature‘of the granite was clearly
gvident. Before it had to be abandoned owing to flooding, largely by
lateral seepage from above following successive ycars of abnormally heavy
rainfall, an extensive area of finely-crushed granite about two feet thick
had been laid down tp provide'access during the wet season.  For some
years, a short time after the rainy season, a white, sometimes thick,
cfflorescence consisting practically entirely of sodium bicarbonate

with some carbonate appeared on the surface. This was obviouély brought
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about by rapid ﬁeathering of sodium-releasing minerals in the finely
crushed granite as a result of the greatly increased surface area,
accompanied by capillary water movemenp and surface deposition on
evaporation. |

Genesis of the profile morphology

It has consistently been observed, especiall& in the higher rain-
fallvareas, that sodic soils derived from parent materials that give
.rise to predominantly sandy soil, show permeable sandy surface horizons
(unless truncated) that overlie very abruptly commencing, hard, dense,
impermeable subsoil horizons of markedly'higher clay content. The
change between surface and subsoil is in fact so abrupt as to form a
sharp-line. The depth at which the dense horizon commences tends to be
grecater in the case of soils that are only weakly sodic than in those
that are strongly sodic. 1In the former,; exchangeable sodium percentage
is less than 25 per cent and in many instances may even be iess than 15
per cent, the level commonly accepted as being necessary to produce
deflocculation of the clay colloids. However, on the central plateau
some.of the dense horizons in which the clay fraction is obviously
defiocculated to some extent, havé exchangeable sodium per&gg}ages which
arc appreciably lower than this. The pH value of the dense h;rizon,
moreover, is not necessarily high, particularly if the clay complex is
not fully saturated. Thi s is illustreted by Profile 32 in Table.VIII

in which analytical data pertaining to all sodic sqiis is given.

R cen
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TABLE VIII

Salient analytical data pertaining to sodic soils

¢ | Base
.. |Depth jClay Conductv., | . ESP Parent
Frofilel; fohes % - PH | icromhos m%e saturation % material °
_ Weakly sodic soil
32 0-7 10 |5.1}very 6.4 64 - |Granite, with
15-211 6 }5.8]1low, 2.8 64 - {some influence
22-27 | 22 |5.2inot 8.6 98 T tof metasediments
45-50 | 41 |5.1}{recorded j11.9 88 5
. Strongly sodic soils
33 -7 { 3 (5.8 0.14 1.7 53 - |Triassic sands
12-18 1 17.2] 0.20 0.5 80 - lwith some
20-25 { 10 } 1.8 0.42 3.41 100 59}influence of
' 46-52 { 12 {7.7f 0.37 3.5 97 17lgranite.
34 0-2 5 6.4] 0.58 4.1 78 11}Granite
5-7 1 23 {8.0 1.13 11,7 100 53
A o-14 21 5;8.7 1.53 8.8 100 70
35 0-1 9 6.1} 0.70 5.5 67 ~ {Granite with
2-7 '+ 38 |8.5f 1.06 124.0 100 41|some influence
$14~20 54 8.7 1.00 30.9 100 511{of metasediments
29-35 51 8.9t 0.82 27.8 100 52
, Saline sodic so0il .
36 | 0~4 16 . ho.1| 15+ 20.4 100 100{Mainly granitic K3
7-13 | 22 10.3} 15+ 9.6 100 100}alluvium
18-24 1 33 j0.0}approx 12}14.0 100 89 '
L i

‘It is interesting to note that soils that also have low exchangeable
sodium percentages and a morphology that is normally associated with
solodized-solonetz have been reported in South Dakota by White (18).

It has been suggested by some investigators that high exchangeable
nagnesium status may contribute to the effects normally.associated with
sodium-affected clays, but in Rhodesia no evidence for this contention
has yet been found. If the presence of magnesium in addition to some
sodium were an important factor locally one might expect many of the
magnesium rich soils in low catenal positions on the Great Dyke to
exhibit a solodized-solonetzic or solidic morphology but, as yet,; no
such soils have been found. In olther arocas, however, it has been
noted that sodic soils of relatively high clay content throughout

the solum rarely, if ever, show an ebrupt change between the upper
horizon and the sodium-affected arcas, although the change may often be

distinct. Most of these latter soils occur in areas where rainfall is low.
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The correlation between sharp sodic horizon differentiation in
the case of sandy soils and the much less marked or even diffuse
equivalent change associated with soils of appreciable clay content lead
the writer to surmise that lateral water movements across the upper
boundary of sodic horizons must be responsible for sharp-line changes.
Obviously, this could only take place where the surface horizons are
freely permeable as in the case of predominantly sandy soils.  Furthermore,
it seemed most improbable thaf such abrupt transitions could be accounted
for by vertical migration of clay from surface to underlying horizons.

Subétantiétion for this theory was obtained by visiting the sites
of several sodic soils on the plateau (including the sites of Profiles
32 and 33) as soon as possible after appreciable rain had fallen in the
latter part of the rainy season. New soil pits weré éxcavated. In
alimost all cases where fhero was morc than about 6 inches of permeable
sandy surface soil, water charged with varying amounts of deflocculated
clay was observed sceping into the freshly excavatﬁd pits along the upper
surface of the sodic horizons. In most but not all instances where
the surface horizon waé shallower,; the surplus water had already
disappeared. Samples taken from the upper part of the sodic horizon
were later placéd in tcst tubes and very carefully covered with a 3
inch deptg of distilled water. Within a period of about 16 hours
(overnight) the supernataut.watef attaired varying degrees of
turbidity owing to diffusion of clay colloids and the degree of turbidity
increased, markedly in some instancés, with further passage of time.

It would appear highly likely, therefore, that clay in the seepage
water originatqs at least in part from the upper surfacec of the sodic
horizon and that in some respects this surface may be rogarded as a
subsoil erosion onc. Provided that no trucation takes place one ﬁight
oxpect that the surface of fhe godic horizon will be lowered with the
passage of time as clay, but not the coarser sandy fraction is removed
laterally down-~slope. In the analytical data given in Teble VIII it
will be.seen that where sodic soils have an appreciable depth of
permeable surface soil (Frofiles 32 and 33) there is a definite eluvial

horizon immediately above the sodic one.
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The sodic soils have been so named because their genesis appears
to Be different from that hitherto suggested for the solonetz and
solodized~-solonetz which, morphologically, they closely rescmble. In
any case it appears most unlikely that the Rhodesian soils evolved from
solonchaks in view of the relatively humid conditions'under which the
majority occur,

Most of the sodic soils of Rhodesia are characterised by horizons
that have varying degrees of saturation with sodium but low total salinity.
Saline sodic soils (Profile 36) occur to only a very limited extent and
are.confined to péckets of accumulation, such as pans, in.areas of low
rainfall.

Hydromorphic soils

The soils of this order have not been investigated in the same
detalil as thoée of other Orders and the criteria that differentiate
them at lower levels in the syétem of classification are therefore
somewﬁat tentative. Broadly, however, two main groups have been
distinguished on the basis of base saturation and clay content since
these two features have a marked bearing on concomitant characteristics
such as clay mineralogy and permeability within the solum. The parent

materials that give rise to predominantly clayey soils also release

~relatively large amounts of calcium and magnesium, whereas those that

give rise to predominently sandy soils tend to be relatively low in
base releasing minerals. The two groups have therefore been called
calcic hydromorphic soils and non-calcic hydromorphic soils, - The

main analytical data are shown in Table IX.



TABLE IX

Salient analytical data pertaining to calcic and non-calcic

hydromorphic soils

- Base CEC
. Depth {Clay . E/C Parent material
Profile inches | % saturation m%e value | pH and Group
37* o-1 | 56 97 60.6 } 108 |6.7 |Epidiorites
2-5 68 96 69.7 1 103 | 6.9 [calcic (vertisol)
15-23 | 63 100 54,0 86 8.6
30-38 | T2 100 | 58.6 81 {17.6
38 0-6 | 33 71 3.4 95 |5.6 {Mainly
C12-18 | 51 90 29.6 1. 58 ] 6.5 |metasediments;
24-30 1 48 86 21.9 46 § 6.9 {calcic
40-46 5 | 76 20.7 41 6.7
39 0-8 367 100 55.9 1 156 | 6.3 {Colluvium off
11315 | 307 100 95.3 1 317 { 6.3 |epidiorites
19-26 | 447 98 28,31 111 }16.3 Jcaleic (bumic)
40* 0-3 5 65 2.3 46 |5.6 {Granites i
v 19-24 12 22 2.3 19 ] 4.7 |non-calcic
40-44 | 12 20 3.0 25 ]5.1
41 0-3 67 2 30.6 § 510 {3.7 |Triassic or
4-8 77 1 14.4 | 206 | 3.8 |Kalahari;
10-~16 7?7 1 1 19.2 1 274 | 3.6 |non-calcic(humic)
20-26 2 | 20 1.0 50 | 4.3

* pH values done by the older, now obsolete, method (on the 1 : 5 soil/
water suspension). Values thus obtained are about 0.7 to 1.0 units
higher than those obtained on the saturated paéte or in M/TOO calcium

chloride suspension.

Calcic hydromorphic soils

The calcic hydromorphic soils do not cover extensive areas but
are confined to broad depressions or vleis that flank watercourses in
those parts of the country where mean annual rainfall is higher than
about 24 inches (610 mm). These vleis may also constitute the sources
of more permanent streams.

Most of the calcic soils are lqwer catenal associates of
fersiallitic soils formed on basic rocks or the more argillaceous
matasediments and they are all dark grey or black clays which, particularly
in the case of the sediments, may be mottled in the subsoil. Base
saturation is always high and some proportion of the bases are thought

to originate from higher lying ground. The depressions in which they



occur are often referred to locally as "base-accumulating" vleis.

Although no specific criteria for base saturation can be given it

- appears that a base saturation of 50 per cent would be realistic in

separating calcié from non-calcic soils,

Presumably on account of high base status and poor drainage
both internal and external, the clay fraction of calcic soil tends to.be
montmorillonitic. Many, if not most of the black clays derived from

basic rocks show slickenslides (Profile 37, Appendix A), but such

-80ils are regarded as being primarily hydromorphic and for secondary

reasons vertisolic, as indicated in Chapter II.

Non~calcic hydromorphic soils

In addition to vleis, non-calcic hydromorphic soils also occupy
extensive areas where tcpography on the plateau is relatively flat, ana
is underlain by the impermeable granite formation described earlier.

Non-calcic soils in the vleis are, in the main, lower catenal
associates of para~ferrallitic soils derived from granite and Triassic
sandstones and, to a lesser extent, of regosols of the Kalahari and
Triassic formations. Since the soils are typically sandy they are
permeable at least in the upper part of the solum and bases rarely
accumulate presumably because they tend to be removed by lateral water

movement.

Humic hydromorphic_soils

| For reasons not fully understood organic matter sometimes
accumulates in very minor, widely separated areas in both calcic and
non-calcic soils to give rise to humic hydromorphic soils. In soils
so far examined the horizons rich in organic matter have very low pH
values and are base-depletéd in the case of the non-calcic soils
(Profile 41) while in the calcic soils (Profile 39) equivalent pH
values range from slightly acid to almost neutral on account of high
base saturation.

Special Features of Some Rhodesian soils

Stone-lines

Stone lines or gravel horizons, which in the main comprise sub-

angular to sub-rounded quartz stones, commonly occur in most Rhodesian

61,
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soils with the exception of regosols.  Their thickness, even within a
particular locality, may range from a sometimes discontinuous single
stone layer, to three feet or more. As noted by Ireland, Sharpe and
Eargle (8), most of them appear between the solum and underlying
weathering rock. This is particularly noticeable in undulating to
broken country where road cuttings often clearly reveal their primary
origin from quartz veins in the rock. Sharpe (10) attributes the
positibn of these stone lines at the'baée of the soil, immediately above
the rock, to soil creep and to relatively more rapid movement of the
surface layers. This explanation seems to be entirely satisfactory in
undulating or broken couniry. However, the occasional occurrence in
Rhodesia of very irregular stone lines that are not underlain by weathering
rock in.very flat country on the plétcau is very much more difficult to
explain. In such areas the depth at which stone lines may be
encountered even in an excavation covering an area of 6 x 3 feet, may
vary from a few inches below the soil surface to several\feet. As in
inost areas éf Rhodesia séil boundaries still change sharply according to
parent material from which they are derived and this would seem to rule
out any large scaie soil movements to explain the presence of such stone
lines. Some authors, including de Heinzelin (4) who refers to stone
lines as "nappes de gravai'", have postﬁlated biological activities,
such as reworking of the soil by termites, as being at least partly
responsible for formation of definite stone lines. ' Although numerous
species of termite are widespread in Rhodesia it is difficult to
visualise how reworking of the soil could give rise to such undulating
stone lines. In the absence of more precise local knowledge the mode
of their occurrence must remain largely a matter of conjecture.
Laterite

Three main‘tyﬁes of laterite or lateritic horizons have been
distinguished. Two of them are of current formétion but the third is
undoubtedly of older origin and in some instances may be associated with
previous cycles of erosion. The laterites of present day formation
comprise those formed by processes of absolute and relative accumulation

as described by D'Hoore (5). In the case of the former, iron, manganese,
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and aluminium compounds in mobile form move either vertically or
.horizontally and are precipitated locally, whereas in the case of the
latter, intense weathering preferentially removes bases together with
the more siliceous products of weathering to give rise to a relative
accumulation of such compounds.

In the geological sense relative accumulation may be regarded as
true laterite sincé it is produced only under conditions of intense
weathering and is therefore only found in association with ortho-ferrallitic
soils in minor localities in Rhodesia. On the bther hand, absolute
accumulation is much more Qidespread‘and is more iike ferricrete since,
in the process of deposition and subsequent hardening many diverse |
materials are usually incorporated to give rise to lateritic conglomerate.
Absolute accumulation ocrurs mainly on the plateau and is associated with
fersiallitic and para~ferrallitic soils particularly in a low catenal
nosition flanking hydromorphic soils of depressions or vleis. They
are also found in the contact zone between soils derived from iron-
rich parent material, cuch as banded iron-stone, and those formed from
more silicequs matefia?s.

The older laterite is also found mainly on the plateau. It
usually occurs as a cezpping on hill tops eifher in an‘unjointed mass
or as broken remnants. Less frequently, scattered boulders of this
type of laterite are also found on interfluvial crests in gently
undulating country. These older laterites are all extremely indurated
and the great majority of them are strongly conglomeritic., The latter
feature would suggest that they were originally formed by the process
of absolute accumulation. This is of considerable interest since it
ihdicates that; on the plateau at least, there have been no major
climatic changes for a considerable period of time. In fact the
writer is of the opinion that most soils in Rhodesia conform to those
that might be expected under the present.day climate and that there is
little, if any convincing evidence to suggest any evolution of soils
under climatic conditions materially different from the present. It
should also be noted that there is a very considerable variation in

rainfall in any particular area (see data for maximum and minimum
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rainfall, Appendix B). In a few minor localities there are soils that
some pedologists may consider to show features that suggest evolution
under a more humid condition than the present. In such instances, it
seems to the writer that it would Be equally valid to attribute any such
features to the cumulative effect of high seasonal rainfalls, even
although they occur at infrequent intervals, as it would be to invbke

Ipast rluvials.

B. ECOILOGY AND SOILS

In most so—oalled "natural" systems of classification the
importance of vegetation as a soil-forming factor is recognised, mainly
through its effects in regard to re-cycling of bases and contribution
to organic matter status. Specific kinds or types of vegetation are,
however, determined practically entirely by soil and climatic factors.
This is very clearly evident in Rhodesia,

' Vincent and Thomas (17) state :-

- "Southern Rhodesia is the meeting piace for three
major vegetation groups or floral regions. The
northern and central portions are dominated by
the most southerly extension of the. great Central
African Brachystegia woodland. In the southern
lowveld this vegetation meets that of the Natal
and Northern Transvaal lowveld, while in the west
and south-west it merges with, and finally gives
way to, the Kalahari vegetation. sceeecesscsne
Irrespective of the region to which it belongs,
the vegetation of Southern Rhodesia falls into
one of four major vegetation formations governed

" by climatic factors, predominantly rainfali, but
modified by temperature. These formations are
Forest, Grassland, Woodland, and Bushland. EERRRTY
Within each of the above vegetation formations many
vegetation tyﬁes occur which are the result of |

secondary factors, primarily the soil factor.
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Each of these in turn has its variants due to
relief, aspect, and hydrological and other

modifying conditions."

‘Forest

In Rhodesia forest is confined to relatively small scattered
areas and it compriscs two main types,‘namely, evergreen montane
forest and pértly deciduous riverine foreét. The former occurs
maiﬁly in sheltered frost-free valleys of southerly to casterly facing
aspect in regions of high rainfall in the Eastern Districts and to the
south of Bikita. They are thus always associated with ortho-ferrallitic’

soils. . Typical constituents are Cussonia umbellifera, Trichilia

chirindensis, Khaya nyasica, Macaranga mellifera, and Parinari

curatellaefolia.

Riverine forests are confined to fringes flanking major rivers
where fwo essential conditions obtain, These are'alluvially deposited
soils that permit lateral water movement from the river to support forest
vegetation and the absence of regular frosts. The latter requirement is
met mainly in hot regions at low altitude where, in general, rainfall is
low. With few exceptions, therefore, riverine forests are associated

with siallitic soils that are deep. Trichilia emetica, Lonchocarpus

capassa, Acacia tortilis, A. albida, Kigelia pinnata, and Pseudocadia

zambesiaca are among the most common large trees. In the Zambesi

basin Tamarindus indica is also very common but this treec has not been

observed in the Sabi-Limpopo basin.

Grassland

True grassland without trees occurs only to a very limited
extent in Rhodesia, mostly as a tufted sward in the higher-lying more
exposed parts of the Eastern Districts. Typical species include

Loudetia simplex, monocymbium ceresiiforme, and Eragrostis and

Sporobolus spp.

Gfassland with scattered trees is, however, much more widespreéd
especially on the plateau where it is almost invariably associated with
high water tables énd, therefore, with hydromorphic soils. As indicated
earlier, the majority of hydromorphic soils are non-calcic ones and these

Hyparrhenia spp. may often be dominant where the degree of wetness is
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not pronounced but in the wetter areas they give way to grasses such

as L. simplex, M. ceresiiforme, and Andropogon eucomus. - Sedges may

also appear. Except in very wet areas where Syzygium guineense

is sometimes locally dominant, Parinari curatellaefolia is always most

prominent in the scattered tree vegetation.

On calcic hydromorphic soils Imperata cylindrica, Alloteropsis

semialata and Setaria spp. are common among the grasses and, if present,

frees consist practically entirely of Acacia spp.

Relativély small areas of grassland, usually with few trees, also
éccur on parts of the Great Dyke where the soils have sufficient amounts
of availdble nickel and/or chromium to be toxic to most trees. The

scattered trees that remain comprise mainly Diplorhynchus condylocarpon

and Combretum sp.

ioodland and Bushland'

These two vegetation forms are considered simultaneously since
the main differences lie in the height of trees and their spacing.
In woodland the trees aré taller and tend to be more widely spaced than
in bushland. The close spacing in bushland is accentuated by the
prevalence of shrubs wﬁich locally may occur in sufficient numbers tb
give rise to dense thicket. |

Woodland and bushland, together cover by far the greater part
of Rhodesia, and within each the species vary according to s0il and
climatic changes. In general the density of grass cover associated
with each varies in inverse proportion to the density of the tree'cover.

. Brachystegia spiciformis (msasa) - Julbernardia globiflora

(mnondo) woodland is probably the most éxtensively occurring type of
woodland in Rhodesia. 1In general it occurs under mean annual rainfall
ranging from 40 inches.(1010 mm) to about 28 iﬁches (710 mm) in the case
of heavy textured soils, and from 40 inches to about 24 inches (610 mm)
on predominantly sandy soils. It is always associated with permeable
soils and soils that have good external drainage such as those on
hillsides. In areas of relatively high rainfall msasa tends to assume
dominance over mnoﬁdo but towards the lower limits given above, the

reverse situation obtains.
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As rainfall diminishes the character of the woodland changes as
species better adapted to drier conditions replace first msasa, and later
'mnondo" .This change takes place first on the heavy-textured soils
probably because effectiveness of rainfall with respect to depth of
penetration is less than in the case of predominantly sandy soils,

although other more obscure factors including inherent fertility may

also be important. Such species include Piliostigma thonningii,

Sclerocarya caffra (marula), Kirkia acuminata, and various Combretum spp.

and Acacia spp. Although some tall trees remain, most become shorter.

and numerous shrubs; such as Flacourtia indica, Dichrostachys cinerea,

Ziziphus mucronata, and Grewia spp. appear until woodland gradually

gives way to bushland. Within this transition Colophospermum mopane

(ﬁopani) appears, firstly on sodic soils where it generally occurs in
small isolated groups, and then as scattered, tall trees which gradually
become more numerous as more arid conditionslare encountered. In the
hotter areas at low altitude in the Sabi-Limpopo and Zambesi basins,
mopani may be regarded as being broadly dominant since it is found not
only in association with oéher trees but also as a woodland in pure stand
over large tracts of country. The conditions governing its occurrence
are discussed more fully below.

Specific soil-vegetation corrclations

During the course of numerous soil investigations in all
parts of Rhodesia it has repeatedly bcen observed that certain plants,
notably trees.or associations of these, can be correlated with particular
kinds of soil. Most of the correlations that have been established
coﬁcern trees for two main reasons.' Firstly; trees can_be recognised
relatively easily from a distance and secondly their shape and
distribution are often clearly recognisable from the air or on
airphotographs. While many of the soil-vegetation correlations
described below will apply specifically to Rhodesia or t§ certain parts

of it, some at least, are known to have a wider application.

Acacia albida

This large tree has only been observed in hot areas at low

altitude on siallitic alluvial soils. Wherever it becomes a prominent
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constituent of riverine vegetation, the =so0ils are always very sandy either
throughout the solum or below about 18 inches.

Acacia tortilis - Euphortia ingens — Albizzia harveyii woodland

This vegetation association comprises an almost park-like woodland
only on deep siallitic soils of alluvial or colluvial origin, again in
hot areas at low altitude.. The soils are always medium textured and
rclatively permeable and, almost invariébly, are calcareous below about
4 feet. A, tortilis alone has no particular significance since it occurs
on a wide variety of soils including sodic ones. In the drier parts
of the country it is also the first tree to reappear on cultivated land
that has been abandoned. Similarly, E. ingens may also occur on a wide
variety of site conditions provided that-they .are physiologically dry
ones. This may even include shallow soil underlain by solid rock on
steep slopes in areas of relatively high rainfall.

Acacia xanthophloea (Fever tree)

This tree is locally dominant on low-lying sites subject to
periodic flooding only in hot areas at altitudes of less than about
1,300 feet above seavlevel. The soils are almost invariably alkaline
and sodic at some depth.

Afzelia quenzensis (Pod-mahogany)

This very large trae seldom occurs in any great concentration
but it is always asscclated with very sandy soils. It occurs as a minor
constituent, therefore, of masasa-mnondo woodland on regosols in the
- west of Rhodesia. It also occurs in association with other vegetation
on relatively deep very sandy soils in the hotter parts of the Sabi-
Limpopo and Zambesi basins. These latter soils are usually siallitic
but occasionally are fersiallitic.

Baikiaea plurijuga (Rhodesian teak) and Burkea africana

These trees are found mainly on regosols. Both are constituents

of msasa-mnondo woodland but while B. plurijuga is confined almost entirely

to regosols in the west of Rhodesia, B. africana has a more widespread
distribution.

Brachystegia boehmii

-

This tree is normally a minor constituent of msasa-mnondo

woodland but, where locally it becomes numerous, relatively shallow
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s0ils of moderately impeded internal drainage are indicated. It also
occurs as a woodland in almost pure form over large tracts on shallow soils
in undulating country in the upper reaches of the Zambesi basin.

Colophospermum mopane

The mopani tree is unique because its significance in regard
to soil debends primarily on the climafe of the area in which it is
found. The specific conditions under which mopani 6ccurs were described
by Bllis (6) in 1950 and by Thompson (14) in 1960, and they are
summarized belows |

Since mopani is essentially a zerophytic tree it occurs in
hot areas where mean annual rainfall is less than abouf 18 inches (455 mm)
on almost all soils, deep or shallow, sodic or not. On moderately
deep to deep, relatively pefmeable siallitic soils it often occurs in
pure form as a woodland in which the trees are evenly spaced and_well—
grown and in which there are few young saplings. A smell shrub, Grewia
bicolor is.frequently common in the understory.

On sodic goils, however, the character of thé woodland is
different. Trees are geﬁerally smaller and often gnarled, spacing
though irregular, is generally much closer, and in parts young saplings
may be so numerous that they form thicket—like patches, The shrub that

is usually found in this type of mopani woodland is Buclea undulata.

As rainfall increases edaphic factors assume more importance
and mopani tends to be confined to sites and soils that become
physiologically progressiveiy drier. Thus where rainfall is.only
slightly higher than in its normal habitat, the tree will occﬁr mainly
on shallow soils with appreciable slope, or on soils that have dense
. impermeable horizons at shallow depth. Finally, Where mean annual
rainfall is considerably higher, i.e. above about 20-24 inches (510-610 mﬁ),
it occurs only on sodic soils at sites where practically all water is
shed by run-off. - Thus, on the plateau where rainfall is relatively
high the occurrence of mopane invariably indicates sodic soils.

Combretum apiculatum

In the Sabi-Limpopo basin dominance of this small tree in

bushland almost invariably denotes shallow, sandy siallitic soils.
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These soils are usually derived from siliceous gneisses that tend to
occur as narrow ridges which, colloquially, are referred to as
"apiculatum ridges" becauée of the characteristic vegetation they suprort.

Combretum elasagnoides

Marked dominance of this small tree, which occurs in the
Zambesi basin, always indicates deep, well-drained, predominantly sandy .
siallitic soils in which clay content increases gradually with depth.

On such soils C. elacagnoides is generally associated with some

C. apiculatum and some Kirkia acuminata. C. claeagnoides is also-a

constituent of dense, often impenetrable thicket that is characteristic
of regosols in the hotter drier parts of the Zambesi basin.  Other

constituents of this thicket, locally known as "jesse'", are

Diospyros spp., Dichrostachys cinerea, Combretum celastroides,

Commiphora spp., and Acacia SPp.

Combretum ghasalense

Marked localised dominance of this tree is almost invariably
associated with relatively deep, medium to heavy textured soils in which
there is some degree of compaction and mottling in the subsoils but
| never salinity or alkalinity. The tree is therefore most commonly
found in well-grasscd relatively low-lying arcas that receive some
run~off from higher ground. Since it is easily damaged by frost it
occurs in Rhodesia mainly at altitudes below about 3,500 feet. The
soil may be either siallitic or, less frequently, fersiallitic.

Combretum imberbe - Colophospermum mopane — Acacia nigrescens woodland

This type of woodland is most commonly found on soils derived

~

from basic gneisses in arcas of low rainfall in the Sabi—Limpopo basin.
The woodland is invariably associated with relatively deep, reddish

brown, medium-to moderately heavy textured, permeable, siallitic soils
that form on broad, relatively flat, interfluvial crests (sce Siallitic

soils, page 38 ). Under natural conditions when over—grazing does not

take place, the grass cover, which consists mainly of Urochloa spp.,
is moderately thick.

. Triosems engleranum

This small 3-4 foot high shrub occurs mainly on the plateau

wherc mean annual rainfall exceeds about 28 inches (710 mm).
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%¥ild (19) has suggested thaf its incidence may be oncouraged by over-
graZipg aﬁd too frequent veld fires. This may well be so but it has
also been noted that its marked prominence almost invariably indicates
the presence of laterite in subsoil horizons, particglarly where it
occurs on the lower slopes of uplands on which the soils are red
fersiallitic clays. The lateritic horizons may either be hard and
cemented or they may consist of loose, pisolitic concretionary material.

Hyphaene crinita

In Rhodesia this palm is confined to hot areas at low altitude.
It grows as a tall slender palm on deep fertile siallitic soils in sités
where it is able to tap free water at depth., In mosf instances either
the soil or the water is slightly to moderately saline. H. crinita also
occurs as a shrub with leaves at ground level on truncated,; strongly
sodic soils that arc subject to periodic inundations of short duration.

Parinari curatellaefoliz and Syzysium guineensc (Waterberry)

As indicated carlier these two trees are infallible indicators
of non-calcic hydromorphic soils on the plateau wherever they become a
dominant constituent of'a widely spaced tree population. S.guineense
tends to be confined to the wetter areas. It should be noted, however,
that in the Eastern Districte and in other areas where ortho-ferrallitic

soils occur, P. curatellaefolia is often a common constituent of

woodlands and forests.
Sesbania sp.

This leguminous annual grows to about 6-8 feot tall and is
normally a minor constituent on siailitic’alluvial soils flanking major
rivers in hot areas at low altitude. However, on éultivated lands that
have been zbandoned, particularly those with heavy-textured soils, it
assumes dominance often to the extent of forming an impenetrable mass.
It may persist as a significant constituent for periods of up to 8 years
and since the indigenous inhabitants seldom remove the larger trees from
cultivated areas, the occurrence of Sesbap?a(gg. is often the only
indication of relatively recent cultiva%ion. This applies particularly
on heavy toxtured soils that are not heavily tiﬁbered in the natural

state.
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Terminalia sericea

This small silvery leafed tree is always indicative of.very
sandy 80ils that may be regosols or, if they are derived from granite,
they may be para-ferrallitic or fersiallitic éoils depending on the climate
of the area. Although it is a widely distributed tree it occurs mainly
in the west of the country. It does not occur in very hot dry areas
at low altitude.

Uapaca kirkiana

This tree is normally a minor constituent of msasa-mnondo
woodland but where it becomes dominant in localised ereas it is
invariably ihdicafive of relatively shallow, gravelly soil in which
internal drainage is not markedly impeded. The gravel may consist of
éuartz stones (usually sub—rounded) or it may be lateritic. Since the
tree grows only on relatively well-drained soils,; the laterite generally
consists of shattered or broken lumps. In most instances such laterite

is not of present day formation but is usually a remant of older origin.

Xeromphis obovata

Localised dominance of this short thorny shrub is invariably
associated with shallow sandy soils that are often stony. Although
most are lithosols, the slightly deeper ones may 'be fersiallitic or
siallitic soils depepding on the climate.

Tdentification and interpretation of vegetation on airphotqgraﬁhs

In Rhodesia most aerial photography is carried out during part
of the winter period, usually between May and July, when the atmosphere
is clearcst with respect to haze and, of course, devoid of cloud.

Apart from all the broad inférences and interpretations that can be
geined by examining stereo pairs, considerable experience in
correlating vegetation as scen on the ground with that shown on the
airphotograph, is an essential prerequisite to reliable recognition
of vegetation type. It is also important, particularly in areas of
low rainfall, to know the approximate order of incidence of leaf fall
of deciduous trecs that, from their shape or pattern of distribution,
can be recognised on airphotographs. In fact, the case with which

interpretatiqﬁs can be made is often dependent on many species being



devoid- of leaves at the time of photography, especially in the low-veld
where woodland and bushland tend to be relatively dense. In this way,
to cite an obvious example, "apiculatum ridges" are clearly distinguishable
from mopani woodlands even where tree spacing patterns are similar, since .
the vegetation on the former is almost invariably 1éaf1ess before
photography normally commences. The latter éenerally loses its leaf
by about July in the Sabi~Limpopo basin, and by about September in the
major valleys in the Zambesi basinj; these are obviously very broad
generalisations. | |

From, the ppint of view of carrying out soil surveys in fairly
dense woodland.or bushland country, the employment of airphotographs
is essential. One of their main uses lies in ﬁhe mapping of soil
boundaries that coincide with observed vegetation changes, aﬁd in being
able to locate oneself on the ground. In both respects, it is desirable,
but not essential, that the state of leaf fall in bushland or woodland
should be similar to that when the airphotographé were taken. It
should be emphasized that, except in rare cases, it is not poésibleuto
map soils on the basis of stereo examination ;f airphofographs alone
without adeguate examination of soils in the field. ﬁut even in the
case of the exceptions,'mapﬁiné can only be on a broad basis at fairly
high categorical level and, in any event, some prior ini;ial ground

correlation has to be made originally.

The soil map (Map I)

Since a large amount of information has been accumulated concerning
soils'in most parts of Rhodesia, it has been possible to prepare a soil
map at a scale of 13 15,000,000 on which a considerable degree of
factual detail can be shown. As far as possible the mapping units
comprise units of classification, or complexes of them, mainly at the:
gsoil Family level. These mapping units represent the most commonly
occurring soils., Complexes are shown by the symbols of their
constituents in order of incidence. For completeness, iwo classification
units are included in the Key although the soils that belong to them
cannot be mapped at this scale. The mapping units, for practical

reasons, refer to soils occurring on normal or upland relief, catenal
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associations are not shown. Hydromorphic soils of vleis occupy
relatively minor areas within most mapping units and their inclusion
in units that already comprise complexes would detrimentally complicate
the map. However, non-calcic hydromorphic soils that occur
extensively on the plateau are shown in complex with other soils.,
Similarly, lithosols occuring in broken country or in undulafing terrain
in the drier areas are shown.either as such or in cdmplex with other
soils. Small areas of lithosols sometimes associated with catenas are
not shown. Sodic soils, like the non-calcic hydromorphic soils, appear
only in complexes owing to the sporadic nature of their occurrence,
even in places where coliectiVely they comprise the major paft.o

.Parent material boundaries have been taken mainly from the
Provisional Geological Map (Map 2), since in numeroué soil investigations'
it has been fbundlthét s0il boundaries coincide with mapped geological
boundaries in most instances. However, in the few places where this
coincidence_has not been exact, some departure from the parent material
boundaries shown on the geological map has been made on the so;l map.

The boundaries betweén different soils formed on the same
parent materials have been determined by soil investigafions ranging from
fairly detailed soil surveys in some areas to broad reconnaissance.in
others. In the latter, the correlation of soils with types of
vegetation has been an invaluable aid. For example, dominance of

Parinari curatellaefolia in the scattered tree vegetation in fairly

opén country is an infallible indicator of sandy, non-calcic hydromorphic
soils on the plateau. This type of country is clearly recognisable
from the air or on air photographs, and it contrasts markedly with the
Brachystegia spiciformis-Julbernardia globiflora woodland that ﬁormally '
occurs on well-drained soils on this tract.

In Rhodesia there is only one appreciable area where no
pedological examination of the soils has been made. This lies in the
extreme west and comprises mainly the Wankie National Game Park. The
geological map (Map II) shows it to.be entirely Kalahari sands and one

might,; therefore, assume the soils to be regosolé. However, the



peculiar drainage pattern shown by watercourses in some parts, and the
high incidence of pans in other areas, are features not normally

associated with regosols. Moreover, it is known that Colophospermum

mopane occurs extensively and mean annual rainfall is greater than 20
inches (510 mm). Under these conditions Thompson (14) has shown that

Colqphospefmum mopane almost invariably indicates sodic soils. More

'recently, extensive areas of black clays, that are probably vertisols
formed on basalt, have been reported. In view of the uncertainty
concerning the soils and their distribution in this area, no definite

information has been shown on the soil map.

g
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SUMMARY ‘

Rhodesia (formerly Southern Rhodesié) is a relatively high-
lying region dominated by a central plateau surrounded-by lower country
on all sides. It embraces a wide diversity of geological materials
and about two~thirds of its total area comprise those of igneous or
metamorphoéed igneous origin. Deep, loose, mainly aeolian sands
account for approximately a further 25 per cent.-.'Sediments that have
been subject to at least one cycle of erosion and that are characteristic
of vast tracts of the North American and Eurasian continents consequently
constitute only a very minor part of Rhodesian soii parent materials.
Whereas changes in parent material oceur frequently at close intervals,
climate, on the other hand, is relatively uniform over large areas. As
a result the importance of parent material as a pedogenetic factor
responsible for soil differences is very evident. .For this reason
systems of classificationvin which there is a strong emphasis on
zonality according to climate have, for the greater paft, little
practical value. Af the same time, early local attgmpts to classify
the soils primarily on the basis of parent ﬁaterial'were also not
satisfactofy. Some attempt has been made to cléssify in terms of
fhe Tth Approximation of the comprehensive System proposed by U.S.D.A.
soil survey staff but while many soils can be satisfactorily classified,
many others cannot. 1In any case many of the data accumulafed over the
past 17 years do not include information specificaily required for this
exercise.

| A soﬁnd system of classification should, in the view of the
writer, be one in which the soils are groupeé according to similarity
of fundamental properties of the soil itself. The arrangement of
~these gfoupings within the system shoﬁld, however, be based at least
in part on some pedogenetic_principle that is applicable to, or process
that is operative in; the region in whiéh the system is evolved. The
pédogenetic'concept of degree of weathering and leaching imposed by
climatic and other forces on soils derivéd from specific types of’
parent materiéls is implicit in the classification evolved by the

Inter-African Pedological Service (S.P.I.) for the soil map of Africa:’
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This epproach provided, for the first time, an eminentiy suitable
foundation on which to base a realistic system of classification for
Rbodesian soils. ‘ |

In schematic outline the Rhodesian classification employs four
categorical levelsy, namely Order, Gréup, Family, and Series, in a simple
branching system, Therec are five soil orders, namely Weakly Developed
vsoils,‘Calcimorphic soils, Kaolinitic soils, Halomorphic soils and
" Hydromorphic soils. The first three reflect the broad pfogreésion
in intensity of weathering but in the remaining two, other factors,
notably those‘that give rise to retarded internal soil drainage, are
more important genetic.considerations. At the Group level of abstraction,
differentiae include certain fundamental characteristiés such as reserves
of weatherable minerals,-baée saturation, and clay mineralogy. The
Soil Family provides a convenient and essential link between the soil
Group and the soil Series. While subdivision at the Family level is
mainly on the basi; of so0il texture and certain morphological character~
istics; criteria relating to exchangeable sodium percentage and
electrical conductivity are defined in the case of soils bélonging to
the Halomorphic Order.  Although the concept of the soil Series as
defined in the U.S.D.A. Soil Manual has been closely followed, a
departure frém commonly accepted convention has been made in regard to
" nomenclature - the ordinary place name has been replaced by an almost

equally concise, partially descriptive one.

In describing the soiis of Rhodesia, mainly at the Group levei,
- correlations are made with other systems of classification, notably that
evolved by Portuguese pedologists for the soils of Angola, and the Tth
Approximation.

While most soils in Rhodesia are regarded as being derived
in situ it is fully realised that on all land with perceptible slope.
there must inevitably be some movement or creep of materials. Ih
certain cases this gives rise to parent materials that differ somewhat
in composition from that of the parent rock from which they originated.
Since thé majority of soils in Rhodesia are predominantly sandy, the

diagnostic value of the sand fraction assumes importance. Sand
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fractions are separated into three different-sized sub~fractions which,
by their relative proportions énd individual components, can be related
to the parent material from which the soil is derived. Examination by
these méans is often of value when transported soils are encountered,
or in areas where there are no rbck outcrops.

The Weakly'Developed4&oils comprise regosols, which are deep
sands with weakly developed AC profilés, and lithosols which are
heterogeneous soils shallower than 10 inches, over consolidated
weathering rock. |

The €alcimorphic soils comprise vertisols and siallitic soils.
The clay fraction of the former ig always predominantly montmofillonitic
while in the latter it often consists cither of illite or poorly
crystalline illite-montmorillonoid mixea layer minerals. - In the
hotter, dricr arcas vertisols are characterised by well-developed, friable,
granular surface borizons with excellent physical conditions for plant
growth and therefore for cropping under irrigation. Vertisols formed
under more humid conditions, however, have much denser, harder surface
horizonsg, Siallitic-soils are confined mainly to the hotter drier areas .
of Rhodesia.

The Kaolinitic soils comprise three Groups; namely fersiallitic,
para—ferralli£ic (a ﬁame originally suggested by Botelho da Costa to
describe certain soils occurring in Angola), and ortho-ferrallitic soils.
Foersiallitic soils tend to be formed on parent materials that give rise
to saﬂdy s0ils mainly in areas where rainfall is relatively low. As
rainfall increases towards the central plateau, fersiallitic soils tend
to be formed on'progressively more basic parent materials or other
materials that give rise to predominantly clayey soils. Para-
ferrallitic soils are confined to parent materials that give rise to
predomihantly sandy soils on the higher rainfall parts of the central.
plateau. Although their clay fractions are essentially ferrallitic
in character, paré—ferrallitic soils have significant reserves of
weatherable .minerals. This apparently anomolous feature is thoughf
to result from their rapid amnual desiccation at the end of the rainy

season. Ortho-ferrallitic soils are intensely weathered soils that
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are found only in dreas of Rhodesia where there is normally sufficient
winter rainfall to maintain the soil in a moist condition all the year
round..

Halomorphic soils in Rhodesia are repfesented almost entirely
by sodic soils, which morphologically resemble solonetz aﬁd solodized-
solonetz., Their genesis, however, is different since it appears most
unlikely that they evolved from solonchaks in view of the relatively
' humid.condifions under which most of them are found. Lateral water
movements across the surface of the dense impermeable sodic horizon is
thought to be responsible for the very abrupt change between surface and
subsoil horizons.

Hydromorphic soils occur mainly on the central plateau, most
frequently in broad depressions. They comprise two ﬁain types namely,’
calcic hydromorphic soils and non-calcic hydromorphic soils.  The former
are predominantly clayey soils with high base séturation while the latter
are predominantly sandy leached soils of low base saturation.

In Rhodesia vegetation types are determined mainlj by soil and
climatic conditions. Many soil-vegetation correlations have been |
estaﬁlished and confirméd over the years. Most vegetatibn types are
clearly recognisable both from the air and on airphotographs and this
is of particular value when mapping soils on a broad reconnaissance
basis.

A new soil map of Rhoéesia which shows considerable detail in

spite of the 1 ¢ 1,000,000 scale, is precsented.
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ABSTRACT

The natural features of Rhodesia, which include a diversity
of soil parent materials of igneous origin, are contrasted with those
of the North American and Burasian continents. Existing systems of
classification are discussed in relation to fheir suitability for
application to local éoils. The work of the Inter-African
Pedological Service provided for the first time a suitable foundation
on which to base a realistic system of classification for the soils of
Rhodesia. In schematic outline this classification employs four
categorical levels, ranging from soil Order to soil Series, in a
simple branching system. The soils of Rhodesia and their genesis
are discussed and correlafions are made with the Portuguese classification
evolved for the soils of Angola, and with the Tth Approximation of the
comprehensive system of the U.S.D.A. soil survéy staff. Many of the
soil—végetation associations that have been established are aiso
discussed. A new soil map of Rhodesia at a scale of 1 ¢ 1,000,000

is presented.
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APPENDIX A

DESCRIPTICNS OF TYPICAL PROFILES AND ANALYTICAL DATA .

Notes on Profile Descriptions

‘ Terms used for consistence and structure are as defined in the
Soil Survey Manual (7).

Textural classes used in Southern Rhodesia since 1941, are
based on Stobbe (8), namely :~

Sand more than 85% sand

Loamy sand 80-85% sand

Loam less than 50% sand and less than 20% clay
Sandy loam _ 50-80% sand and less than 20% clay
Silty loam more than 50% silt and less than 20% clay
Clay loam less than 50% sand, and 20-30% clai

Sandy clay loam more than 50% sand, and 20-30% clay
Silty clay loam more than 50% silt and 20-30% clay

Clay less than 50% sand and 30-50% clay

‘Sandy clay more than 50% sand and 30-50% clay

Silty clay more than 50% silt and 30-50% clay _
Heavy clay more than 50% clay of predominantly 2 : 1 lattice type.

In practice in Southern Rhodesia, silty soils as defined do
not occur. The term "relatively silty" is used where the silt fraction
is significantly higher than normal. Where used, the terms "coarse-,
medium-, or fine-grained" refer to the nature of the sand fraction.

Word descriptions of colour refer to the dry soil and the
unsell notations for dry and moist soil, respectively,are given in
brackets unless otherwise stated.

The following abbreviations are used s~

ann rain = mean annual rainfall,
P.M.

veg.

parent material, and

vegetation.

Notes on Analytical Data

Analytical data refer to the fine earth fraction passing a
2 mm round-hole sieve and are expressed on an oven-dry basis. Where
given,; the percentage gravel = gravel x 100, The methods of
gravel + soil '
analysis employed are outlined below and abbreviations used in the
" tables are also indicated.

Mechanical analysis

Hydrometer method, soil dispersed with sodium
hexametaphosphate reagents sedimentation times of 5
minutes for silt + clay reading, and 5 hours for clay
rcading; coarse and medium sand fractions separated
by sieving, fine sand calculated by difference.
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'pH (sat)
pH (1 ¢ 5)
Cond.(sat)

Cond»(1 s 5)

TEB

CEC

frce CO"3.

Ca, Mg, K, Na

BS

B/C value

ESP

/s cations
and anions

Org. C%

T.N.%

84.

Particle sizes are 3-

Coarse sand (C.s.) 2.0 - 0.5 mm Silt 0.02 - 0.002 mm
Medium sand (M.S.) 0.5 - 0.2 mm Clay less than .002 mm
Fine sand (F.S.) 0.2 - 0.02 mm.

Deternined in the saturated paste.
Determined ina 1 ¢ 5 soil/water suspension (old method).

Electrical conductivity in millimhos/cm of the
saturation extract.

Electrical conductivity in millimhos/cm of a 1 : 5
soil/water suspension (old method).

Total exchangeable bases (or total extractable bases
in base saturated soils) in milligram equivalents per
cent. Obtained in most instances by summation of
exchangeable metal cations determined in N ammonium
acetate (pH 7) extract, following N/2 acetic acid
treatment in the case of base saturated soils, as
described by Thompson (9). Where no individual
exchangeable cations are given, TEB was determined by
the method of Bray and Wilhite (1).

Cation exchange capacity in milligram equivalents per

"~ 100 grams of soil. Determined by removal of ammonium

ions by distillation (2) following extraction with N
ammonium acetetate pH7 and washing with 96% ethyl
alcohol. i

- Free carbonates in milligram equivalents per cent,

obtained by difference between total extractable bases
and cation exchange capacity. In rare cases when the
goile contain sulphates and chlorides the free
carbonate figure will include water soluble cations.

Exchangeable cations expressed in milligram equivalents
per cent. Determined in N ammonium acetate ?pH?)
extract. Unless otherwise stated Na is corrected for
water soluble Na determined in the saturation or 1 ¢ §
extracts, but in base saturated soils Ca and Mg

include free carbonates as defined above.

Percentage base saturation, i.e., 100 x TEB/CEC

Cation exchange capacity in milligram equivalents per
100 grams of clay. Since organic matter is not
destroyed, this value is significant only in sub-soil
horizons. It is also not accurate in the case of
sub~goils with very low clay content.

Exchangeable sodium percentage, i.e.,
100 (Exch Na - w/s Na)/CEC.

Water soluble cations and anions, where given, are
expressed in milligram equivalents per cent or in
milligram equivalents per litre of the saturation
extract. '

Walkley-Black values, determined by the method
described by Piper (4), expressed as a percentage.

Total nitrogen by a macro Kjeldahl method expressed
as a percentage.



Available
P205 ppm

Mineral N
ppm

Available phosphorus pentoxide, where given, by anion-
exchange resin extraction by the method of Saunder and
Metelerkamp (6), expressed in parts per million.

Mineral nitrogen (nitrate + ammonia), before and after
incubation, where given, by method of Saunder, Ellis
and Hall (5), expressed as parts per million.
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SOIL DESCRIPTIONS AND ANALYTICAL DATA

REGOSOL

Profile 1. Nyamandhlovu K.1 series, examined August 1958. Soil
‘ dry throughout profile.

Site T T e == " Gently undulating country

near Chirundu in Zambezi Valley.

Ann. Rain Approx. 20 inches (510 mm)
Veg. Short Combretum spp. and Terminalia spp.
P.M. ‘ Triassic sands.

Descrigtion

o-T" Brown (1OYR4/3, 3/3) fine-grained sand. Changes very .
gradually to s- .

712" Brown (7.5YR4/3, 3/3) similar sand. Chahges very
gradually to :-

12-29" Reddish brown (5YR4/4, 3/4) similar sand. Changes
very gradually to -

29-45" Yellowish red (5YR4/6,. 3/6 similar sand. Changes

very gradually to :-
45-61" Yollowish red (5YR4/8, 3/8) similar sand.

Analytical data

Depth (inches) 0O-7 15-21 33-39 . 48-54
Ce5.% 1 1 1 1
MoSo% 14 13 13 16
F.S5.% ' 78 80 80 16
Silt % 3 trace 1 1
Clay % 4 6 5 6
pH (1 3 5) 5.7 5.0 5.2 5.4
TEB , 2.6 0.4 0.5 0.7
CEC 4.9 2.9 2.7 2.8
BS - 53 14 18 25
E/C value’ 122 48 54 47
Remarks Under a hand lens no weatherable minerals could be detected

in any horizon. The clay fraction was not examined, but
D.T.A. of the clay fraction of a very similar soil
occurring under somewhat lower rainfall in the Nyamandhlovu
arca showed mainly 2 : 1 lattice clays (mainly illitic)

and a little kaolinite.



Profile 2

Description
0_611

615"

Analytical data

Depth (inches)

c.s,g
I‘-Ic So 0
F.S.%
Silt %
Clay %
. pH (sat)
TEB

CEC

Ca

g

X

B.S

E/C value

Remarks

Profile 3
Site

Amm. Rain

Veg.

P.M,

Description
0_5 1"

87.

LITHOSOLS

Triangle P.O serics, examined September 1962.
Soil dry throughout profile.

.

e On break of slope in
moderately undulating country near Triangle Sugar Estates.

Approx. 18 inches (455 mm)

Scattered stunted Colophospermum mopane and Combretum

apiculatum.

Prom highly siliceocus gneiss formation striking east-west.,

Yellowish brown (10YR5/4, 3/4), soft structureless fine
to medium~-grained sand. Some sub-rounded quartz gravel
and pebbles. Changes fairly abruptly to :

Hard, relatively little-weathered, pale gneiss.

o .
I\)SO-A—x.bM\n W

The country in which the profile was sited is underlain
by gneisses which differ widely in chemical composition
and mineralogy. They were formerly called paragneisses.
The soils derived from the more basic gneisses are
generally deeper and heavier-textured.

Matopos E.O series, examined May 1953.
Soil slightly moist.

N

Research Station.

On gentle slope, at Matopos

Approx. 20 inches (510 mm)

Scattered Acacia s ., occasional Sclerocarya caffra.
Dominant grass is Heteropogon contortus.

From epidiorite (a metamorphosed basalt).

Dark reddish brown (5YR3/4, 3/2) clay. Slightly bard
consistencc, feeble subangular macro-structure; fairly
pronounced medium crumb to granular micro-structure.
Changesgradually to s




5-9"

9~16"

16-30"

Analytical data

Depth (inches)

CoS. + M.S.%
F.S.%
Silt %
Clay %

pH (1 2 5)

TR

CEC ,
1"

free CO 3

Ca

Mg

K

Na#*

BS

E/C value

Similar (5YR3/3, 3/3) clay with similar structure.
Fairly numerous sub-rounded quartz pebbles. Changes
clearly to s-

Sub-rounded quartz pebbles fairly loosely packed.
Very little soil-like material. Some weathering
epidiorite fragments mainly towards 16 inches.
Changes clearly to -

Variably weathered epidiorite. Soft and reddish-orange
with numerous black ferromanganese stains where well-
weathered (mainly in upper part), hard and pale green
where little weathered (mainly in lower part).

0-4 6-9
6 4
28 19
29 26
37 51
701 7'0
29.6 33.4
28.9 32.8
0.7 0.6
17.7 19.3
11.2 13,7
0.6 0.2
0.1 0.2
100 100 .
78 64

* Not corrected for water-soluble sodium.

Remarks

No investigation of the clay fraction was made.

88, -
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d
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Description
O_1n/3n

1n/3n_1on

10~-32"

30-41"

41-56"

89,

VERTISOLS

Chisumbanje B1 series, examined December 1956.
The upper part of the solum was very moist due to heavy

rain prior to examination.
- - On flat topography to east of

‘L -

Sabi river near Chisumbanje in cleared but not cultivated
land. Slight gilgai micro-relief,

Approx. 18 inches (405 mm)

Thick grass, mainly Urochloa, on micro-knolls but
generally bare in micro-depressions.

From basalt.

Variable depth, dark grey (N2/0 moist) heavy clay.

Very moist, very friable in situ but true consistence
is very firm. Very fine granular micro-structure
discernible even in the moist state, but the wide
vertical cracks,; normally evident in the dry state,
have closed up. In spite of moisture status soil mess
takes up water readily. Some isolated very small hard
carbonate concretions. Numerous roots. Changes
irregularly and very indistinctly to :-

Very dark grey (N2/0 moist) heavy clay. Very moist.
Similar in every way to horizon abave but some of the
larger granules show slickenslide surfaces. Some small
hard carbonate concretions.” Numerous roots. Changes
fairly sharply to :-

Very dark grey (NZ/O moist) heavy clay. Slightly moist.
This horizon consists of huge blocks up to 12 inches
acrogs separated by 2 to 3 inch wide vertical cracks.

The blocks themselves have a moderate angular blocky
structure which is irregular owing to internal movements.
Intersecting slickenslides are prominent. Some hard
carbonate concretions up to 4 inch diameter; and some
isolatcd quartz and agate pebbles. Dry consistence is
very hard and the soil mass takes up watcr slowly swelling
visibly in the process. Fairly numerous roots which, in
the vicinity of the wide cracks, have been broken and
torn apart by shrinkage on drying out. Changes fairly
distinctly to :-

Black (N2/0 moist) heavy clay. Slightly moist becoming
moderately moist with depth. Irregular, moderate
angular blocky structure. Pronounced intersecting
slickenslides. Vertical cracks narrow rapidly to not
more than 1/10th inch wide. Consistence, because of
the moisture status, is somewhere between very hard and
extremely firm. Soil mass takes up water very slowly,
swelling in the process. - Fairly numerous small
carbonate concretions becoming more numerous with depth.
Fairly numerous roots. Changes distinctly to :-

Highly calcareous gravelly weathering basalt. Numerous
large hard carbonate concretions in addition to soft
powdery free carbonate. Several tongues and thin
stringers of black clay occur mainly in the first 2-3
inches of this horizon. General colour is light
yellowish grey. Isolated fine roots.



Analytical data

Depth (inches) 0-7
C.5.% : 2
M.S.% 2
F.s.% 8
Silt % 12
Clay % 76
pH (sat) 7.3
Cond (sat) 0.48
TEB 100.7
CEC 65.5
frece CO”3 35.2
Ca : 6600
Mg : 34.7
X 2.1
Na* 0.7
BS 100
E/C value 86
ESP 3

12-18

2
1
10
10

11

704
0044
102.1
65.1
37.0

65.6

36.5

2.0

1.2
100
85
3

23-30

2
1
8
11

18

7.4
0.47
102.0
67.8
34.2

64,2

37.8
2.0
260

100

87

3

* Not corrected for water soluble sodium.

Additional data

90a
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Fach so0il sample was split and half sent to the United
States Salinity Laboratory, Riverside, California, while

Mr. B.D. Soane, a staff member of this Branch, was in

the United States of America on a scholarship training
programme, and the following additional data were made
The methods used are indicated in square

brackets and are described in the United States

available.

Salinity Laboratory Manual (10).

Depth (inches) 0-4

Moisture Retention %
30 % atmosphere 64
31/ 15 atmospheres 43

Hydraulic cond. (cm/hr)

34b/ Initial 1.4

34b/ Final 1.0
Surface area;ﬁmz/gml

257 Total 587

External 224

7/ Air water 998

permeability ratio

12-18

64
44

- O
. 8 e
[@ANe]

557
250
1119

23-30

66
44

not
done

1591

34~40

68
48

567
260

1593

According to D,T.A. and X-ray data the clay fraction
“at the 23-30 inch level consists practically entirely
of montmorillonite.

Remarks

At the Chisumbanje Experiment Station these soils have
been irrigated for over 10 years.

Although they

present difficulties in management, a variety of crops
has been grown and a high level of productivity has

been maintained.

In this area the vertisols have

an appreciably greater depth of relatively permeable,
loose, granular-gtructured surface material than those
occurring in areas,under higher rainfall conditions
where such soils are normally much denser throughout
and take up water much less readily.
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Description

0-14"

1%,_7n

7-19"

- 19-31"

31-36"

36-56"

910-

Birchenough E.1 series, examined August 1954.
Soil dry or nearly so throughout profile.

|
T 0 flat topography on

Devuli ranch about 1 mile from Sabi River approximately
6 miles below Sabi-Devuli confluence. Pronounced -
gilgai micro-rcliefs numerous, mainly round, dolerite
stones and small boulders brought to surface by self~
churning process.

Approx. 17 inches (405 mm)

Short scrub of Colophospermum mopane and Combretum spp.

From dolerite, with some colluvial influence off adjacent
limestones of the Umkondo system.

aQ
Reddish brown (5YR4/4, 3/4) clay. Loose granular
material, but the granules themselves are hard. Takes
up water very readily, swelling in the process. Some
wide vertical cracks up to % inch wide. Although no
discrete carbonate concretions can be seen, the material
is calcarcous. Numerous roots. Changes clearly to s~

Dark reddish brown (5YR3/4, 3/3) clay. Very hard
consistence. This horizon consists of elongated blocks
separated by vertical cracks up to % inch wide, giving
the appearance of a coarse prismatic structure but the
blocks themselves have a strong but irregular medium
angular blocky structure. A few large rounded dolerite
stones rest on the elongated blocks and are in the
process of being brought to the surface from below.

A few poorly defined slickenslide surfaces are discernible.
Takes up water fairly readily, swelling in the process.
Calcareous as above, fairly numerous roots. - Changes
gradually to :-

Dark reddish brown (about 4YR3/4, 3/4) heavy clay.
Similar to horizon above, but the vertical cracks are
wider (up to 1 inch) and they contain granular material
and some larger peds which have fallen in from the over—
lying horizons. Fairly numerous well-developed
slickenslides. Calcareous as above, fairly numerous
roots, many of the. finer ones torn apart. Changes
gradually to s-

Dark reddish brown (about 4YR3/4, 4/4) heavy clay.

Very slightly moist becoming slightly moist with depth,
Similar to horizon above but cracks become narrower with
depth due to increase in moisture content. Well
developed intersecting slickenslides. Some discrete
carbonate concretions near 31 inches. A few roots,
Changss clearly to -

Mainly orange weathering dolerite gravel impregnated
with soil-like material similar to that above. A few
carbonate concretions and soft filamentous deposits.
Changes fairly clearly to &~

Dolerite which is weathering spheroidally, varying in
colour from orange to yellowish grcen, with numerous
hard unweathered cores. Numerous carbonate concretions
and soft deposits.



Analytical data

Depth (inches)

M.S. + C-So%
F.S.%

Silt %

Clay %

pH (1 ¢ 5)

Cond (1 : 5)
- TEB

cEe

free CO"3

BS

E/C value
ESP

W/S Na

Remarks

Profile 6

Ann, Rain

g

6Mo

Doscription
0-5"

5_16n

92.

0-1 2-6 8-17 21-29
11 10 11 8
27 22 19 20
20 19 15 14
42 ' 49 55 58
8.5 8.7 8.8 8.9
0.14 0.12 0.17 0.24
82.7 144.6 165.6 180, 7
45.2 50.7 50.5 52.4
37.5 93.9 1151 128.3
68.6 128.0 147.2 158.4
10.9 15.2 16.8 19.1
0.2 0.2 0,7 2.3
3.0 1.2 0.9 0.9
100 100 100 100
108 103 92 90
<1 <1 1 4
- - trace trace

The round surface stones undoubtedly originated from
hard unweathered cores similar to those found in the
spercidally weathering dolerite. The red colour of the
soil is very unusual and, unfortunately, at the time of
examination and laboratory analysis no facilities for
investigating the nature of the clay fraction were
available. Reddish-coloured vertisols occur only to a
very limited extent in Rhodesia, the only known examples
being confined to the Sabi and Zambezi Valleys.

Selous X.I series, examined January 1963.
Soil moist throughout profile due to rains.

‘“‘\\\‘*”4_}LL~«»“"’rﬂ\“ On very slight slope on

eastern side of Great Dyke near Selous. Numerous
unweathered somewhat heterogeneous basic or ultrabasic
surface stones, which although irregular in shape, are
sub-rounded.

Approx. 33 inches (840 mm)

Mainly open grassland with some scattered Diplorhynchus
condylocarpon.

From ultrabasic rocks of the Great Dyke.

Very dark grey (N 3/0, 2/0) heavy clay. Top half inch
dry. Below this slightly moist becoming moist with
depth. Very hard consistence, becoming extremely firm
with depth. Weakly developed coarse angular blocky
structure. In some parts there is about a % inch
surface layer of loosely packed, hard granules. The
dry surface peds take up water very slowly. Numerous
roots. Changes gradually to t-

Black (N2/0 moist) heavy clay. Moist, extremely firm
consistence. The drying surface shows angular blocky
cracking but a fine to medium granular micro-structure is
pasily discernible. A few small slickenslides are
evident near 16 inches. Takes up water slowly.

. Numerous roots. Changes very gradually to :—



16-34"

34-50"

Analytical data

Depth (inches)

C.S.%
M.S.%
F.S.%
Silt %
Clay%

pH (sat)
Cond (sat)
TEB

CIC

free CO"3

Ca
Mg
K
BS
EMC value

Remarks

Ann. Rain

Veg9

PBMO

Description
0-8"

93.

Black (N2/0 moist) heavy clay. Moist, very similar
horizon except that there are numerous very well
developed intersecting slickenslides. Numerous fine
roots. Changes fairly abruptly to :-

Weathering rock, mainly soft ranging in colour from
orange to yellowish green. Some tongues of clay
similar to above horizon, and some soft greyish white
carbonate deposits. Occasional fine roots.

0-~5 T-13- 22-28

1 2 2
4 3 2
23 18 17
15 10. 11
57 67 68
600 603 6.5
0.18 0.24 0.23
64.6 14.7 4.7
65.9 3.7 72.6
nil 1,0 2.1
10.8 11.9 121
53.6 62.7 62.3
0.2 0.1 0.1
98 100 100
16 - 110 107

The clay fraction consists practically entirely of
montmorillonite. The differential thermal analysis
diagram (from the 22-28 inch level) is practically
identical to that obtained on the sample taken from
Profile 4. In this section of the Great Dyke the
vertisols often occur in association with red fersiallitic
clays for reasons that are not always clearly apparent,

‘although it is thought that in some instances differences

in calcium/magnesium ratio and in the physical nature of
the underlying rock strata are important.

Siabuwa 2.1 series, examined June 1956.
Soil slightly moist becoming moist with depth.

L

~~~"0n relatively level topography
in partially cleared land at Siabuwa. Moderate gilgai
micro-relief.

Approx. 25 inches (635 mm)

Most of the trees left standing are Colophospermum mopane
and an occasional Combretum sSpp.

From Madumabisa shale (frequently. coal-bearing and often
containing appreciable quantities of .gypsum).

Dark grey (10YR4/1, 2/1) clay. Very slightly moist.
Pronounced medium to coarse granular structure in top
inch or so, fine to medium angular blocky below.

Some 3" wide vertical cracks. Takes up water readily,
swelling in process. Numerous roots. Changes fairly
sharply to :-



8-19"

19-29"

29-52"

Analytical data

Depth (inches)

c.s.ZZ
M.S.
F.S5.%
Silt %
Clay %

pH (1 3 5)
Cond (1 :

TEB

CEC

free CO"3

Na
BS
E/C value
ESP

W/S Na
W/S Ca
W/s 50,

Vi/s HCO'

5)

3

Remarks

944

Dark greyish brown (2.5Y4/2 moist) heavy clay. Slightly
moist. Very hard consistence, coarse angular blocky
structure tending towards prismatic. Some slickenslides.,
Numerous small carbonate concretions. Takes up water
fairly slowly, swelling in process. Fairly numerous
roots., Changes gradually to :-

Olive (5Y5/3 moist) heavy clay. Moderately moist.
Consistence between very hard and extremely firm.
angular blocky cracking, somewhat irregular. Some
pronounced slickenslides. Numerous small carbonate
concretions. Some darker (10YR2/1 to 2.5Y4/2) patches,
presumably material from overlying horizons. Takes up
water extremely slowly. Few roots. Changes almost
imperceptibly to :-~

Strong

Olive (5Y5/3 moist) heavy clay. Consistence as above.
Weak angular blocky cracking. Some weakly developed
slickenslides. Numerous small carbonate concretions.
Some darker (5Y4/2) mottles. Takes up water extremely

slowly. Occasional fine roots.
0-6 10-~16 20-26 36-42
9 4 4 no mech,
15 5 3 anal. due
10 14 ‘ 15 to flocculation
28 23 , 1
38 54 70
8.4 8.5 7.8 7.8
0.15 0.19 2.8 3.0
37.0 160.0 151.0 91.0
28.4 32.6 31.1 28.8
8.6 127.4 120.0 62,2
-— -~ 0.1 005
100 100 100 100
15 60 44 -
- - 1 2
- - 0.3 0.4
- - 13.4 14.0
- - 13.6 13'6
- - 0.5 0.4

The mechanical analysis of these samples is suspect due
to partial flocculation which may have been brought about
by the presence of CaSOd.

Water soluble cations and anions are expressed in m.e.%.
The electrical conductivity and the water soluble salt
analysis were done by a method that is now obsolete,
using a 1 ¢ 5 soil/water ratio. The main salt in the
extract is gypsum and the presence of this in- the soil
interferes badly with determinations of exchangeable
sodium by the method described by Piper (3). The
exchangeable sodium percentages given are therefore v
probably low. Total extractable bases were done by the
method of Bray and Wilhite (1), which is also now no
longer used in this laboratory. The result is, therefore,

‘inevitably low since sulphates (and chlorides, when present)

are not measured by this method.

No investigation of the separated clay fraction was made.



Profile 8

Descrigtion
o_7tr

7-18"

18-31"

STALLITIC SOILS

Tuli L.1 series, examined May 1962. Soil dry throughout
profile.

e W

——M.__ ,—In cultivated land on lower
slope in gently undulating country in the Tuli area.

Approx. 14 inches (355 mm)

Vegetation surrounding cultivated land consists mainly
of short Colophospermum mopane and Combretum spp.

Highly calcareous material frequently formed on lower
slopes in areas of low rainfall where the country rock
(usually basic gneisses) is relatively rich in calcium-
releasing weatherable minerals.

Dark greyish brown (10YR4/2, 3/2) structureless fine
to medium~grained loamy sand. Soft consistence.
Calcareous but without visible carbonate deposits.
Changes gradually to :-

Dark brown (10YR4/3, 3/2) similar loamy sand. Soft
consistence,; calcareous. Some soft fialmentous
carbonate deposits and some small hard concretions
that have ‘4 finely crystalline appearance. Fairly
numerous roots. Changes fairly sharply to i-

Pale brown (10YR6/3, 5/3) sandy loam. Soft consistence.
As a whole this horizon appears in the field to be
composed mainly of soft carbonate deposit together with

- numerous hard concretions that have a finely crystalline

31-50"

Analytical data

Depth (inches)

Gravel %
CeSo%
M.S.%
F.S.%
Silt %
Clay %

pH (sat)
Cond (sat)
TEB
CEC
free CO"

Ca

Mg

K

"Nax

BS

E/C value
ESP

3

appearance. Few roots. Changes fairly sharply to :-

- Fairly soft weathering greenish gneissic rock, becoming

harder with depth. Calcareous in upper parts, with
some deposits extending to depth down joints. The
harder, relatively unweathered rock is not calcareous
(no effervescence with HCl). Occasional roots mainly
in upper part. '

0-5 10-16 22-28
5.1 13.7 20.2
23 17 11
15 18 15
47 46 . 44
6 6 10
9 13 20
706 704 7'7
0.44 0.80 0.48
22.4 34.8 271.6
11,0 12.5 13.0
1.4 22.3 258.6
19.0 31,5 , 2572
2.5 - 2.5 13.5
0.6 0.5 0.3
0.3 0.2 0.6
100 100 100
122 96 65
3 2 5

¥ Not corrected for water soluble sodium.




Remarks

Profile 9
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Ann, Rain
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M.

Description
0-5"

512"

12-21"

21-32"

Analxjical data

Depth (inches)

C.Su%

Ml So%
F.S.%
Silt %
Clay %
pH (sat)
Cond (sat)
TEB

CiC

Ca

Mg

K

BS

E/C value

Remarks

96,

Most of the hard carbonate concretions were retained

in the gravel fraction.

The percentage gravel is a

measure of the hard concretionary carbonate in the
subsoil horizons.

No examination of the clay fraction was made.

Matopos E.!1 series, examined May 1962.

throughout profile.
{

\1/ /’/

et e o e et o 9 =

ot e ki

south-west of Bulawayo.

Approx. 23 inches (585 mm)

Soil dry

On about 1% slope about 4 miles

Short scrub Acacia spp., thick grass cover, mainly
Heteropogon contortus.

From epidiorite.

Dark reddish brown (5YR4/3, 3/3) heavy clay.

consistence.
structure.
to s--

Red (2.5YR4/6, 3/6) heavy clay.

Soft

Moderate coarse crumb to granular

Very numerous roots.

Changes gradually

Soft consistence.

Moderate medium sub-angular blocky macro-structure,
moderate medium crumb to granular micro-structure.

Numerous black ferro-manganese stains.

Changes gradually to s~

Numerous roots.

Red (2.5YRa/6, 3/6) very similar horizon with some
fragments of very weathered epidiorite, increasing with

depth.
sharply to s~

Weathering epidiorite, mainly soft.

6-1

1

2
1
23
63

5.
Ou1
315
35.
17.
14,
O.
88

56

?
Y

w

N
VIOWOWMWOW DN
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© o e o
(0,8
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[exNe]
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Fairly numerous roots.

2 14-20
1
2
12
26
59
7 5.9
6 0.13
4 33.2
5 34.3
1 18.3
2 14.8
1 0.1
917
59

Changes fairly

Few roots.

The clay fraction at the 14-20 inch level consists _
mainly of illite-montmorilloroid mixed layer minerals,
together with some kaolinite.




g;ofile 10

Arn, Rain

3

P.M.
Description
0_5"

5-121

12-22"

22-36"

36-44"

Analytical data
Depth (inches)

CQSO%
M.5.%
F.Se%
Silt%
Clay%

pH (sat)
Cond (sat)
TEB
CEC
free CO"

Ca

Mg

K

Na

BS

E/C value
ESP

3

- A few roots.

Tuli P.2 series, examined May 1962. Soil moist
throughout profile due to pit being flooded with
water three weeks earlier. Profile cleaned up
prior to examination.

~ |

T Nz In very flat area subject to
run-off in the Tuli area.

Approx. 14 inches (355 mm)

Woodland consisting entirely of Colophospermum mopane.

N oot
i o

From fairly basic gneiss.

Very dark greyish brown (10YR3/2 moist) medium to coarse

grained sandy loam. Friable consistence. Numerous
o0t 3. Changes gradually to :-

Similar (10YR3/2 moist) sandy clay loam. Friable to
firm consistence. Fairly numerous roots. Changes

clearly to :-

Dark yellowish brown (10YR3/4 moist) sandy clay. Firm
consiztence, some coarse angular blocky cracking with
prismatic tendency beginning to develop on drying.

Some diffuse yellowisk brown (10YR5/6 moist) mottling.
Changes very gradually to :-

Very similar (10YR3/4 moist) horizon but very isolated
hard carbonate concretions. Changes gradually to s-

Dark yellowish brown (10YR4/4 moist) sandy clay. Firm
to friable consistence. Some scattered hard carbonate
concrestions.  Numerous sub-rounded quartz stones and
pebbies, which are coated with carbonate; occur on the
£loor of the pit. Inmediately below these (about 2"
dowm) weathering gneiss commences.

0-5 14-20 36-42.
24 19 14
22 12 15
32 20 26
11 5 12
11 44 33
5.8 6.7 7-8
0.35 0.16 0.50
2.0 23.7 22.8
9.4 24.3 22.0
nil nil 0.8
57 1.7 15.9
2»3 900 402
0.6 2.0 1.6
0.4 1.0 1e1
95 98 100
86 55 67
4 4 5

97.



Remarks

Profile 11

Site

Ann. Rain

Veg.
P, M,

Description
0-6"
6-14"

14-24"

24~45"

Analytical data

Depth (inches)

CoSo%
M.S.%
P.8.%
Silt %
Clay %
pH (sat)
Cond (sat)
TZB

CEC

free CO"3

Ca

Mg

K

BS

E/C value

98.

The'clay fraction at the 36-42 inch level appears to
consist practically entirely of poorly crystalline
illite-montmorillonoid mixed layer minerals.

When dry the subsoils are generally very hard and dense.

A hydraulic conductivity measurement, made in situ
at the 12 inch level, gave a result of 0.02 inches per

hour over a 24 hour period.

The apparatus used is an

automatic-recording one which has an outer guard ring

in addition to the inner infiltrometer ring.

The

constant head of free water above the soil is adjusted

to between 1 and 1} inches.

The apparatus was designed

and tested by the writer and Mr, A. du Toit of this

Department.

Triangle P.1 series, examined in May 1962.

throughout profile.
""*'-\}.L
““\-————/’-‘—\\_———/—\

Soil dry

On gentle slope in slightly

undulating country in the Tuli area.

Approx. 14 inches (355 mm)

Colophospermum mopane scrub.

Some Grewia bicolor.

From intermediate to fairly basic gneiss.

Dark brown (7.5YR4/2, 3/2) fine to medium grained

structureless sandy loam.
Numerous roots.

Reddish brown (5YR5/3, 3/4) similar sandy loam.
Numerous roots.

oonsistence.

Reddish brown (5YR4/3, 3/3) sandy clay loam.
Very feeble coarse sub-angular

very hard consistence.
locky structure.
fairly sharply to s-

Fairly numerous roots.

Slightly hard consistence,
Changes gradually to s-

Hard
Changes gradually to :—

Hard to

Changes

Weathering gneiss with a little quartz gravel near 24

inches.

deposits, probably of illuvial origin.

Fairly numerous soft filamentous carbonate

Where the

weathering rock is fairly hard it does not effervesce

with HC1. Occasional fine roots.
0-6 8-14 16-22
17 15 15
24 22 22
39 39 36
9 7 5
11 17 22
6.2 6.7 6.8
0.18 0.30 0.20
10.7 16.6 16.0
11.3 14.9 14.9
nil 1.7 1e1
8.0 13.2 12.8
201 3.0 2.8
0.6 0.4 0.4
95 100 100
103 88 68
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Remarks
Profile 12

Site

[ )

Ann, Rain

SLe

3

P.M.

Description
o-T"

7=20"
20-26"

26_35n

Analytical data

Depth (inches)

CeSe%
MeSe%
F.8.%
Silt %
Clay %

pH (sat)
Cond (sat)
TEB

CEC

Ca

Mg

K

Na*

BS

E/C value
ESP

99.

No examination of the clay fraction was made.
Tuli P.1 series, examined in May 1962.

— On crest in moderately undulating
country near Tuli. ’ :

Approx. 14 inches (355 mm) -

Scattered short Combretum apiculatum, a few Grewia
bicolor, and a very few Colophospermum mopane.

From siliceous or acid gneiss.

Yellowish brown (10YR5/4, 3/4) structureless medium
grained sand. Soft consistence. Some gravel
consisting partly of weathering gneiss fragments.,
Numerous roots. Changes gradually to :-

Brown (7.5YR4/4, 3/4) similar sand with somewhat more
gravel as above. Numerous roots. Changes fairly
abruptly to s~

Mainly sub-rounded quartz pebbles and gravel, loosely
held. Some diffuse yellow lateritic mottling. Fairly
NUMEToUsS TI'o0tS. Changes fairly sharply to :—

Moderately hard pale weathering gneiss. Few roots.

0-6 12-18
22 21
32 31
36 36

5 4

5 8
5.7 5.6
0.12 0.10
4.0 4.0
406 4o
2.1 1.5
1.0 1.5
0.9 0.7

hand 003
85 87
94 58

- T

* Not corrected for water soluble sodium,

Remarks

gzgfile 13

Site

Arm, Rain

No examination of the clay fraction was made.

Sabi U.1 series, examined April, 1962. Upper
horizons moist due to rain.

__,,-—~—J‘~*\\v,,___ﬂf On high ground in very nearly

flat topography just south of Mopani Block of Sabi
Valley Experiment Station, about 2 miles east of Sabi
river,

Approx. 17 inches (405 mm)



100.

Veg. Tall Colophospermum mopane woodland, Sparse grass
covers '
P.M, Granitic alluvium.

Description

o7 Very dark greyish brown (1OYRB/2 moist) coarse-grained
' sandy loam. Moist, friable consistence. No structure.
Very numerous roots. Changes gradually to -

7-15" Greyish brown (10YR5/2, 4/2) similar sandy loam.  Slightly
moist in upper part. Slightly hard consistence,
structureless. Very numerous roots. Changes clearly
to &~

15--20" Dark brown (about 8YR4/3, 3/4) sandy loam at first,
becoming sandy clay loam with depth. Dry. Hard
consigtence becoming very hard with depth.  Numerous
roots. As a whole this horizon is intermediate in
character between horizons 2 and 4., Changes clearly
to &=

20-44" Dark brown (7.5YR3/4, 3/4) coarse grained sandy clay.
Dry. Very hard consistence., Massive. Numerous
roots. Changes fairly clearly to :-

44~70" Yellowish brown (10YR5/4, 7.5YR4/4) coarse to medium
grained calcareous sandy clay loam. Dry. Very hard
consistence at first, becoming hard with depth.
Structureless. Numerous soft, mainly filamentous,
carbonate deposits. Fairly numerous diffuse black
ferro~-manganese stains and some variegated brown and
yellowish brown discolorations.

Analytical data

Depth (inches) 0-5 7-13 20-26 55-61

CoSe% 35 35 32 26
M.S.% 18 17 13 13
F.S.% 24 23 16 26
Silt % 13 13 8 22
Clay % 10 12 31 137
pH (sat) 6.6 6.7 6.5 7.8
: Cond (sat) 0¢34 0.51 0.50 0.57
! TEB 8,2 6.1 11.0 70.8
, CIC 7.9 7o 12,5 13.8
free CO"3 0.3 nil nil 57.0
l Ca 5‘7 . 305 6.8 6103
Mg 2.0 2.0 3.2 - 8.7
‘ K 0.5 0.6 0.5 0.3
l : Na* - - 0.5 0.5
| BS 100 86 88 100
E/C value 79 59 40 1067
ESP - - 4 4

* Not corrected for water soluble sodium.

Additional data

Composite topsoil samples, O-T" were taken in the
virgin soil around profile 13 for carbon/nitrOgen
ratio and other determinations. Results were ¢
Organic carbon 0.70%;  total nitrogen 0.075%;
C/N ratio 9,33 available P,0 286 ppms  mineral
nitrogen (initial) 2 ppms migeral nitrogen (after
incubation) 20 pPM. - HANDBIBLIOTHEEK

Bodemirunae seologle

on Ehnersogie

WAGEMIMGER




Remarks

Profile 14

Site

Ann, Rain

Veg.

PoM,

Description
0_411

4=
17"

17-36"
36-44"

Analytical data

Depth (inches)

C.5.%
M,S.%
Fo.so%
Silt %
Clay %

pH (sat)
Cond (sat)
TEB

CEC .
free CO"3

Ca

Mg

X

Na*

BS

E/C value
ESP

101,

The clay fraction at the 20-26 inch level consists
mainly of illite with a little kaolinite. The
mechanical analysis at the 55-61 inch level is suspect
owing to probable partial flocculation of the clay
fraction., A hydravlic conductivity measurement (see
Remarks — Profile 10) made in situ at the 20 inch level
gave a result of 0,27 inches per hour over a 24 hour
period.

Sabi U.2 series, examined April 1962. Upper horizons
moist due to rain.

NP

e e

. On relatively low lying
ground in very nearly flat topography just south of
Mopani Block of Sabi Valley Experiment Station.
About 360 yards east of Profile 13.

Approx. 17 inches (405 mm)
Colophospermum mopane woodland which is shorter and less

evenly spaced than at Profile 13. Some very young
mopani thickets. Extremely sparse grass cover, mainly

tufted Aristida EP.

Granitic alluvium,

Brown (10YR5/3, 3/3) medium-grained sandy loam. Moist.
Friable consistence, structureless, Very numerous
roots. Changes fairly sharply to s-

Greyish brown (1OYR5/2, 3/2) medium-grained sandy clay.
Slightly moist. Hard consistence when dry. Structure-
less. Very numerous roots, Changes fairly clearly to :-

Dark greyish brown (10YR4/2, 3/2) clay. Dry.
hard consistence, moderate coarse angular blocky
structure. Numerous roots., Changes gradually to :—

Very

Dark brown (about 9YR4/3, 4/3) similar clay. Feeble
coarse angular blocky structure. Fa irly numerous
roots. Changes gradually to s~

Brown (about 8YR4/3, 4/3) clay.
becoming hard with depth. Massive..
hard, carbonate concretions.

Very hard consistence
Isolated; mainly

0-4 10-16 19-27 37-42
24 16 19 19
17 10 12 10
23 17 17 18
21 13 12 11
15 44 40 42
6.1 6.5 6.9 7.6
0,30 0,31 0,32 0.38
12,9 22.2 20,2 30.8
11.8 22,2 18,6 1.7
1.1 nil 1.6 13.1
7.5 13,3 12,5 23.5
3.9 1.0 5.9 5.8
1,2 1.1 1,0 0.8
0.3 0.8 0.8 0.7
100 100 100 100
19 50 47 42
3 4 4 4

# Not corrected for water soluble sodium.



Additional data

Remarks

Profile 15

Site

Ann. Rain

Veg.

PQM.

Description

0”4"

4~12"

12-26"

26-48"

48~72n

102.

Composite surface samples O-T7" were taken in the virgin
area around profile 14 for carbon/nitrogen ratio and
other determinations. Results were :-

Organic carbon 0.76%;  total nitrogen 0.079%;

C/N ratio 9.63 available P,0. 355 ppm;  mineral
nitrogen (initial) 3 ppms ZiReral nitrogen (after
incubation) 16 ppm.

The clay fraction at the 19-27 inch level consiéts
very predominantly of mixed illite-montmorillonoid
mixed layer minerals.

Hydraulic conductivity measurements were made in situ
at the surface and at the 14 inch level. (see
Remarks, Profile 10). The surface measurement was
0.36 inches per hour over a 24-hour period and, at

the 14 inch level, the results were 0.03 inches per
hour over the first 24 hours and nil, or practically so,
over the following 24 hours.

Sabi C.1 series, examined May 1961. Topsoil

moderately moist due to rain, soil below slightly moist.

\ ’
\**~»mw-wwiiam~#« About 3 miles from base of hills

on about 1% slope in Sabi Valley about 7 miles north-east
of Sabi Valley Experiment Station.

Approx. 17 inches (405 mm)
Acacia~Euphorbia veld with thick grass cover mainly

Urochloa sp. Most of the Acacias are tall flat-topped
A. tortilis and most of the Euphorbias are E. ingens.

Colluvium originating from Umkondo sandstones and
limestones of the high range of hills to the East.

Brown (7.5YR4/4, 3/4) fine-grained sandy loam.
Moderately moist. Friable consistence, structureless.
Very numerous roots. Changes gradually to :~

Reddish brown (5YR4/4, 3/4) similar sandy clay loam.
Slightly moist. Hard consistence.  Feeble medium
sub-angular blocky structure. Very numerous roots.
Changes gradually to :-

Dark reddish brown (5YR3/4, 3/4) sandy clay. Slightly
moist, Hard to very hard consistence. Moderate
medium sub-angular blocky structure. Very numerous
roots. Changes clearly to - '

Yellowish red (5YR4/6, 4/6) sandy clay. Slightly

moist. Hard consistence, becoming slightly hard with
depth. Calcareous, numerous roots. Changes gradually
to s-

Strong brown (7.5YR4/6, 4/6) similar calcareous sandy
clay loam. Numerous roots.



Analytical data

Depth (inches)

C.S.%
.85
FoSe%
Silt %
Clay %

pH (sat)
Cond (sat)
TEB.

CEC

free CO"3

Ca

Mg

K

Na*

BS

E/C value
ESP

* Not corrected

Additional data

Remarks

Profile 16

Desgceription
0_3n

3_16n

6-10 13-19 30-36 60-66
9 8 8 8 8
13 10 9 9 12
44 40 37 38 41
17 14 13 6 19
17 28 33 39 20
6.4 6.8 6.9 7.9 7.9
0.64 0.29 0.29 0.43 0.66
10.3 13.7 15.9 73.5 64.3
12.2 " 16,1 17.1 16.3 14.8
nil nil nil 5742 49,1
6o 8.6 10.3 69.6 54.0
3.2 4.1 4,6 2.6 8.8
1.0 1.0 1.0 0.9 0.9
- - - 0.4 0.6
84 85 93 100 100
72 58 52 42 74

W
RN

for water soluble sodium.

Composite surface samples O-T" were taken in the virgin
area around Frofile 15 for carbon/nitrogen ratio and
other determinations. Results were :-

Organic carbon 0.79%;  total nitrogen 0.096%;

C/N ratio 8.25 available P,0 128 ppms  mineral
nitrogen (initial) 4 ppm; fiReral nitrogen (after
incubation) 22 ppm.

No examination of the clay fraction was made.

Sabi C.2 series, examined May 1962, Soil slightly

moist throughout profile.,

-\\“*‘iﬁ- e About 1% miles from base of

hills on very slight slope in Sabi Valley about 10 miles
north-east of Sabi Valley IExperiment Station.

————

Approx. 17 inches (405 mm)

Numerous large flat-topped Acacias, mainly A. tortilis.
Thick Urochloa grass cover.

Colluvium from high range of hills to the East. 1In

this part of the range, the hills are composed of Umkondo
sandstones and limestones in which numerous dolerite
dykes occur.,

Yellowish red (5YR4/6, about 4YR3/4) sandy clay loam.
Slightly hard consistence. Moderate medium granular

micro-structure. Very numerous roots. Changes
fairly clearly to -
Dark reddish brown (2.5YR3/4, 3/4) clay. Very hard

Moderate coarse angular blocky structure.
Changes gradually to :-

consistonce.
Very numerous roots.



16-30"

30-50"

50-66"

Analytical data

104.

Dark reddish brown -(2.5YR2/4, 2/4) clay. Hard
consistence. Feeble coarse angular blocky macro-
structure, moderate medium granular micro-structure.
Numerous roots. Changes clearly to &=

Dark reddish brown (2.5YR3/4, 3/4) clay. Hard
consistence becoming slightly hard with depth.

Very feeble coarse angular blocky macro-structure,
moderate medium granular micro-structure. Calcareous
with numerous fine filamentous soft carbonate deposits.
Numerous diffuse ferro-manganese staing and some small
concretions. Pairly numerous roots. Changes
gradually to :-

Red (2.5YR4/6, 3/4) sandy clay loam.  Slight hard
consistence. Structureless. Calcareous with
numerous soft filamentous carbonate deposits. Some
isolated ferro-manganese stains. Some colluvially-
borne weathering raock gravel some of which is basic

in appearance. Fairly numerous roots. Some rounded
stones and boulders appear at the bottom of the pit.
These boulders are mostly Umkondo quartzite but a

few appear to be dolerite.

Depth (inches)

C.S.%
MO Sl%
F.S.%
Silt ¢
Clay %

pH (sat)
Cond. (sat)
TEB

CEC _
free CO”3

Ca

Ng

K

Na¥*

BS

E/C value
ESP

* Not correcte

Remarks

0-3 7-13 19-25 35-41 54-61
16 15 14 14 18
14 " 10 11 11
33 24 25 26 24
15 12 13 17 19
22 38 38 32 28
6.3 6-4 6.9 7.7 708
0.42 0.21 0.24 0.34 0.55
11.8 18.7 21.6 48.8 €0.8
14.5 22.0 25.0 21,6 20.7
nil nil nil 27.2 40.1
T.4 12.2 15.4 41,0 48.2
3. 5.8 506 6.8 11-4
008 007 006 006 006
- - - 004 Oo6
81 85 86 100 100
66 58 66 68 14
- - - 2 3

d for water soluble sodium.

Te clay fraction at the 19-25 inch level consists
* very predominantly of illite-montmorillonoid mixed
layer minerals.



Profile 17

P.M,

Description
0-8"

8_25n

25_36n

36-47"

47-58"

58-66"

Analytical data

Depth (inches)

C's.%
M.S.%
FoS.%
Silt %
Clay %

pH (1 ¢ 5)
TEB
CEC
BS
E/C value

105.

FERSTALLITIC SOILS

Salisbury E.2 series, examined September 1956.
TOPSZil dry, remainder of solum slightly moist.

‘M—_~\~“”*m~w~—_\ww'0n level topography on
normael upland in Salisbury environs.

Approx. 33 inches (840 mm)

Tall Hyparrhenia grass. Original Brachystegia
sgpiciformis -~ Julbernardia globiflora trec vegetation
cleared years ago.

From epidiorite.

Dark reddish brown (5YR3/4, 3/3) clay. Hard
consistence. Well developed medium crumb structure.
Numerous roots. Changes gradually to :-

Dark reddish brown (2.5YR3/4 moist) clay. Hard
consistence.  Medium sub-angular blocky macro-
structure, fine crumb to granular micro-structure.

Shiny surfaces or clay coatings on peds visible to

naked eye. Numerous small ferro-manganese stains and
concretions. A few poresynumerous fine roots. Changes
almost imperceptibly to -

Very similar horizon in all respects except that sub-
angular blocky macro-structure and clay coatings on
peds are slightly less well-developed. Consistence
also, is slightly less hard and more pores are
apparent. Changes gradually to :~

Dark red (2.5YR3/6 moist) clay slightly hard consistence.
Weakly developed sub-angular blocky macro-structure,
fine crumb to granular micro-structure. Some ferro-
manganese stains and concretions. Numerous pores.
Changes very very gradually to :-

Very similar horizon with only very feeble sub-angular
blocky macro-structure. Clay coatings only
discernible in some old root channels., Numerous
porcs. Changes very gradually to -

Slightly brighter red (10R to 2.5YR3/6 moist) clay.
Little or no structure apart from fine crumb or
granular. MNumercus fragments of soft weathering
epicdiorite. Numerous pores.

0-7 9-15 17-24 27-34 38-45 48-56 59-65

3 2 3 3 3 2 2

4 3 2 2 2 1 1
15 8 8 6 8 9 16
21 17 19 25 24 26 30
47 70 68 64 63 62 51

601 6-3 605 6-7 605 605 606
13.1  12.8 14.2  12.1  12.5 16, 22.9
1.7 17.1  17.1 15,2 15.0  19.1 22.9
78 75 83 80 83 87 100
31 24 25 24 24 31 45



Remarks

Profile 18

w2
f
ct
o

A, Rain

3

I

M.

Description

O-4"

4=

17_36!!

106,

No examination of the clay fraction from this
particular profile has been made but later
examinations of similar soils nearby show a
predominance of kaolinite together with some illite~
montmorillonoid mixed layer minerals,  Although
exchangeable calcium and magnesium were not estimated
in this instance, numerous analyses on other soils of
this series show that the calcium/magnesium ratio
generally ranges from 2/1 to 3/1. A hydraulic
conductivity measurement (see Remarks, Profile 10)
made in situ at the 18" level gave a result of 0.6
inches per hour over a 24-hour period. Similar
measurements on very similar red fersiallitic clays
in the Salisbury area give results ranging from 0.5
to 1.0 inches per hour over 24-hour periods.

Darwendale X.1 series, examined July 1962.
Soil dry throughout profile.

On plateau remnant on top
of Great Dyke near Darwendale.  Numerous outcrops
of hard laterite, probably from earlier cycle of
erosion.

Approx. 33 inches (840 mm).

Scattered Diplorhynchus condylocarpon, Brachysteg;a
boehmii -and Julbernardia globiflora.

From ultrabasic rocks of Great Dyke, mainly mono-
mineralic enstatite, and lateritic conglomerate.

Dark reddish brown (about 4YR3/4, 3/4) clay loam.

Slightly hard to hard consistence. Feeble sub-
angular blocky macro-structure, medium crumb to granular

" micro-structure. Numerous small round hard ferro-

manganese concretions (lateritic gravel). Numerous

‘roots. Changes gradually to :-

Slightly hard

Dark red (2.5YR3/6, 3/4) clay.
' Somewhat

consistence. Similar structure to above.

. more, loosely held laterite gravel as above. No

clay coatings were visible to the naked eye. The

soil mass contains numerous shiny very small particles

which arée probably heavy minerals. Numerous roots.
Changes clearly to :-

Laterite gravel, loosely packed, containing some sub-

-rounded quartz gravel and pebbles and some hard

enstatite stones and boulders. The latter have about
a 4 inch thick orange weathering crust.



Analytical data

Depth (inches)

Gravel %
C.Se%
M.S.%
F.S.%
Silt %
Clay %

pH (sat)
TEB

'CEC

Ca

Mg

K

BS

E/C value

Remarks
L

Profile 19

Ann. Rain

L

3

P.M,

Description
0_2§|

245"

5131

1319

1CT.

0-3% 9-16
4.6 16.4
12 14
13 11
25 21
21 12
29 42
506 503
15.5 13.5
25.3 16.9
5.2 1.1
1041 12.3
0.2 0.1
61 80
87 40

The clay fraction at the 9-16 inch level contains a
considerable amount of illite. According to the
differential thermal analysis a small amount of
goethite is also present. Due to the presence of
appreciable illite in the clay fraction the E/C

value of the subsoil is a little on the high side for
a fersiallitic soil. The gravel percentage is a
measure of the amount of lateritic gravel present.

Sinoia A.1 series, examined April 1962. Soil moist
throughout profile due to recent rains.

‘—4’“k—adii———/a\-—~ In flat part of valley about

10 miles north-west of Sinoia.
Approx. 32 inches (815 mm)

Scattered Brachystegia boshmii, Piliostigma thonningii,
Combretum ghasalense, and Diplorhynchus condylocarpon.

From arkoses of the Lomagundi system.

Dark greyish brown (10YR4/2 moist) fine-grained,
relatively silty, sandy loam. Friable consistence,
usually very hard when dry. Fine platy structure

on surface of soil. Fairly numerous roots. Changes
clearly to :-

Yellowish brown (10YR5/4 moist) similar sandy clay
loam. Friable consistence. No structure. Fairly
numerous pores. Fairly numerous roots. Changes
gradually to :-

Yellowish brown (10YR5/4 moist) similar sandy clay.
Friable consistence. Numerous diffuse yellowish
(10YR5/8 moist),and a fow reddish (5YR5/8 moist)
mottles. Numerous fine pores. Fairly numerous roots.
Changes clearly to :-

Mainly lateritic gravel, loosely held in a little
soil-like material. Numerous. soft, red (2-.5YR4/8
moist) lateritic concretions. Few roots. Changos

gradually to :-—



108.

19-30" Mainly lateritic gravel as above; loosely held in
light greyish (10YR6/2 moist) soil-like material.
The outer part of each lateritic concretion is coated
with soft reddish (2.5YR4/8 moist) material, while
the hard centres are a blue-black colour.

Analytical data

Depth (inches) 0-2 8-13 20-26
Gravel % 5.5 13.6 66.2
C.5.% 3 3 5
M.S.% 12 9 7
F.S.% 49 39 37
Silt % 17 16 19
Clay % 19 33 32
pH (Sat) 5.5 502 5-7
TEB 4.8 5.2 5.3
Cm 509 7-9 8.0
Ca 2.8 3.1 3.2
Mg 1.8 2.0 2.0
K 0.2 0.1 0.1
BS 81 66 66
E/C value 31 24 25
Remarks The clay fraction at the 20-26 inch level consists of

kaolinite together with some illite. Although this soil
is essentially fersiallitic, it shows some hydromorphic
features. High water tables are of relatively short
duration only, during periods of heavy rain. The
gravel percentage is a measure of the amount of

lateritic gravel present.

Profile 20 Miami F.1 series, examined April 1962. Soil moist
throughout profile due to recent rains.

Site ‘“\\-/ﬁLL‘\_—a— On locally level site in

undulating country about 25 miles north-west of Miami.

Ann. Rain Approx. 30 inches (760 mm)

Vege Numerous Julbernardia globiflora and Brachystegia
boehmii.

P.M. From highly micaceous formation rumming through

gnueissic country rock.

Description

0-2" Dark greyish brown (1OYR4/2 moist) fine to medium
grained loamy sand. Friable consistence, no structure.
Contains much fine mica. Numerous roots. Changes
clearly to 3=

2-6" Brown (7.5YR4/4 moist) similar sandy loam, also highly
micaceous. Numerous roots. Changes gradually to :-

618" Brown (7.5YR4/4 moist) similar sandy clay loam. Clay
coatings were clearly discernible on fragment surfaces,
even in the presence of much mica. Fairly numerous
roots. Changes fairly sharply to -

18-27" Mainly sub-rounded quartz stones and pebbles, loosely
packed. Some micaceous and other more gneissic
weathering rock fragments. Fairly numerous roots.
Changes fairly sharply to :-



09.

27-40" Highly micaceous very weathered rock with some soil-
like material. Fairly numerous roots.

Analytical data

Depth (inches) 0-2 3-5 9-14 29-34

C.S.% 6 6 9 12

M.S.% 26 14 21 21

F.5.% 49 57 35 36

Silt % 9 8 7 7

Clay % 10 15 28 24

pH (sat) 6.0 6.0 5.8 6.2

TEB 3.0 3.4 4.9 5.2

CEC 4.0 4.3 6.1 6.0

Ca 1.8 1.8 2.8 3.7

Mg 0.8 1.2 1.6 1.1

K 0.4 0.4 0.5 0.4

BS 75 79 84 87

E/C value 40 29 22 25

Remarks
At the 29-34 inch level the clay fraction contains
kaolinite together with an appreciable amount of illite.
On carrying out the mechanical analysis it was noted
that in addition to the mica that settled out in the
sand and silt fraction€, much remained in suspension
even after 24 hours.

Profile 21 Karoi F.1 series, examined April 1962.  Soil

moist throughout profile due to rains.

Site - ' On locally level site in
undulating country about 15 miles south-east of Karoi.

Ann,. Rain Approx 34 inches (865 mm)

Veg. Mainly Brachystegia boehmii and some Julbernardia
globifiora.

P.M, From phyllites and micaceous quartzites of the

Piriwiri series.

Doscription

0-241 Reddish brown (5YR4/4 moist) fine grained sandy loam.
Friable consistence, no structure. Finely micaceous.
Very numerous roots. Changes clearly to :-

23-10" Red (ebout 3YR4/6 moist) similar, finely micaceous
sandy clay loam. Very numerous roots. Changes
gradually to 3- ‘

10-22" Dark red (2.5YR3/6 moist) similar sandy clay loam.
Some shiny faces, other than mica, are discernible on
fragments. These may be clay coatings. Numerous
roots. Changes fairly sharply to :-

22-40" Sub-rounded quartz stones and pebbles, moderately
loosely packed. Fairly numerous roots. Changes
fairly sharply to :-



40_46n

Analytical data

Depth (inches)

C.S.%
M.S.%
F.S.%
Silt %
Clay %

pH (sat)
TEB

CEC

Ca

Mg

K

BS

E/C value

Remarks

Profile 22

Site

Ann. Rain

Veg ”

Pell.

Degcription
0-3"

39"

9-25"

25~36"

36-45"

surfaces which may be clay coatings.

11C.

Red (10R4/6 moist) highly weathered soft micaceous
phyllite with some soil-like material. Contains
numerous sub-rounded quartz pebbles and stones as

above. Fairly numerous roots.
0-2% 37 15-20
2 2 2
6 5 3
70 54 52
8 13 16
14 26 27
6.1 55 5:2
4‘3 3.1 3.2
5.6 4.4 4.1
3.0 1.9 1.4
1.0 1.0 1.5
0.3 0.2 0.2
11 70 78
40 17 15

At the 15-20 inch level the clay fraction contains
kaolinite together with an appreciable amount of illite.

Karoi G.1 series, examined April 1962. Soil moist

hroughout profile due to rains. :

T~ On about 1% slope in undulating
country, about 4 miles south of Karoi,

Approx. 34 inches (865 mm)

Mixed Julbernardia globiflora, Piliostigma thomningii,
Brachystegia spiciformis, and other trees.

From granite that appears to be somewhat more micaceous
than in other areas.

Very dark brown (10YR2/2 moist) fine to medium-grained
sandy loam. Friable consistence, no structure. Very
numerocus roots. Changes clearly to -

Brown (7.5YR4/4 moist) similar sandy clay loam.
Isolated shiny minute particles which may be mica.
Very numerous roots. Changes gradually to :-

Yellowish red (5YR4/6 moist) similar sandy clay.
Scattered shiny particles as above. Fragments show
Numerous roots.
Changes fairly sharply to :-

Moderately loosely packed, mainly sub-rounded, quartz
stones and pebbles. Fairly numerous roots. Changes’
fairly sharply to :-

Reddish (2.5YR4/6 moist) soil-like material with much
soft, weathering, relatively fine-grained granite which
is slightly micaceous.
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Analytical data

Depth (inches) 0-24 3~7 17-23
C.8.% 5 6
M.S.% 14 14 12
F.S.% 57 50 41
Silt % 9 6 5
Clay % 15 25 36
pH (sat) 6.2 5.4 5.8
TEB 7.4 3.4 3.7
CEC 9.1 6.2 6.2
Ca 5'2 2.6 2.8
Mg 1.6 0.6 0.8
X 0.6 0.2 0.1
BS 81 55 60
E/C value 61 25 17
Remarks At the 17-23 inch level the clay fraction consists of

Profile 23

Site

Amm. Rain -

.IUF
4]

.M.

Descrigtion

13~-20"

20--30"

30-46"

kaolinite together with some illite.

Rutenga G.1 series, examined August 1962. Soil dry

throughout profile.

Feinn .
mﬂjLL,/ —\\\~—~——~ On pediment with 3% slope
below granite batholith near the confluence of the
Nuanetsi and Msawe rivers, about 20 miles north-west
of Rutenga.

Approx. 18 inches (405 mm)

Mainly short Julbernardia globiflqgg.

From granite.

Brown (7.5YR4/2, 3/2) medium to coarse-grained sand.
Soft consistence, structureless. Very numerous roots.
Changes gradually to :-

Browmn (7.5YR4/2, 3/2) very similar loamy sand. Soft
to slightly hard consistence, structureless. Fairly
numerous, mainly felspathic partially weathered and
unweathered minerals clearly visible to the naked eye.
Numerous roots. Changes gradually to :-

Brown (7.5YRS/4, 4/4) very similar loamy sand.
Slightly hard consistence, easily visible unweathered
felspathic minerals as above. HNumerous roots.
Changes almost imperceptibly to :-

Browa (7.5YR5/4, 5YR4/4) similar sandy loam with
weatherable minerals as above. Slightly hard to hard
consistence. Numerous roots. Changes gradually to :-

Brown {about 6YR5/4, SYR4/4) very similar slightly
coarser grained sandy loam with slightly hard consistence.
Numerous roots.



Analytical data

Depth (inches)

C.8.%
M.S.%
F.8.%
Silt %
Clay %

pH (sat)
TEB

CEC

Ca

Mg

K

BS

E/C value

Remarks

112,

0-5 6-12 14-19 20-25 35-46

21 26 25 25 35
22 18 18 18 16
43 39 39 37 29
8 8 1 1 6
6 9 11 13 14
6.2 5.8 4.4 4.5 4.5
4.0 2.7 2.1 2.5 2.6
4.8 4.1 4.2 4.1 3.8
2.7 1.5 1.0 1.4 1.5
1.1 1.0 1,0 1.0 1.0
0.2 0.2 0u1 0.1 0.1
83 66 50 61 68
80 46 38 32 27

The clay minerals at the 20-25 inch level consist of
kaolinite and illite, probably in about equal amounts.
The tree vegetation is of a type normally found under
higher mean armual rainfall than that received locally.
This was attributed to appreciable run-off being
recoived from the large bare granite batholith nearby.
As a result the soils are probably more leached than
normal for tke area.
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PARA-FERRALITIC SOILS

Profile 24 Salisbury G.1 series, examined February 1962.
Soil moist throughout profile due to rains.

Site ~—~’;¢>~—.— ~-~——0n about 1% slope on side

of broad ridge, in o0ld reverted tobacco land, about
T miles south of Salisbury.

Ann. Rain Approx. 33 inches (840 mm)

Veg, ‘ Mainly Hyparrhenia grass. Surrounding trees are
mainly Brachystegia spiciformis and Julbernardia
globiflora.

P.M. From granite.

Description

0-6" Dark yellowish brown (10YR3/4 moist) coarse-grained
sand. Very friable consistence, no structure.
Numerous roots. (This is an Ap horizon). Changes
sharply to :-

6-18" Dark yellowish brown (10YR4/4 moist) very similar
loamy sand. Numerous roots. Changes gradually to :-

18-33" Brown (7.5YR5/4 moist) similar sandy loam. Isolated
felspathic particles discernible to the naked eye.
Numerous roots. Changes gradually to :-

33-60" Strong brown (7.5YR5/6 moist) similar sandy clay
loam. Some felspathic particles as above. TFairly
numerous roots.

Analytical data

Depth (inches) 0-5 8-14 20-26 48-54
C.S.% 35 29 28 28
M.S.% 30 27 24 22
F.S.% 24 26 25 24
Silt % 4 5 4 4
Clay % 7 13 19 22
pH (sat) 5.6 4.9 4.8 5.3
TEB 1.0 0.6 0.6 0.8
Cm 2.1 3.8 203 200
Ca 0.5 0.3 0.2 0.2
Mg 0.3 0.2 0.3 0.5
K 0.2 0.1 0.1 0.1
BS 48 16 26 40
E/C value 30 29 12 9
Remarks The clay fraction at the 20-26 inch level consists

entirely of kaolinite and amorphous free sesquioxides
of iron and aluminium. The whole profile was highly
porous. A hydraulic conductivity measurement (see
Remarks, Profile 10) made in situ at the 20-inch
level gave a highly empirical result of 18.6 inches
per hour over a 2-hour period (the more porous the
soil, the more empirical the result).

Although few felspathic particles could be discerned
in the field there were many, in various stages of
weathering, in the separated sand fractions in 2ll
horizons. :



Profile 25

Description
0_3"

3_8n

8_30n

30-40"

40-66"

Analytical data
Depth (inches)

C.S.%
M.S.%
F.S.%
Silt %
Clay %

pH (11 5)
TEB

CEC

Ca

Mg

K

BS

E/C value

Remarks
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Marandellas G.1 series, examined October 19583
upper horizons dry, subsoils slightly to moderately
moist.,

| _
,/'"“‘”””"“A“;“*"*-~. On sbout %% slope near top

of broad crest on Grasslands Research Station,
Marandellas.

Approx. 36 inches (915 mm)

Mainly Brachystegia spiciformis woodland.

From granite.

Dark brown (10YR4/3, 3/3) coarse-grained sandy loam.
Soft consistence, structureless. Numerous roots.

Changes clearly to :-

Brown (7.5YR5/4, 4/4) similar sandy clay loam.
Numerous roots. Changes gradually to :-

Reddish yellow (7.5YR6/6, 5/6) sandy clay. Slightly
hard consistence. Very feeble medium crumb
micro-structure. Numerous roots. Changes gradually

to :~

Reddish yellow (7,5YR6/6, 5/6) very similar sandy clay.
Slightly gravelly with angular quartz grains larger
than 2 mm. Changes almost imperceptibly to :-

Very similar material which appears to be slightly-. ...
more porous.

0-4 6-10 20-24 40-44
41 30 26 20
20 24 15 14
13 16 18 21

8 7 5 5
18 23 36 40
5.9 5.4 5.5 5.7
1.7 1.5 0.8 0.8
3.3 2.9 3.1 2.7
0.8 0.7 0.4 0.3
0.7 0.7 0.3 0.4
0.2 0.1 0.1 0.1
52 52 26 30
18 13 9 7

The clay fraction at the 20-24 inch level consists
mainly of kaolinite and free sesquioxides of iron
and aluminium but a very small amount of gibbsite
was also present, indicating a tendency to intergrade
towards ortho-ferrallitic.

The whole profile is highly porous. A hydraulic
conductivity measurement (see Remarks, Profile 10)
made in situ at the 21 inch level gave an empirical
result of 8.3 inches per hour over a 2-hour period
(the more porous the soil, the more empirical the
result). ‘



Remarks
continued

Profile 26
Site

Ann. Rain

S

3

P.M,
Description

o-2"

219"

19-32"
32-43"

43~59"

59-70"

Analytical data

Depth (inches)

c.s.é
M.S.
F.5.%
Silt %
Clay %

pH (1 2 5)
TEB
CEC
BS
E/C value

115.

Although no felspars could be detected by the naked
eye, a very rough mineral count made on the fine
sand fraction at the 20-24" level indicated that it
contains approximately 10% of felspathic remnants
in various stages of weathering.

Peatherstone M.1 series, examined September 1956.
Soil dry in upper part of profile, slightly moist below.

e e

- - On gently sloping ground on
broad crest about 10 miles north-east of Featherstone.

Approx. 32 inches (760 mm)
Tall close-grown woodland of Brachystegia spiciformis,

Julbernardia globiflora, Burkea africana and other
trees.

From Triassic sandstones (Forest sandstone).

Greyish brown (10YR5/2, 4/2) fine-grained sand.
Loose and structureless. Very numerous roots.
Changes fairly sharply to s~

Yellowish brown (10YR5/4, 4/3) similar sand. Very
numerous roots. Changes gradually to :-

Brownish yellow (10YR6/6, 5/6) similar sand. Soft
consistence. Very numerous roots. Changes
gradually to =

Yellowish brown (10YR5/6 moist) sand with small
amount of clay. Slightly moist. Slightly hard
consistence. Numerous roots. Changes gradually to :-

Similar (10YR5/6) slightly moist material. When
moistened further it is mainly friable but has a
certain brittleness. Some small whitish

(10YR7/2 moist) and reddish (2.5YR5/6) pockets.
This horizon may be slightly lateritised weathering
sandstone. Changes gradually to s~

Very similar horizon with less pronounced whitish and
reddish pockets.

0-2 4-17  20-31  34-41  46-57  60-66.

2 3 3 3 3 3
14 16 22 17 15 15
78 11 70 66 61 64

2 1 1 1 1 1

4 3 4 13 20 17

6.4 5.8 5.6 5.3 5.2 5.4

2.4 0.6 0.6 1.7 2.8 2.6

5.1 2.2 1.2 3.0 4.7 3.7
41 21 50 o1 60 70

145 13 30 23 22




The sand fractions consist practically entirely of
guartz grains most of which are sub-rounded and
transparent apart from some surface frosting. No
weatherable minerals could be found. The clay
fraction at the 34-41 inch level,; however,; consists
mainly of kaolinite and free sesquioxides of iron
and aluminium, together with a small amount of
illitic minerals. This amount,; though small, is
sufficient to impart a fersiallitic character to
the clay fraction, but the soil has been placed in
the para~ferrallitic group on account of the absence

1165

of detectable weatherable minerals and the extremely

low silt/clay ratio. These soils occur only in
association with regosols.
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ORTHO-FERRALLITIC SOILS

Profile 27 Chipinga E.1 series (Red ortho-ferrallitic), examined
June 1960. Soil moist throughout profile.

Site S On about 8% slope, east facing
aspect, below Mount Selinda about 20 miles south-
east of Chipinga.

Ann. Rain Approx. 45 inches (1145 mm)
Veg. - Mainly grassland with some Veronica podocoma and

Leonotis spp.

P.M, From dolerite.

Description

0=-4" Dark reddish brown (5YR3/3 moist) clay. Friable
consistence. Pronounced medium crumb to granular
micro-structure. Numerous roots. Changes
gradually to s~

4-10" Dark reddish brown (2.5YR3/3 moist) very similar clay
except that crumb structure is slightliy coarser.
Changes gradually to :-

10-17" Dark reddish brown (2.5YR3/4 moist) very similar clay.
Firm consistence. Very feeble medium sub-angular
blocky macro-structure in addition to micro-
structure as above. Changes gradually tc :-

17-33" Dark red (between 10 R and 2.5YR3/6 moist) similar
clay. Changes almost imperceptibly to :-

33-55" Dark red (nearer 10R3/6 than 2.5YR3/6 moist) very
similar clay.

Analytical data

Depth (inches) 0-4 5-9 11-16 18-23 48-52
C.S.% 1 1 trace trace trace
M.S.% 4 3 2 2 1
F.8.% , 26 18 13 12 12
Silt% 28 - 25 23 18 16
Clay% 41 53 62 68 68
pH (sat) 5.6 5.4 5.4 545 5.9
TEB : 12.5 8.9 4.5 3.2 1.9
CEC 26.4 21.8 15.7 10.3 9.7
Ca 8.1 6-5 3.2 2.1 009
Mg 3.9 2.3 1.3 1.1 1.0
K . 0.5 0.1 0.1 0.1 trace
BS 47 41 29 20 20
E/C value 64 41 25 15 14
Remarks - Although no examination of the clay fraction was

carried out on samples from this profile, appreciable
gibbsite in addition to kaolinite was found in a
very similar soil derived from dolerite nearby.




Profile 28

Site

Arn. Rain

Veg.

P.MI

Description
0-8"
8151
15;23n
23_38n

38—50"

Analytical data

Depth (inches)

C.S.%
M.S.%
F.S.%
Silt %.
Clay %

pH (sat)
TEB

CEC

Ca

Mg

K

BS

E/C value

Melsetter M.1 series (Red ortho-ferrallitic),
examined April 1960. Soil moist throughout profile.

4 ~~.  Cleaned up roadside cutting on

about 4% slope on high ridge 10 miles south-west of
Melsetter. :

Approx. 60 inches (1525 mm)

Short grass, about 20 yards from edge of wattle
plantation. '

From quartzites and sandstones of the Umkondo system.

Dark brown (7.5YR3/2 moist) very fine-grained sandy
loam. Very friabley, no structure. Numerous roots.
Changes clearly to :-

Reddish brown (5YR4/4 moist) similar sandy loam.
Changes gradually to :-

Red (2.5YR5/6 moist) similar sandy clay loam.
Changes gradually to :-

Red (2.5YR4/6 moist) similar sandy clay loam.
Changes very diffusively to :-

Red (10R5/6) highly weathered quartzite which appears
in every way to be like soil except for some fine
filaments of sugary quartz which appear to have been
quartz veins in the original quartzite.

o-7 9-14 17-22 29-35 43~-49%
trace trace trace trace trace
1 1 1 1 1

68 67 63 51 66
15 14 14 17 22
16 18 22 21 11
4.9 409 5-0 500 501
1.4 0.3 0.5 0.8 1.9
8.5 4.2 - 3.5 2.8 2.6
0.7 0.1 0.1 0.1 0.1
0.6 0.2 0.4 0.7 1.8
0.1 trace trace trace trace
16 i 14 29 73
53 24 16 13 24

* Highly weathered rock.

Remarks

Profile 29

Site

Ann, Rain

Veg,

An examination of the clay fraction at the 29-34 inch
level showed a small amount of gibbsite in addition
to kaolinite. :

Chipinga S.1 series (Yellow ortho-ferallitic), examined
June 1960. 'Soil moist throughout profile.

/-\~“,J/f, ™~ On about 15% slope on edge of
0ld cultivated land,on Southdovm Tea Estates about 15
miles east-south-east of Chipinga.

Approx. 47 inches (1195 mm)

Short grass
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P.M. From shales of the Umkendo system.

Descriptiqg

0-4" Dark brown (7.5 YR3/4 moist) clay with a relatively
high silt content. Friable consistence. Moderate
medium crumb micro-structure. Numerous roots.
Changes clearly to 3=

4-9" Reddish brown (5YR4/4 moist) similar clay. Friable
to firm consistence. Weak medium crumb micro-
structure. Changes gradually to s-

9-34" Yollowish red (5YR5/6 moist) similar clay. Firm
consistence. Very feeble medium sub-angular blocky
macro-structure, weak medium crumb micro-structure.
Changes fairly clearly to :- ‘

34-50" About equal proportions of purple-coloured, soft,
. weathering shale and soil-like material similar to
that of horizon above. Changes fairly clearly to i~

50-60" Almost entirely soft purple shale as above with only
a few pockets of soil-like material.

Analytical data

Depth (inches) 0-3% 5-8 18-24 53-59*
C.S.% trace trace trace trace
M.S.% 1 1 trace trace
F.S.% 29 22 19 29
Silt % 30 30 24 50
Clay % 40 47 5T 21
PH (sat) 4.5 4.6 5.0 5.0
TEB 2.5 1.3 0.9 0.9
CEC 10.7 91 6.8 3.5
Ca 1.0 0.3 0.2 0.2
Mg 1.3 0.9 0.6 0.7
X 0.2 0.1 0.1 trace
BS 23 14 13 26
E/C value 27 19 12 17

* Gample consists entirely of soft weathering shale.

Remarks An examination of the clay fraction at the 23-29 inch
level, taken from a very similar soil nearby, showed
some gibbsite in addition to kaolinite.

Profile 30 Bikita G.1 series (Yellow ortho-ferallitic), examined
August 1962. ' Soil dry throughout solum.
Prssiaplire s, L
Site 'On about 3% slope on

Chisiana plateau about 7 miles west—south-west of
Bikita, in cultivated land.

Ann. Rain Approx. 60 inches (1525 mm)
Veg Nil (ploughed)
P.M. From granite.

Description

o0-8n Dark greyish brown (10YR4/2, 2/2) medium to coarse
grained sandy clay loam. Cloddy. Very numerous
roots. Changes sharply to -
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8-21" Reddish yellow (5YR6/6, 5/6) clay. Slightly hard
consistence, structureless. Numerous roots.
Changes very gradually to :-

21-35" Reddish yellow (5YR5/6, 5/8) very similar ¢lay.
. S8lightly hard consistence in upper part becoming

soft with depth. Numerous roots. Changes very
gradually to :-

35-64" Very similar horizon with fewer roots.

Analytical data

Depth (inches) 1-6 11-17 26-32 49-55
CeSe% : 22 19 17 15
M.S.% 18 10 B ‘ 8
F.8.% 24 16 17 19

Silt % 15 8 9 9

Clay % 21 47 46 49

pH (sat) 4.5 4.9 5.7 6.0
Org. C. % 1.26 - - -
T.N.% - 0.120 - - -

C/N ratio 10.5 - - -
Available 17 _ - _

P205 ppm.

TEB 1.0 1.5 1.4 1.4
CEC 7.7 4.3 3.0 3.1

Ca 0.8 1.0 1.0 1.1 ¢
Mg 0.1 0.4 0.4 0.3

K 0.1 0.1 trace trace

BS 13 35 47 45

E/C value 37 9 T 6
Remarks An examination of the clay fraction at the 26-32

inch level showed kaolinite with appreciable guantities
of gibbgite. Base saturation in the subsoil is

higher than normal for this type of soil but the

extent to which fertilizer, manurial and lime
applications have had an effect. is not known.

Profile 31 Inyangani G.1 series (Humic ortho-ferrallitic),
examined. June 1960. Soil moist throughout profile.
a :
Site \ib//
e On east facing aspect on foot-

hills belo&'lnyangani mountain, on Eastern Highlands
Tea Estate. About 10% slope.

Ann. Rain Approx. 100 inches (2540 mm)

Veg. Cleared ground abcut 20 yards from edge of tea
plantation.

P.M. From granite.

Description

o-10" Very dark brown (10YR2/2 moist) medium to coarse
grained sandy loam which is very rich in organic
matter. Very friable and crumbly. Very numerous
roots. Changes very gradually to -

10~-15" Very dark brown (10YR2/2 moist) very similar horizon
in which there appears to be slightly less organic
matter. Changes very gradually to :-



15-24"

24_32”

32_42u

42_58u

Analytical data

Depth (inches)

C.S.%
M. Sb%
F.S.%
Silt 4
Clay %

pH (sat)
Org. C. %
T.N.

C/N ratio
TEB

CEC

Ca

Mg

K

BS

E/C value

Remarks

121,

Very dark brown (10YR2/2 moist) very similar sandy
clay loam in which, although still very appreciable,
there appears to be slightly less organic matter than
in the horizon above. Changes graduaily to :-

Dark brown (7.5YR3/2 moist) similar horizon which
contains some pockets of strong brown (7.5YR5/6 moist)
soil which are far less rich in organic matter.
Changes gradually to s-

Dark brown (7.5YR3/2 moist) organic rich material
and strong brown (7.5YR5/6 moist) relatively less
organic matter rich material, in about equal
proportions. Feeble medium crumo micro-structure.
Changes gradually to :-

Strong brown (7.5YR5/6 moist) clay with a pronounced
medium to coarse grained sand fraction. Some darker
organic matter stained pockets. Feeble crumb
structure as above. Numerous roots. A three inch
diameter auger hole was sunk in the bottom of the

pit to a depth of 76 inches from the soil surface

in order to obtain a sample (70-76") which to all
intents and purposes, was free of organic matter.

The colour of the material from the auger hole at

the T0-76" level was a uniform strong brown colour

(7.5YR5/6 moist).

0-10 18~24 34-40 44-50 170-76
18 20 17 18 1€
22 16 14 14 13
35 27 21 20 19
14 15 11 8 9
11 22 37 40 44
4.7 4.9 4.9 4.8 5.2
3.09 2.05 - - -
0.250 0.160 - - -
12.4 12.8 - - -
0.6 0.5 0.1 0.2 0.1
17.8 12.2 7.9 6.3 5.6
- - 0.1 0.1 0.1
- - trace trace trace
- - trace 0.1 trace
3 4 2 4 2
156 55 22 16 13

An examination of the clay fraction at the 70-76 inch
level showed mainly gibbsite with a little kaolinite.



Profile 32

Description

o_8n

8é21n

21=27"

27—40",

40-52"

SODIC SOILS

Salisbury GS.3 series (weakly sodic-hydromorphic
intergrade), examined March 1962, about a week after
the pit had been dug. Soil mainly moist throughout
profile due to rains.

On about 1% slope in low
catenal position, in country which is mainly very
flat and is underlain by solid unjointed granite.
About 17 miles west of Salisbury on Atlantica
Ecological Research Station.

Approx. 33 inches (840 mm)

Grassveld with some Hyparrhenia spp.

Mainly from granite but some influence from
metasediments of the Gold Belts.

Very dark grey (N3/0 moist) medium to fine-grained
sandy loam. Moist. Friable, no structure. Very
numerous yellowish brown (10YR5/6 moist) iron stains
in root channels. Changes gradually to s-

Dark grey (N4/0 moist) similar sandy loam. Very
moist. Fairly numerous bleached (N6/0 moist)
pockets. Iron stains as above. Sharp line
change to 3-

Dark grey (N4/0 moist) medium to fine grained sandy
clay loam. Slightly moist at first becoming
moderately moist with depth. Very hard consistence.
Some bleaching (N6/O moist) along upper horizon
boundary. Some yellowish brown (10YR5/8 moist)
mottles. below about 23 inches.

Very dark greyish brown (10YR3/2 moist) sandy clay.
Moist becoming very moist with depth. Water table
at 40 inches. Very numercus yellowish brown
(10YR5/8 moist) mottles.

Below the water table the soil appears to be very
similar to that of the horizon above it, except
that it is slightly yellower. At 52" there is
heterogeneous gravel which includes some shaly
fragments. Below this again, weathering granite
was encountered.

Changes gradually to :-
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. Analytical data

Depth (inches) 0-17 15-21 22-27 45-50
CeSu% 14 23 21 18
M.S.% 13 16 16 12
F.5.% 44 40 3 23
Silt % : 19 15 10 6
Clay % 10 6 22 41
pH (sat) 5.1 5.8 5.2 5.1
TEB 4.1 1.8 8.4 10.5
CEC _ 6.4 2.8 8.6 11.9
Ca 2.7 1.3 - - 4.9 5.6
Mg 1.3 0.5 2.8 4.3
X 0.1 trace 0.1 0.1
Na - - 0.6 0.5
BS 64 64 98 88
E/C value 64 47 39 29
w/s Na = - trace trace
ESP - - 7 5
Remarks The clay fraction at the 22-27 inch level consists

mainly of illite with some kaolinite. Some free
water has obviously moved along the upper boundary

of the 21-27 inch horizon since the pit was excavated.
After drying, the vertical surface of this horizon
exposed in the profile showed a typical flaky
appearance characteristic of soils in which there is
some measure of deflocculation of the clay fraction.

Profile 33 Mondoro MG.1 series (strongly sodic soil, also with
some hydromorphic features), examined October 1960,
Soil dry to 20 inches, slightly mdist at the 20-25
inch level, becoming progressively more moist with
depth. ‘

Site Tl on about 34 slope in
relatively low-lying position in gently undulating
country about 3 miles south of Mondoro.

Amn. Rain Approx. 30 inches (760 mm)
Veg, Mainly open grassland (BEragrostis, Tristachyé and

Hyparrhenia spp.) with a few scattered Protea SP.
Julbernardia globiflora, and Brachystegia boehmii.

P.M. Mainly from Triassic sands but with a significant
influence of granite which underlies the Triassic
formation at relatively shallow depth.

Description

0-5" Brown (10YR5/3, 3/3) fine to medium-grained sand.
Very soft consistence, structureless. Numerous
roots. Changes gradually to :=~

5-20" Very pale brown (10YR7/3, 5/3) similar sand with a
. few isolated diffuse reddish mottles. Numerous
roots. Sharp line change to -~

20-25" Dark groyish brown (10YR4/2 moist) sand with a little
clay. Slightly moist. Extremely hard consistence
when dry. Very feebly columnar tops but massive
below this.  Tops of columns are bleached presumably
due to lateral movement of water in the wet season.

A few yellowish brown (10YR5/8 moist) mottles near 25
inches; a few fine roots. Changes gradually to :-



25__46'{

46-60"

60~-T0"

Analytical data

Depth (inches)

C.S.%
M.S.%
F.S.%
Silt %
Clay %

pH (sat)

. Cond (sat)
TEB

CEC

free CO"3

E/C value
ESP

- Remarks

Description
0-24"

124,

Dark yellowish brown (10YR4/4 moist) similar sand
with a little clay. Slightly moist., Extremely hard
consistence when dry, massive. Numerous diffuse
reddish (5YR5/6 moist) and yellowish brown (10YR5/8)
mottles. A few very scattered hard carbonate
concretions., Very occasional fine roots. Changes
gradually to :-

Yellowish brown (10YR5/4 moist) sand with a little
clay. - Slightly moist becoming moist with depth.
Friable consistencey, no structure. Numerous
yellowish brown (10YR5/8 moist) mottles.
Changes gradually to :-

No roots.

Very moist -to wet yellow and grey gleyed similar
material.’

0-7 12-18 20-25 4652
10 11 10 11

29 - 28 .26 20

55 59 52 56

3 1. 2 1
3 1 10 12
5.8 7.2 7.8 7.7
0.14 0.20 0.42 © 0,37
0.9 - 0.4 3.6 3.4
1.7 0.5 3.4 3.5
nil nil 0.2 nil
- - 2.01 0.60
- - 0.07 0.06
53 80 100 97

57 50 34 . 29

- - 59 7

No examinaticn of the clay fraction was made.

Solid unjointed granite formations underlie all of
the soils in this area at relatively shallow depth,
and it crops out in water-courses in the area. Its

" influence on the soil is very evident, not only in

the relative proportions of ccarse, medium and fine
sub-fractions of the total sand fraction (c.f.
Profiles 1 and 26) but it is also primarily

‘ responsible for the hydromorphic as well as the

sodic character of the soil.

Enkeldoorn G.2 series (Strongly sodic), examined
October 1960.  Soil dry throughout profile.

““‘-~J<-~\r-mlamut3%shmein

relatively low-lying area bordering water-course,
about 7 miles north of Enkeldoorn.

Approx. 30 inches (760 mm)

Mainly bare ground, with scattered small tufts of
gI‘aSS. )

From granite.

‘Greyish brown (10YR5/2, 3/2) medium to coarse~grained
sand. Soft to slightly hard consistence, structure-
less. Numerous fine rcots in parts. Changes very
abruptly to :-



258

8-16"

16-26"

26-48"

Analytical data

Depth (inches)

CeSe%
M.S.%
F.S.%
Silt %
Clay %

pH (sat)
Cond (sat)
TEB

CEC

free CO"3

E/C value
ESP

Remarks

125,

Greyish brown (2.5Y5/2, 4/2) medium to coarse-grained
sandy clay loam,
columnar tops which are bleached due to lateral water

movement, thin vertical cracks below.
Changes very gradually to :-

roots.

Very hard consistence.

Rounded

A few fine

Greyish brown (2.5Y5/3, 4/2) similar sandy clay loam.

Very hard consistence,
structure.
and some softer deposits.
brown (10YR5/6) diffuse mottles.

Feeble coarse angular blocky

Fairly numerous hard carbonate concretions

gradually to s-

Fairly numerous yellowish
Changes very

Very similar horizon but with some dark grey
discolorations.

Some weathering granltlc gravel.
Changes gradually to :-

Mainly weathering gneissic granite with some soil-like
material similar to that in horizon above.

.
(0]

e e e
O HapUD

®

oW

-3
OO BpPwOoN VI

82
11

No examination of the clay fraction was made.

5-1
22
24
24
1
23

8.0

1.13
13.4
11.7

1.7

6.20

0.33
100
51
53

Water

which had evaporated in a water-course nearby left a

white efflarvescence in places.
“consisted almost entirely of sodium carbonate and bi-
carbonate.

evaporated.
showed rno such reaction.

This efflarvescence

Some of the weathering gneissic granite
in the water-course effervesced with acid presumably
due to impregnation with such salts as the water
Freshly broken unweathered rock, however,

Most of the granites in

Southern Rhodesia are soda-granites and the main
felspathic constituents are albitic plagioclases.

There can be little doubt that the sodium which gives
rise to sodic soils originates from weathering of these.

felspars.

"Were this not the case, highly soluble

salts such as sodium carbonate would have been removed
long ago under the prevailing rainfall.
The A horizons of the profile have been largely

removed by erosion.
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Profile 35 Salisbury GS.4 series (Strongly sodic) examined March
1962, Frist inch or so moist due to rains, remainder
of profile dry except in vicinity of water which had
collected in the bottom pit from run-off.

»-.ﬁ.-‘_~_-_~,~;LL\\/_ In a bare patch on nearly

Site
level ground in relatively low-lying position flanking
a water-course cn Atlantica Ecological Research
Station about 17 miles west of Salisbury.

Ann, Rain Approx. 33 inches (840 mm)

Veg. Nil

P, M. ' Mainly from granite but with an appreciable influence

of inter-bedded sediments of thq Gold Belts.

Descriptibn

01" Greyish brown (10YR5/2, 4/2) fine to medium grained
sandy loam. Moist. TFriable consistence, no
structure. Some sub-rounded quartz pebbles on
surface. Changes very abruptly to -

1= . Dark greyish brown (10YR4/2, 3/2) clay. Slightly
moist in first 3 to 1 inch, dry below. Very hard
consistence, Upper surface has rounded columnar
tops, thin irregular, mainly vertical, cracks below.
Very isolated minute hard carbonate concretions.
Changes very gradually to :-

T-23" '  Similar heavy clay with strong medium angular blocky
' ptructure. . Slightly more numerous carbonate
concretions.
23-43" Very similar heavy clay which is calcareous as well as

sodic. Numerous. large hard carbonate concretions
which show a finely crystalline structure when broken.
The level of run—off water in the pit was 43 inches
and the soil becomes moist about 2 inches above this
level. .The water had become a slightly viscous gel
due to suspended deflocculated clay.

Analytical data

Depth (inches) 0-1 -1 14-20 29-35
C.8.% 12 6 5 7
M.S.% - 17 .9 6 7
F.S.% 49 30 .21 23
Silt % 13 17 ' 14 12
Clay % 9 38 54 51
pH (sat) 6.1 8.5 8.7 8.9
Cond (sat) 0.70 1.06 1.00 0.82
" TEB 3.7 34.1 54.9 80.5
CEC 5.5 24.0 30.9 27.8
free co", nil 10.1 24.0 52.7
Ca 1.1 12.9 21.5 40.4
Mg 2.5 1.1 17.5 25.4
K 041 0.2 0.2 0.2
Na -~ 9.9 15.7 14.5
w/s Na - 0.7 1.0 1.6
BS 67 100 100 100
E/C value 61 63 57 55
ESP - 41 51 52



Remarks

Profile 36

Site

Amm. Rain

Veg

P.M.

Description
o-4"

4-14"

14=244"

Analytical data

Depth (inches)

COS.%
M.S.%
F.5.%
Silt % .
Clay %

pH (sat)
Cond (sat)
TLB

CEC

free 00"3
Ca

Mg

K

Na
BS
E/C value
ESP

127,

The Atlantica Ecological Research Station is on the

edge of an extensive very flat area underlain by
'solid unjointed granite.

~ As a result most of the
goils over this tract are characterised by high water—
tables but in places sodium released from the
weathering of albitic plagioclases in the granite; has
accumulated in the soils to give rise to small areas
in which the soils are either strongly sodic as in the
profile just described, or weakly sodic as in Profile
32. : ,

Sabi U.4 series (Saline sodic soil), examined August
1963. Soil dry throughout profile.

[ERIY -

—.ﬁ\\‘\dﬂ~—-«'””’ﬂ About half-way down bafe
sloping ground flanking the lowest part of the Dagati
pan in the lower Sabi Valley.

Approx. 16 inches (405 mm)

Nil

Mainly granitic alluvium.

Greyish brown (10YR5/2, 4/2) very coarse-grained sandy

loam. Hard consistence, massive. Surface veneer
of coarse sand about 1 mm thick. Below this, pale

(10YR7/2) very thin skin or coating. Soil mass
effervesces gently with acid. Some organic (black-
alkali) stains in places. No roots. Changes

fairly clearly to :-

Yellowish brown (10YR5/4, 4/4) very coarse-grained
sandy clay locam. Very hard consistence, massive.
Much white flecking due to sand and gravel fracture
caused by digging implements. Soil mess effervesces
vigorously with acid. Some large very hard, very
irregular-shaped carbonate concretions which occlude
sand grains. Changes gradually to :-

Brown (7.5YR5/4, 4/4) similar sandy clay. Very hard
to extremely hard consistence, massive. White
flecking as above. Soil mass effervesces less
vigorously with acid than horizon above. Numerous

Some reddish and blue-
Very gravelly.

hard concretions as above.,
black ferromanganese stains in places.

0-4 T-13 18~-24
33 37 28
10 14 13
20 18 18
21 9 8
16 22 33
10.1 10.3 10.0
15 + 15 + + 12
41.9 15.3 28.0
20.4 2.6 14.0
21.5 5.7 14.0
17.0 2.5 10.0
3‘7 . 1'3 4'5
0.8 0.7 1.1 !
20.4 10.8 12.4
100 100 100
127 44 42
100 100 89
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Composition of the saturation extracts in milligram equivalents per litre

Depth (inches)

Ca
Mg
Na
K
n
Co 3

HCO!
'y

c1!

SO||4

POH‘
4

Total cations
Total anions

Remarks

0-4 7-13 18-24
1.1 2.1 : 0.9
3.6 2.0 5.3

282.1 (6.3m.e.%) 289.2 (6.0m.e.%) 150.4 (4.3m.e.%)
0.3 0.4 0.3

91.8 108.0 47.9

24.4 24.6 19,1

109.5 109.3 62,1

35.7 22.2 12,2
3.1 6.9 4.0

287.1 293.7 156,9
264.5 270.0 145.3

No examination of the clay fraction was made. The
water-soluble sodium figures in the saturation extracts
correspond to 6.3, 6.0, and 4.3 m.e.% respectively, in
the soil. In spite of making allowance for them, the
derived exchangeable sodium figure for the 7-13 inch
level is greater than the cation exchange capacity.

It would appear, therefore, that owing to solubility
product and other effects, the amount of sodium
measured in the saturation extract is not a true

_ indication of the water soluble sodium content of at

least some highly saline sodic soils.



. Profile 37

[ 42]
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ct
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Ann. Rain

FUF
O

‘M.

Description
o-1"

1-.6"

6-13"

13_27"

27-45"

45-53"

Analytical data

numerous fine roots.

Depth (inches)

M.S.%+ C.8.%
F.S.

-Silt %

Clay %

pH (1 ¢ 5)
TEB

CEC

Free CO"3

BS
E/C value

129,

CALCIC HYDROMORPHIC SOILS

Salisbury E.4 series (Calcic hydromorphic vertisol),
examined September 1955. Soil dry at surface,
becoming progressively moist with depth.

nm"‘ﬁ\\\‘“‘ii———\f-In low catenal position

near edge of very wet area flanking a water-course in
the Salisbury environs, near site of Profile 17 (red
fersiallitic clay).

Approx. 33 inches (840 mm)
Hygrophilous grasses and herbs.

From epidiorite.

Strong medium to
The granules themselves
Very

Black (N2/0, 2/0) heavy clay.
coarse granular structure.
are very hard. Some wide vertical cracks.
numerous roots. Changes clearly to :=-

Black (NZ/O moist) similar clay. Slightly moist.
Fine to medium angular blocky structure, some wide

vertical cracks. Very numerous roots. Changes
gradually to :-
Black (N2/O moist) similar clay. Moist. Irregular

coarse angular blocky structure, fairly numerous
slickenslide surfaces. Extremely firm consistence.
Some patches containing numerous small hard carbonate
concretions. Numerous roots. Changes gradually to -

Very moist.
Fairly
Fairly

Very dark grey (N3/0 moist) heavy clay.
Pronounced slickenslides, some very large.
numerous hard carbonate concretions as above.
Changes gradually to :-

Very dark grey (5Y3/1 moist) similar clay. Very moist.
Pronounced slickenslides as above. Some diffuse
yellowish brown (10YR5/8 moist) mottles near 45 inches.
Numerous sub-rounded quartz stones and more angular
unweathered epidiorite fragments, also at ‘this depth.

Carbonate concretions diminish with depth. Few fine
roots, Changes gradually to :-
Olive grey (5Y4/2 moist) similar clay. Wet. Some

large slickenslides. Numerous yellowish brown
(10YR5/8 moist) mottles, becoming more numerous with

depth. Numerous quartg and epidiorite stones as above.
0-1 2-5  15-23 30-38
9 T 9 9
19 13 18 10
16 12 10 9
56 68 ‘ 63 T2
6.7 649 8.6 7.8
58.5 - 66. 102.7 59.7
60.6 69.7 54.0 58.6
nil nil 48.17 Te1
97 96 100 100
108 103 86 81



Remarks

Profile 38
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Description
0.-84 '

8--20"

20-34"

34-54"

Analytical data

Depth (inches)

COSO%
M.S.%
F.S.%
Silt %
Clay %

pH (sat)
Cond (sat)
TEB :
CEC

Ca

Mg

K

BS

E/C value

The clay fraction at the 15-23 inch level consists
practically entirely of mentmorillonite.

The mechanical analyses at this level and to a lesser '
extent at the 30-38 inch level, are not very accurate
since both samples showed thixotropic properties.

In order to obtain an approximate mechanical analysis
of the sample from the 15-23 inch level, only 25 grams
of soil, instead of the normal 50 grams, had to be
taken for mechanical analysis by the hydrometer method.

Mazoe S.3 series (Calcic hydromorphic clay), examined

June 1964. Soil dry at surface becoming moist with
depth, water table at 54 inches.

N | .
\‘“*“““-—“J‘—~L/“On flat ground in low catenal

position about 4 miles south-east of Mazoe.
Approx. 30 inches (760 mm)
Sedges and reeds.

From interbedded metasediments of the Gold Belts.

-Black (N2/0 moist), relatively silty clay. Hard

consistence. Moderate, medium sub-angular blocky
structure. Numerous rust-like stains in root
channels. Changes clearly to :-

Black (N2/0 moist) heavy clay. Very slightly moist.
Very hard to extremely hard consistence. Moderate,
coarse prismatic structure with shiny pressure faces
between the peds. : Numerous rust-like stains in root
channels in upper part of this horizon. A few small
yellow (2.5Y5/6) mottles. Changes fairly clearly to s~

Very dark grey (N3/0 moist) similar clay. Moist.
Very firm consistence. Very coarse angular blocky
cracking pattern on surface. Some pressure faces
evident. Prominent yellow (2.5Y5/6) mottles.
Changes clearly to -:-

Mottled gley horizon, matrix N3/0, mottles (2.5Y5/6)
Moist. Very firm consistence. Water table at 54
inches. C : '

0-6 12-18 24-30 40-46
2 2 3 2
2 2 2 2
29 20 24 28
34 25 23 18
33 51 48 50
5.6 6.5 6.9 6.7
0.21 0.20 0.11 0.10
22,2 26.6 18.9 15,8
31.4 29.6 21,9 20.7
12,8 14.8 10.2 8.5
9.0 1.4 8.5 To1
0.4 0.4 0.2 0.2
71 90 86 76
95 58 46 41



Remarks

Profile 39

Description
o-11n

11-17"

17-28 +"

Analytical data

Depth (inches)

CeSe%h
M.S.%
F.5.%
5ilt %
Clay %

pH (sat)
Org. C. %
T.N.%

C/N ratio
Available
P205 Ppm,.
Cond (sat)
TEB

CEC ,
free CO"3

Ca

Mg

K

BS

E/C value

Remarks

131,

No examination of the clay fraction has been made.

Mazoe C.2 series (Humic calcic hydromorphic clay),
examined February 1964. Soil moist to wet throughout

profile_._~
~_L

In low lying area at
bass of hills; flanking the Marodzi river, about 5
miles south of Mazoe.

Approx. 30 inches (760 mm)

Sedges and reeds.

Colluvial material off epidiorite.

Very dark brown (10YR2/2 moist) clay, very rich in

organic matter. Very moist. Crumbly. Numerous
rust-like stains along root channels. Some orange
(7.5YR4/4) discolorations or mottles. Changes

fairly sharply to :-

Mainly non-sticky, crumbly, black (NZ/O moist)
organic matter with many occlusions of material
similar to horizon above. Numerous stainings as
above. Very moist. Changes clearly to :-

Dark grey (5Y4/1 moist) clay, very rich in organic
matter. Some orange (7.5YR4/4) mottles and some
more neutral grey (N4/0) pockets. Some pockets or
occlusions of black (N2/0) organic matter as in
horizon above.

0~-8 11%-15 19-26
trace 1 trace
trace 5 1

21 27 15

43 37 40

36 30 44

6.3 6.3 6.3
4,30 14.92 5.04
0.351 1,080 . 0.416

12.2 13.8 12.1

27 22 6

4.2 0.6 0.4
61.0 106.0 47.2
55.9 95.3 48.3
501 10.7 nil
46,4 86,1 36,2
13, 1 19.8 10.9
1.5 0.1 0.1

100 100 98

156 317 111

No investigation of the clay minerals was possible.
Since organic matter was not destroyed mechanical
analyses and the EVC values are meaningless as a
measure of the activity of the clay fractions but they
correlate, very roughly, with the amounts of organic

matter present.

The high electrical conductivity in

the surface horizon may be due largely to calcium and

magnesium bi-carbonates.



. Description
0-4"

4-10"

10-31"

347"

Analytical data

Depth (inches)

CeS.%
M.S.%

FuS.% .
Silt %
Clay %

pH (1 :5)
TEB

CEC

BS -

E/C value

Remarks

i32.,

NON-CALCIC HYDROMORPHIC SOILS

Salisbury G.3 series (non-calcic hydromorphic soil),
examined August 1955. Soil dry at surface, slightly
moist below becoming very moist with depth.

|

o e On very nearly level ground

near Lydﬂate (about 35 miles west of Salisbury).

Approx. 32 inches (815 mm)

Mainly open grassland (Hyparrhenia spp. ) with scattered
Parinari curatellaefolia and Protea sp.

From granite.

Greyish brown (2.5Y5/2,'4/2) medium to coarse—grained
sand.  Soft consistence, structureless. Very
numerous roots. Changes gradually to :-

Pale brown (10YR6/3, 5/3) similar sand. Slightly
moist. Numerous roots. Changes gradually to :-

Light yellowish brown (10YR€/4 moist) similar loamy
sand. Moist. Very frieble consistence, no
structure. Pronounced diffuse yellowish brown
(10YRS/6 moist) stains. Numerous roots. Changoes
gradually to :-

Light grey (10YR7/2 moist) similar loamy sand. Very
moist to wet. Much yellowish red (5YR5/8 moist)
iron-rich, moderately hard lateritic concretionary

materiale. Water table at 47 inches.

0-3 19-24 40-44
29 : 22 24
32 27 27
29 35 31

5 4 6

5 12 12
5.6 4.7 5.1
105 005 ] 006
2.3 3 3.0
65 22 20
46 19 25

No examination of the clay fraction was made.
Hydromorphic soils extend even up to the tops of the
very slight crests in this relatively flat country.

The reason for the hydromorphic conditions is the

solid unjointed granite which underlies the whole area.
It crops out on the surface in places and its unjointed
solid nature is clearly shown in a disused querry

some miles ‘away, which was about 100 yards long,

40 yards wide, and about T0 feet deep. It was
abandoned because of water which flowed into the
workings along the top of the granite.



Profile 41

Site

Ann, Rain
Veg,

P.M,

Description
0_311

390

9-19"

19-65"

Analytical data

Depth (inches)

C.S.%
M.S.%
F. SC%
Silt %
Clay %

pH (sat)
Org. C. %
T.N.%
C/N ratio
Available
PZOS PpM.
TEB

CEC

Ca

Mg

K

BS .
E/C value

Remarks

Umvuma K.? series (Humic non-calcic hydromorphic soil),
examined August 1962. Top 3 inches dry, moderately
moist below becoming very moist with depth.

T —— e

On edge of relatively steep-

" sided depression (vlei) about 7 miles south of Umvuma.

Approx. 28 inches (710 mm)
Some bracken and ferns, in patches.

Kalahari sand, possibly with a little influence of
granite which underlies the Kalahari sand at relatively
shallow depth.

Dark grey (N4/0, 2/0) very light, loose material which
appears to be mainly organic matter. On very close
examination however it is seen to contain much fine
sand. Moistens only with difficulty. Changes

very gradually to :-

Black (N2/0 moist) similar material with more sand.
Moderately moist. Very numerous sedge-like roots
coated with yellowish brown (10YR5/8) stains. Changes
almost imperceptibly to :-

Black (N2/0 moist) very similar material. Moist.
Changes abruptly to :-

White (N8/O, 1OYR7/2) medium to coarse-grained sand.
Moist becoming very moist with depth. Very numerous
roots with yellowish brown (10YRS/8 moist) stains as
above. " Also some diffuse stains between roots. The
roots decrease with depth. Water table at 65 inches.
Some coarse granitic-looking particles discernible in
these sands.

0-3 4-8 10-16 20-26
11 19 15 25
13 20 19 34
54 40 45 37
16 14 14 - 2
6 7 T 2
367 3.8 3.6 4.3
9.22 3. 69 5.48 -
0.58 0.22 0.31 -
15.9 16.8 17.5 -
27,0 5 7 -
0.7 0.2 0.2 0.2
30,6 14.4 19.2 1.0
0.4 0.2 0.2 0.1
0.2 trace - trace 0.1
0.1 trace trace trace
2 1 1 20
510 206 274 50

Since organic matter was not destroyed the mechanical
analyses and the E/C values are meaningless as

measures of the activity of the clay fractions but

they correlate, very roughly, with the amounts of
organic carbon present. In addition, the E/C value at
the 20-26 inch level is only very approximate due to the
extremely low clay content. The soils about 30 yards

-up the slope are regosols, typical of Kalahari sands.
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TYPICAL SOIL SERIES DESCRIBED IN APPENDIX A.

Bikita G.1 (ortho-ferrallitic, on granite) « o « o o o « o o
Birchenough E.1 (vertisol, on dolerite) .« « « 4 o« o o o o &
Chipinga £, 1 (ortho~ferrallitic, on dolerite) + « o & + o
Chipinga S.1 (ortho-ferrallitic, on shale) + + « o o o o o &
Chisumbanje B.1 (vertisol, on basalt) =+ « o o o o o o & o o
Darwendale X.1 (fersiallitic, on ultra-basic rocks) . . . .
Enkeldoorn G.1 (sodic, on granite) o o+ o « « o o « o o »
Featherstone M.1 (para-ferrallitic, on sandstone) . « . . .
Inyangani G.1 (humic ortho-ferrallitic, on granite) . . . .
Karoi F.1 (fersiallitic, on micaceous phyllite) .+ « « « o &
Karoi G.71 (fersiallitic, on granite) « + + o o o o o o o & &
Marandellas G.1 (para-ferrallitic,on granite) . . « . + . .
Matopos E.O (1ithosolyon epidiorite€) « & « o o o o o o o o«
Matopos E.1 (siallitic, on opidiorite) o o o v o o o o o o

Mazoe C.2 (humic calcic hydromorphic, on colluvium) « + +

Mazoe S.3 (calcic hydromorphic, on argillaceous metasediment)

Melsetter M.1 (ortho-ferrallitic, on sandstone) « « « o« + »
Miami F.1 (fersiallitic, on highly micaceous rock) . . . . .
Mondoro MG.? (sodic, on sandstone/granite) « « s « o o o « o
Nymandhlovu K.1 (regosol, on Kalahari sand) .« + « « o « o »
Rutenga G.1 (fersiallitic, on granite) « « « o o « o v & « &
Sabi C.1 (sialliticy, on colluvium) « o « o ¢ o o ¢ o o o o o
Sabi C.2 (siallitic, on colluvium) o « o ¢ o o ¢ o o o o o o
Sabi U.1 (siallitic, on alluvium) .« o o« o o ¢ o o ¢ o « o o

Sabi U.2 (siallitic, on alluvilim) =« o « o o o o o o o o o &

Sebi U.4 (saline sodic, on alluvium) « o o o o o « o o o o &

Salisbury E.2 (fersiallitic, on epidiorite) o« « & « o o o &
Salisbury E.4 (calcic hydromorphic vertisol, on epidiorite)
Salisbury G.1 (para-ferrallitic, on granite) « « « o o« o« o &
Salisbury G.3 (non-calcic hydromorphic, on granite) . . . .

Salisbury G3.3 (weakly scdic, on granite/argillaceous
metasediment) « s e e

Salisbury GS.4 (sodic, on granite/argillaceous metasediment)
Selous X.1 (vertisol, on ultrabasic ToCk) e « ¢ o o o o o

Siabuwa Z.1 (vertisol, on Madumabisa shale) . . . e e e

Sinoia A.1 (fersiallitic, on arkoSe) + o o « o ¢ o o o o o o

Triangle P.O (1ithosoly, on gneiss) « » « o o o o a o o o o &
Triangle P.1 (siallitic, on gneiss) « o o o o o o o« o o o o
Tuli L.1 (calcareous siallitic, on gneiss) « « o« o o « o o o
Tuli P.1 (siallitic, on @NEiSS) « o o o o o o o o s o o o o o
Tuli P.2 (siallitic,on gNeiss) « « o s o o o o o o ¢ o o o o

Umvuma K.1 (humic non-calcic hydromorphic, on Kalahari sand)

N

135,

Pag

119

91
117
118

89
106
124
115
120
109
110
114

87

96
131
130
118
108
123

86
111
102
103

99
101
127
105
129
113
132

122
126
92
93
107
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METEQROLOGICAL DATA

viod used R A I NP A L L Mean Mean|Mean R.H. Period Uséd
for PLACE op
1infall July{Aug.]Sept. }Oct. {Nov. |Dec. }Jan. jFeb. (March{ApriljMay {June; Year Max. Min.|0600 1400 [Extremes R.H.
11-1961 FORT VICTORTA 140.09{0.09{0.18 | 0.80{ 2.94} 5.36| 5.30| 4.76} 3.24} 0.71}0.23/0.39] 24.09|lJul.|70.9{41.7} 85 | 33 [1931-61 [1951-61
8_10g1¢ |Lat- 20°04'S. Long. 30952'E. [ 2]0.59]0.79}1.78 | 3.90| 6.97]19.14}20.75}15.79{11.36( 3.68| 1.74|1.76] 54.61}0ct.{85.8{59.2] 76 | 32 :
’. 19 1( Altitude 3595! 3}0.00{0.00{0.00 } 0.00| 0.17} 0.53] 0.22f 0.11} 0.03| 0.00}0.00}0.00} 9.60}|Jan.|81.9}62.8] 94 | 59
}1-1961 GATOOMA 110.00}0.01}0.13 } 1.18] 3.52) 7.09 7.26' 6.27} 3.65] 1.49+0.4710.07} 30.54}|Jul.}74.7§46.1] 74 | 29 11931-61 [1951-61
8 61( Lat. 18°19' S. Long. 30954'E. 2]0.25/0.13}1.51 | 3.96] 8.24}16.68}17.00{17.13]11.92] 4.36] 1.70/0.80} 52.39|l0ct.}89.8|61.6| 65 | 25
6-1961¢ Altitude 3790 310.00{0.00{0.00 | 0.00 0.14| 1.89| 0.52| 0.09| 0.04] 0:00[0.00}0.00| 17.16}iJan. |{82.3| 63.2| 91 | 58
: ( SALISBURY - 110.04{0.06{0.21 | 1.16} 3.72{ 6.81} 7.97} 7.10 4.24:_1.20‘0.35fo.18' 33.04llJul.}69.9143.6] 78 | 30 1951-6& 1951-61
96—1956é Lat. 17050'S. ZLong. 31001'E. 210.48}1.78|3.08 | 3.43} 9.29}16.82}18.84}18.79]11.98} 3.95}1.95]0.99] 50.84}i0ct.|83.2{58.2] 70 | 30
: Altitude 4831! 3]0.00}0.00}0.00 | 0.00} 0.63} 1.03] 0.70}| 1.15 0.32}f ©.00]0.00}0.00 17.76ljJan. | 78.1} 60.3} 93 | 60
)1-1956 MARANDELLAS 1{0.07}0.10}0.29 | 1.33} 4.37] 7.72] 8.44] 7.05| 5.46} 1.38Y0.49l0.14| 36.84|lgu1.|66.5|42.7] 86 | 33 |1933-61 |1953-61
101 1§ |Lat. 18010'S. Long. 31°30'E. 211.01}1.44{4.93 | 7.52]11.21123.31}119.53]|14.12{16.83} 5.12] 7.04{1.30] T71.53}joct.}80.4|55.5| 78 | 30 |
=19 ( Altitude 5400 3}0.00{0.00/0.00 | 0.00} 0.42] 2.08] 1.65} 0.37| 0.15}-0.00}0.00}0.00} 18.21}\Jan.}75.5}58.1} 95 | 60
31-1961 SABI 110.08{0.09}0.19 | 0.70| 2.55| 3.39} 3.83] 3.14{ 2.50} 0.49{0.30}0.31} 17.57}Jul.}78.7145.4] 87 | 35 [1951-61 [|1951-61
27_1961( Lat. 20921'S. Long. 32°20'E. 2{0.60]0.98}1.82 }| 2.82} 4.72]10.38]{17.15] 8.57{10.24} 2.24} 1.85{1.75| 36.89||0ct.}92.8]63.0 78 | 30
( Altitude 1465° 3{0.00{0.00{0.00 { 0.00{ 0.00! 0.55| 0.44| 0.00{ 0.00} 0.00}0.00}0.00}| 8.43||Jan.}{88.4{67.7% 90 | 53 -
26-1956 | ' TRIANGLE 1}0.220.14}0.33 0.73| 3.04] 4.59} 5.53] 4.16] 3.92| 1.12:0.2910.42] 24.49}|Jul.}79.4}42.8] 89 »34' 1944-60 |1951-60
21_1959( Lat. 21901'S. Long. 31024'E. 213.01}0.76}2.01 | 4.43} 7.00}12.95]15.92}11.00}12.70} 5.70] 1.69}3.70]} 45.08||0ct.}92.5}62.2] 81 | 30
( Altitude 1380! 3]0.00}0.00}0.00 | 0.00} 0.00| 0.15| 0.00}| 0.07} 0.00} 0.00}0.0040.00} 5.93}|Jan.|89.6]67.8] 94 | 55
A : TULT 110.04]/0.06]0.13 | 1.09] 2.62} 3.39| 3.81] 3.14} 2.54{ 0.80f{0.13}0.17} 17.92}|lu1.|75.8141.9] 81 | 35 [1954-61 {1954-61
33-1961( {Lat. 21023'S. Long. 28959'E. 2l0.4110.30{1.43 | 4.81) 6.27} 9.12{12.73} 9.19} 8.70% 4.72}1.001.42} 32.51{i0ct.{89.8{61.2] 73 | 32
Altitude 2510! 310.00{0.00{0.00 | 0.00} 0.15} 0.00{ 0.14] 0.00} 0.00} 0.00}0.00}{0.00 5.67iJan. 86.4164.31 92 | 51
' ( © BULAWAYO 110.03{0.03]0.16 | 0.92 3.34' 5.06f 5.64} 4.241 3.11f 0.78{0.36{0.07 | 23.74fJul. |69.8{44.6] 71 ) 29 [1936-56 {1936-56°
96-1956( |Lat. 20009'S. Long. 280°37'E. 210.8610.47}1.91 | 4.57| 9.48]13.37] 12.72|14.47} 5.94) 4.6213.5411.27] 47.33}i0ct.|85.1}59.6} 68 | 28 |
( Altitude 4405" 310.0010.00{0.00 | 0.00| 0.16} 0.12| 0.00{ 0.00} 0.05} 0.00{0.000.00| 7.85|Jan.|80.1}61.2} 90 | 55
( CHIRUNDU 110.00{0.00}0.00 { 0.47} 2 84} 6 - | |
o4 . . . AT1 2.79) 5.84} 6.95]1 5.751 3.28] 0.63}0.0010.07| 25.78}|Jul. }82.7}{51.8] 80 | 34 |1951-61 {1951-61
years ( |Lat. 16°OO'§- Long. 28954'E. 210.04}0.05{0.01 | 3.57) T.12] 9.90}11.67}11.20}11.85{ 2.75{0.06{0.95 - {0ct.98.9}73.0] 55 | 25
( Altitude 1295¢ 310.0010.00}0.00 | 0.00| 0.65{ 0.84} 1.72| 0.29} 0.00| 0.00}0.00{0.00f - [lJan.188.4}71.1]1 95 | 62
55~-1960 INYANGANT "B" 111.60)1.71]2.77 | 6.01}11.11{23.85}22.79]20.72{11.12} 9.0012.09{3.01 |115.78}Jul. |72.1151.1 Not 195361 -
'53-1964( Lat. 18°20'S. Long. 32055'E. 212.8514.53]7.46 110.92{19.11{32.78139.2633.38}27.26{17.90(5.24 |5.64 {160.83{0ct. |83.3}59.9] Recorded '
( Altitude 34501 3(0.0310.42}0.00 | 0.30} 4.08]11.39{| 4.13]12.28] 3.64| 1.4310.150.72 | 70.48{Jan. {81.4]64.0 -
131-1960 BEIT BRIDGE r 0.0710.03]0.27 | 0.81] 1.65| 2.51§ 3.36] 1.99} 1.57} 0.67[0.1610.18 | 13.27}Jul. }77.9 46.1"77 "33 1951-61 195161
,21_1953( Lat. 22013'S. Long. 30°00'E. 211.23]0.6413.03 | 4.20| 6.78] 8.31[17.80] 5.41] 6.18} 4.04}2.30[1.50 | 25.19]0ct. |90.3}66.4] 68 } 33
( Altitude 1500° 3 .0010.00{0.00 } 0.00{ 0.00| 0.12} 0.00} 0.00{ 0.00} 0.00}0.00(0.00 | 4.32}Jan. [89.7169.8] 83 } 46




/ . Sheet 2.
Period used R A I N F) AL L Mean Mean | Mean R.H. Period Used.
for PLACE - op
Rainfall _ July; Aug. {Sept.|{Oct. |Nov. |Dec. {Jan. |Feb. |March|Apr.{May |June | Year Max. Min. | 0600 1400 {Extremes R.He
1925-1955 BIKITA 1 10.69 0.55 6.51 1.16} 4.251 7.26f 8.59] 7.64] 7.16}1.79 0;76 1.05 | 41.41 [}Jul. [69.6|49.4 Not 1933-49 -
1 196 Lat. 20°08'S. Long. 31°00'E. | 2 }2.06[2.24} 2.,17|5.75)11.08]|21.38} 27.31}{23.47}15.73/5.08[ 2.70}6.71 | 75.45 {|Oct. |84.4]62.0 | Recorded
925-1963 ( Altitude 3190! 3 10.00j 0.00 O{OO 0.00; 0.39] 0.11}.2.01} 0.00] 0.70}0.00{0.00}0.00 | 26¢31 || Jan. |81.5}64.3 -
1955-1961 CHISENGU 1 1113} 1.36f 1.54}2.16) 4.23{11.3T7}  8.23} 9.49] 7.29 3.00 0.9113.18 | 53.89 }{ Jul. 62.3 42.7 76 52 1955-61 | 195561
- “lLat. 19954'S. Long. 32°53'E. . _ Oct. {74.7i56.4 T0 5
- Altitude 4865 | nor AVAILABLE Jan. [72.7!58.2| 89 | 75
1926-1955 DETT 1 10,00} 0.01] 0.0T{0.T9] 2.63} 5.26f 6.82; 5.49t 3.32}0.99;0.22]0.01 | 25.61 | Jul. }75.8[38.3 76 28 1951-61 | 195161
1926-1963 ({Lat. 18943's. Long. 26956 E. | 2 |0.02] 0.32] 1.26]4.10! 6.31114.82; 21,23} 16.38] 11.06{4.52} 1.6510.17 | 39.01 || Oct. {91.6}61.6 64 26 i
3 ( Altitude 3532! 3 }0.00| 0.00{ 0.00{0.00! 0.541 0.24f 2.20 0.39r 0.00]0.00{ 0.0010,00 | 14.21 | Jan. !82.9]63.9 92 59 i _
1904-1955 ENKELDOORN 1 10.07 0.06} 0.22 1.26; 3.81 6.33M:7.62 5381 3.7210.7710.21{0.12 29.57[ Jul. 167.6143.2 88 Y ! 1957-61 | 1957-€1
1904-1962 ( Lat. 19°902'S. Long. 30953'E. ] 2 {0.53]0.63]| 1.23]7.66! 9.74115.39}23.42}12.12§ 13.94}3.48} 1.65{1.17 | 60.02 |1 Oct. [82.5]56.1 19 33 l
204- ( "~ Altitude 4830 3 j0.00 0.00 0.00i0.00! 0.24} 0.00! 0.29}. 0.09} 0.02}0.00{ 0.00{0.00 | 13.61 |{Jan. |78.3]5%.6 92 56 !
1898-1953 GWELO 1 10.0310.05} 0.2040.85| 3.80f 5.99] 5.92] 5.46[ 3.42{0.7510.29/0.10 ! 26.86 || Jul. [68.2739.2 | 81 | 33 | 1951-61 | 1951-61
1898-1963 (|Lat. 19027'S. Long. 29051'E. | 2 10.17{ 1.79| 1.56|5.51| 9.80115.58] 13.55 13,26} 14.17!3.55! 2.16{2.42 | 47.21 {}oct. {83.4l56.2| 75 | 32
| q Altitude 4688' 3 10.00 0.00} 0.00{0.00! 0.18] 0.25!' 0.46] 0.07F 0.16{0.000.0040.00 | 11,61 |{Jan. {77.8{59.3{ 93 : 59
MELSET'TER 1 10.76 0.48] 0.4911.26} 4.50} 7.80 10.851 8.26; 7.26}11.93} 1.03]0.84 | 45.46 Jul.g : - -
1899-1955 (|Lat. 19°49'S. Long. 32952'E, | 2 |3.00| 3.38} 3.21}4.53110.64}20.91}35.07}29.39} 18.89]6.48} 3.25{3.66-1102.08 {!10ct. Not Recorded
( Altitude 4820 3 10.00{ 0.00{ 0.00;0.00| 0.22| 0.85% 1.83f 0.69} 0.7010.00}{0.02}0.00 23.72} Jan.) : .
( ‘ UMVUKWES 1 10.0310.04} 0.1110.57} 4.00} 7.88 8.02ﬁ 6.60¢ 5.97]1.06[0.19§0.03 | 34.50 {{Jul. | 68.3143.2 | 87 | 38 1962  — . 1964
1926-1956 ( Lat. 17°00'S. Long. 30°53 'E.} 2 10.21] 1.16) 0.75}4.70] 9.11}14.79]| 14.10}15.524+14.0413.67} 1.13]0.19 | 53.37 {}Oct. 183.8}57.1 73 29 only
( Altitude 4820! 3 10.00} 0.00| 0.00;0.00} 1.48] 0.00} 1.51 Or68; 0.07{0.00}0.00}0.00 | 17.86 || Jan. |75.6]559.9 98 ‘ 68
NOTES ¢ (a) 1 = Mean monthly and mean annual rainfall "
= Highest rainfall in any one month and highqstAtotal rainfall in any one year.
= Lowest rainfall in any one month and 1owes?‘total rainfall in any one year.
(b) R.H. = Relative humidity. '
. {
(¢) Rainfall given in inches. ' ‘~
I
e e




