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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




3.

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

/!







