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PREFACE

1t is only in relatively recent years that soil and ecological surveys have become
accepted as a necessary preliminary to agricultural development. Even in Britain
and the United States, surveys of this nature have still reached only their early
stages. In Nyasaland the first attempt at soil survey was made in 1828 by A. J. W,
Hornby and others, and this was a preliminary account of the s0ils which could not
prétend to much detailed invesbigation. No work on this subject was able to be
done during the war, but various lines have been followed up since then. The
principal work was done by G. Jackson, who was able to carry out mvestigations in
all parts of the country. This work was done principally on an ecological basis
supplermented by some work on the soils, using the methods developed in Northern
Rhodesia by C. G. Trapnell. In addition to this a number of local surveys were
made which had the object of planning for resettlement and development schiemnes.
Many thousands of soil analyses have also been made, either for advisory purposes or
in connection with fertilizer experiments which have been laid out all aver the country.

In these ways, knowledge of a number of lecal soils and of their agricultaral
properties has been acquired without any framework to which this ¢ould be related
and by means of which it could be extended. The need was therelore felt for a
survey which would have as its object the assessment of the total agricudtural re-
sourees of the country and the mapping of the distribution of these Tesources. - This
would provide a bass for cropping programimes, farm planning and other aspects
of agricultural development, both on a national and on a local scale. It womld
also put on 2 permanent record the local knowledge oi the district officers and provide
a co-ordinating framework for research and experimental work.

Nyasaland is entirely dependent on agnculture for its respurces and il these
are to be ncreased and developed there is no doubt of the need for a broad approach
to these problems. A narrowly based investjmation which is confined to problemns
that are purely local in importance frequently tends to beget other problems and sa,
in the Jong run, greatly increases the amount of research work requirecd.

The authors, it their introduction to this survey, say thev intend it not only
as a guide for agricultural development, but also as a seientific account of the area.
The proof that these two aims need not be incompatible is shown by a study of the
text, and it will be seen that both these objectives have been snccesefully achieved.
Unless an investigation of this nature is undertaken with the consideration of all
the environmental [eatures, there can he nmo sound basis for proper agricultural

planning.

This is the first section of a survey which is intended fo cover the whole of
Nyasaland in three parts. The work mvolved for the central part of Nvasaland is
largely completed and publication will follow in a short time. A certain amount
of the investigational work for the Southern Province has already Deen done and this
Ainal part will follow at a later date. The authors are to he vongratulated on the
amonnt of work that has been achieved in the time available. It was necessary to
study and collate a mass of information that had been accuranlatzd in the past,
but the greater part of the information now recorded bas been coilected as a resuit
of extensive journeys in the field.

There have been many attempts to find mineral wealth in Nvasaland, and
though a nomber of valuable minerals have been found, so far there have been good
economic reasons why these could not be developed. So farascan be seen, the firture
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pmsperity of Nyasaland depends on developing its agriculfural resources 1o the

maxirmum. Unless this can be done, there is no possibility of a substantial increase
in the standard of living, There is reason to believe that the farmers of Nyasaland
have never been so interested in development as they are today. It is, therefore,
most important that such development should be planmed to make the best possible
use of the financial resources of the country so that they ghall he developed to the

full and not be wasted.
i believe that this bulletin makes an important contribution to these obiectives.

S. T. HOYLE, O.B.E.

26th November, 1061 Chief Agricwliural Research Qfficer
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INTRODUCTION

This survey attempts to serve both. practical and scientific purposes.  Firstly,
it is hoped that it will be of assistance in the planning of agricultural development.
Secondly, it is intended as a contribution to regional geography.

The first part of the bulletin gives an account of the physical environment of
northern Nyasaland, together with an outline of its present-day agriculture. This
is intended to provide a factual basis for overall agricultural planning, and to serve
as a framework for research. The second part summarizes existing knowledge
of the soils, and their potentialities for agricultural utilization, in gach part of this
area. It is designed to be of assistance in local agricultural development, on the
scale of individual farms or village land holdings.

In describing the environment, the geographical approach has been adopted.
Emphasis is placed upon the inter-relationships of the varicus factors and the
distributions of each of them are discussed from a causal point of view. Itiscontended
that this appreach, which emphasizes the essential unity of the environment, 15 one
that is necessary in all types of planning which invelve a medification of pre-existing
conditions in the landscape, whether these conditions are natural or whether they
vesult in part from human occupation.

The survey covers that part of Nyasaland lying north of latitude 12° south.
This comprises the Karonga, Nyika, and Nkata Bay sheets of the topographic map
on a scale of 1:250,000, produced by the Federal Department of Surveys, Salisbury.
It does not therefore cover the whole of the Northern Province of Nyasaland, the
southern part of Mzimba District being omitted, The latter will be included in a
survey of central Nyasaland which is in course of preparation.

Arrangement of the bulletin

Part One contains a systematic account of the physical environment of the
whole of the area, and of its agriculture. In order to give cohesion to this account,
the soil has been taken as a focal pomt. Consequently in chapters I-111, emphasis
has been placed on those aspects of the factors under discussion wlhich have the
greatest effects on soil formation, and each chapter includes a discussion of these
influences. Chapter IV is an account of the soils themselves, considered from a
genetic point of view. An attempt is made to assess the relative importance of the
various environmental factors in producing the observed distribution of soil types.
Chapter V describes the apricultural and non-agricultural uses that are made ot
these soils at the present time.

This part of the survey is summarized in the Map of Natural Regions end Areas,
on a scale of 1:500,000 (in pocket at back cover). The major divisions of the landscape
are termed natural regions, and their cub-divisions natwral areas. The key to the
map shows. in tabular form the principal environmental conditionz of the natura:
areas; chapter VI outlines the characteristics which give unity to each of the matural
regions. In the text, the regions and areas shown on this map are referred to by their

numbers, e.g. the Misukn Hills (3], the platean remnants of the North Vipya (13a).

Part Two gives an account of the soél series that have been identified, together
with the present knowledge of their agronomic characteristics. In a Teconnalssance
survey of this nature if is not possible to produce a map showing in detail the distr-
bution of soil series, which is ideally what is Tequired for agricultural planning.
Consequently the method that has been adopted is as follows. Tor each natural
area, the soil series that are known or believed to occur within it are given in the
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key to the map of natural regions and areas, Chapter VIII contains a key, somewhat
sirilar o a botanical key for the identification of plant species, by means of which
the serjes to which an observed soil belongs can be determined. Chapter 1X includes
a definition and description of each series, together with a summary ol the resulis
of agronomic work carried out upon it. The secticns on agronomy reler not only
to the soil itself, but to the environmental conditions under which it oceurs. The
means by which this Part may be used in connection with Jocal agricultural planning
is given on pp 65-66 below. .

Method of survey -

‘The field survey consisted of observations of fwo types. Firsthy, soi} profile
descriptions were made at representative sites, together with accounts of the soil

avent materjals, landforms, vegetation, and agriculture of the sirrounding areas.
Secondly, mmile-by-mile notes were made along the great majority of reads and
motorable tracks, comprising a continuous record of altitude, together with such
ohservations of the environment as could be made {rom a moving vehicle, e.g. nature
of landforms, predominant slope angles, local range of relief ; vegetation physiognomy,
deininant and characteristic tree species; topseil colour, sandiness, and stoniness.;
cubsoil colour as observed in cuttings and termite mounds; and the proporiion of
tand under cultivation. The majority of the soil profiles were sampled from all
herizons, apd mechanical analyses and pll measurenients were subsequently made.
After the determination of soil saries, full chemical analvses of representative profiles
were carried out. ' _

The mapping was based on sterzostopic examipation of more than 3,000 awr
photographs, on scales of 1:20,000 and 1:40,000. Boundaries were drawn directly
npon these (sez p. 56 below), and in addifion the rivers, roads, and tracks were marked,
Strips were constructed from these photographs, and these were pantographically
rednced fo a scale of approximately 1:120,000. The boundaries were then transferred
to the 1:250,000 map by the follawing means, Control points, e.g. river confiuences,
bridges, identifiable on both the strip and the map, were selected: where possible
these were at intervals of the order of 20 miles apart. The distances between cot-
responding controt points on the strip and map were measured, and their ratio found.
The bounpdaries were then transferred by setting a sketchmaster 1o this.ratio and
placing the control points in their correct positions. The boundaries shown,on
the map of natural regions and areas, on a scale of 1:500,000, therefore Tepresent a
reduction of either 12 or 25 times from the scale at which the mapping was mitially
carried out,

The soil series having been determined, all land on which agronomic experimental
work had been carried out was identified as to series. The results of thesze experiments,
including many carred out prior to the survey, were then re-assessed in relation to
soil series. :

It should be empliasized that this survey provides only a starting point in the
investigation of the natural environment and agricultural potentialities of northern
Nyasaland. It is desirable that it should be {ollowed by more detailed studies, and 1t
particular by systematic soil mapping on a scale of 1:50,000. Much also remains
to be done in the field of agronomic work, and the accounts of this given in Part
Twe should be taken as an interim statement of progress, the contlusions from
which are liable to modification from future work. .

The wide variety of conditions found within a small area makes Nvasaland-an
ideal country for the investigation of geographical relationships and agricultural
problems in tropical Africa. Agriculturally, it 1s potentially a rich country; scienti~
fically, it is a complex but rewarding one. e
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Part One

THE PHYSICAL ENVIRONMENT




CHAPTER T
GEOLOGY AND GEOMORPHOLOGY

GEOLOGY

Detailed geological mapring has been carrjed out for only smali areas of northers
Nvasaland. These comprise two coal-fields b 2, a belt along the Karonga lake shore
1'% and the Mafingi Mountains  ¢; in addition, a less detailed survey of the Upper
South Rukuru Valiey hasbeenmade?®.  For the greater part of the area, however, 1t is
necessary to rely on reconnalssance accounts.  The first description was given In
1910 8, and fromw 1923 onwards a anmber of records have been published in fhe
Anmmal Reports of the Geological Survey Department of Nyasaland. A summary,
together with a complete bibligraphy, as been given by Cooper ¥. The folowing
account s based partly on these sources, and partly on unpublished information
supphied by the Genlogical Survey Department.

Geological succession (map 1}

1. The Busement Complex. A latge proportion of the area is sccupled by
ancient metamorphic and igneons rocks forming part of the Precambrian shield which
underlies muck of southern Africa. Four sub-divisions may be distinguished:

2. Undifferentiated Basement Complex. This group, formerly referred to as
the Mozambique Serjes, is characterized by strike directions within 30" of north—soutl,
and by a high grade of metamorphism.  Gneisses form the majority of the rocks,
with hornblende-biotite-gneiss the commonest type.

5. The Mafingi System. This s distinguishable from the previous gronp on the
basiz of lithology, and is also probably of younger age. The rocks are lightly meta-
morphosed, schists predominate over gneisses, and quartzites and quartz reefs are
common. Apart from the iype area in the Mafingi Hills, the extent of the system
has mot been fully determined. It occors at Livingstonia, and iorms the scarp
which bounds the Nyika Platean to the north-west (9b); on map I a section of the
aronga Scarp Zone has been tentatively assigned to this system on the basis of
photo-interpretation, without field examination.

c. The Misuku Serjes. This comprises rocks with strike directions between
narthowest and west-north-west, and cccupies the northern section of the Province.
Gneisees, schists and quartzites arc present.

d. Igneous intrusions. A large pranite mass forms the majority of the Nyika
Plateau and the hills to the south of it: in its typical form it is a medium-gramed
biotite-granite, with Jarge quartz phenocrysts. A second large granitic intrusion Bes
north-west of the Nyika, and a pumber of smaller granitic and syenitic bodies also
GCCUr,

5. The Karvoo System. The most extensive outcrops of sedimentary rocks are
thoze of Karmoo {Pemian-Rhaetic] age. They comprise sandstones, siltstones, and
mudstones, in which a number of coal seams OCCUL. At Livingstonia they form a
capping overlying the Mafingi System, North of this they outcrop north-west of
Florence Bay (6k), m a northesouth belt crossing the North Rakuru 11 miles west of
Karonga {5c), and adjacent to the Songwe {37). A further belt occurs along the middie
course of the North Rukur (5cy; the extent of this helt indicated on map I is deter-

mined from photo-intérpretation.
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3. Cretacoous. fI‘G the west of the Karonga Lake Shore Plain, zandstones of
Cretaceous age, the Dinosaur Beds, outerop in a series of narrow, discontinuous belts
yunning paraliel to the present shoreline.

4. Tertiary and Pleistocene. Sandstones and other sedimentary rocks of these
ages ocour as raised beach deposits at a number of places on the Karonga Lake Shore
Plain. They comprise the Sungwa, Chiwendo and Chitimwe Beds®. Sandstones are
also found on parts of the Nkata Bay Lake Shore Lowlands, but their age and extent
are not known.

5 Recent. Alluvium forms ihe flood-plains and terraces along many parts of
the larger rivers. The most extensive belt of these is along the South Frukura,
extending up the Luwewe, Kasitu, and a number of smaller tributaries. Proad areas
of heavy-textured alluvium oceur in the Vwaza Marsh {11d) and the Limpasa Dambo
(21f). The Karonga Lake Shore Plain is formed principally of river-borne alluvium
i1 which the fine sand fraction is usually dominant. Areas formed of sands deposited
by lacustrine processes also oceur along the lake shore.

Soil parent materials

Within any limited range of topographic and climatic conditions, parent material
may exercise a dominant effect on soil formation. It is a factor which tends to be
of greatest importance in detailed soil surveys of small extent, In Nyasaland the
largest area in which other environmental conditions ate relatively unilorm consists
of the plains at 3,400-4,400 ft,, with a rainfall of 3045 ms. per annum; many of the
considerahle variations in soil type which occur within this area are caused by parent
material differences. The principal soil-lorming properties of the rock types met with
in northern Nyasaland are as follows:

1. Igneous and melanor phic yo0RS. In respect of soil formation, metamorphic
rocks in which recrystallization has occurred may ba considered jointly with igneous
rocks. The most important seil-forming property of both groups is their relative
proportions of quartz, {eldspars, and ferromagnesian minerals.

Quartz is not subject to chemiral weathering, therefore quartzites, which consist
Jargely of this mineral, can give rise only o thin, stony soils, Cuartz vems remain in
the soil profile as stone lines; thess are cOmmon on steep slopes, where downhill seil
mevement concentrates the quartz fragments at a depth varying from 1-3 ft., by a
process which is not fully explained.

Acid ipneous and metamorphic rocks conlain free quartz, but few or no ierro-
magnesian minerals. They are pala in colour, and inclnde granites and granitic
rmeisses, LThey have a relatively low content of weatherable minerals, and are
normally associated with strongly leached, poorly struetured soils, often sandy and of
low fertility. Very low values of base saturation are commonly found in these soils.

Intermediate rocks have a small proportion of free quartz, and a Jow to moderate
content of ferromagnesian minerals.  Many hormblende- and biotite-gneisses fall in
this group. In appearimce the black ferromagnesian minerals typically stand out
against a matrix of grey, white, ot pinkish feldspars. These rocks permit “ normal
climatically-deterrnined. soils to develop.

Basic igneous and metamorphic rocks consist predominantly of ferromagnesian
minerals, and are dark or black in colour. They ate of restocted distribution in the
area surveyed. Having a high content of weatherable ninerals they are normally
associated with weally leached, strongly structured solls, of moderate or high fertility.

A second, less important, soil-forming property of crystalline rocks 1s the grain-
size of the quartz minerals that they contain. This directly determines whether fine
or coarse sand predominates in the sand fraction of the soil.
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.. 2. Sedimentary rocks. These have already undergone one cyele of weathering,
prior to deposition. They therefore have a low content of weatherable minerals, and
ténd to influence soils in a similar way to acid igneous rocks, producing strongly
leaghed soils. The degree of compaction and cementation, which usnally varies with
age, is an important property. The older sedimentary beds, these of Karroo and
Crétaceons age, are hard an strongly cemented, and tend to give rise to thin, stony
s6ils. The Tertiary and Pleistocene beds break down more readily into their
component grains, and normally form very zandy soils.

. 3. Superfical deposits.  The alluvium af the Karonga Lake Shore Plain, and
of the terraces of the South Rukuru, Kasity, and Upper Lufira, is in many respects
similar. Depesitional bedding occurs, giving sharp changes of texture in the soil;
beds of clay are common, resulting in impeded profile drainage, whilst beds of almost
3 pure coarse sand are aiso found. Two characteristic features-of the Karonga lake
* shore alluvium are the predominance of fine sand, and the presence of abundant
" muscovite {white mica),

; Alluvial clays become deposited in still water on level ground. The resulting
' combination of poor drainage both of the site and within the profile causes black
. colours or mottling to occur in all liorizons of the seil,

: Lacustrfnﬁ sands are composed very largely of quartz orains, and are therelore
“ almost unaffected by pedogenic processes.  Affer they have bean depesited for a
. period of tire, however; they acquire-a’ vegetation cover and an admixture of wind-

. blown finer ‘material. The resulting. soils have verv rapid permeability, causing
- excessive profile dramage and high acidity.

GEOMORPHOLOGY

A complete account of the geomorphology of an area inchides both a description
of the landforms present, and an explanation of how these forms orginated, in so far as
there is evidence of this. Descriptive geomorphology is fundamental to any regional
«tudy, having both direct and indirect effects on climate, vegetation, soils, and
agriculture. It has additional importance in a reconnaissance survey, since landforms
' are the only environmental factor which can be directly observed from air photo-
. zraphs. In the present survey more than 90 per cent. of the boundaries of the map
i of natural regions and areas were initially drawn on the basis of landform differences.
. Explanatory geemorphology, however, iz not essential to the understanding of soils
. and agriculture. Consequently the following aceount will be largely confined to a
" description of the relief, consideration of its origin being mentioned onlv where this
- assists in understanding the nature and distribution of the landionms.

Landforms

"~ Table I gives a classification of the landforims encountered in northern Nyasaland,

ajid map T11 shows their distribution. The primary basis of classification is according
to the predominant slope angles. On this eriterion {our principal groups are dis-
tinguished: depositional plains with almost level constructional surfaces, erosional
plaims with predominantly gentle slopes, dissected areas of moderate slopes, and
steep hill areas. | The first group 15 subdivided into forms due to deposition by rivers
and by Lake Nyasa. The remaning groups are divided according to slope, range of
relief (see notes below table’ I}, drainage density, altitude, and the presence ol
specialized landform types.

L Five disﬁn@tive landform types have been included. Peduments are the gentle
slopes which lead up to the foot.of hills. They are almost invariably present below
hills of all sizes: They typically slope at e 4* hecoming slightly steeper on their
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itpper parts; below large imassifs, such as Mafingi Mountain {4a, <), they are steeper.
At points where streams emerge from the hills, pediments are frequently covered by
slluvial fans. Cuesias, consisting of alternating scarp and dip slopes, occur where
sedimentary beds of varying lithology dip in one direction and have been-partially
bevelled by erosion, This is found on the outcrops of Karroo beds. Broad cuestas,
with long, gentle dip slopes, occur east of Livingstonia, and at the southern end of the
Karroo outerop along the upper North Rukuru (7c). Elsewhere the beds dip steeply
and a micro-cuesta topography restlts, with many closely-spaced, low, steep scarps
and short, moderately steep dip slopes. Areas of very closely spaced dissection consist
of large numbers of narrow, shallow, but moderately stegp-sided gullies, giving a
landscape sometimes referred to as “ badland ” topography. Scarps are long and
-ontinuous steep slopes separating areas of different altitudes. The class of gorges
is used to distinguish the deep and very steep inner valleys which occur on the lower

courses of many of the fvers draining to Lake Nyasa.

“The term * marsh * is used throughout this memoir to describe the type of area
known in Nyasaland as a dambo, a wond common to both the Nyanja and Tumbuka
languages. lhese gcour along most valley floors, ranging from narrow belts along
emall streams to broad fiood-plains of major rvers, and alse as extensive areas on
level ground. A dembo becomes waterlogged, with periedic flooding, during the rains,
but dries out in the latter part of the dry season; it carries a vegation of tall grass,
without trees. Permanently waterlogged marshes, with a vegetation of reeds, are
considerably less extensive. '

In relation to arable use, landform classes 1, 2, 7b, 8b, and 11 mainly have a
relatively high agricultural potential, classes 8, 6, and §a are of maderate or low
potential, and the remalning classes are snsuitable for cultivation. Classes 7b and 8b
are particularty suitable for forestry

Major reliel units

‘The five major relief units which may be distingmished are shown m map IV.
These are distinctive from each other on the basis both of altitude, and of the pre-
dominance within them of particular landforms. They will be discussed in descending
arder of altitude

1. The High Pluleaus. A series of high-altitude plateaux oceur, whicl have
many environmental chatacteristics in common.  They lie mainly above 8,000 it.
(invariably above 5,000 it.) and in every case Liave an arca of gentle ot moderate
slopes on their crests, bounded by steep slopes, either scarps or deeply dissected zones,
on alt sides. The two most extensive are the Nyika Plateau (8) and the High Vipya
Platean between Mznzi and Mzimba (19 a, b). Both ol these inchude firstly, arcas of
gently undulating relief. with very broad, smouthly convex interfiuves and wide
marshy areas in the valley floors (Ra, 19a); and secondly, areas of moderate slopes
and a greater range of relief, but in which broad convexities are again characteristic
(8, 19b) {sz¢ fig. la}. The smaller plateanx resemble these latter areas, having
moderate slopes.  They include an area north-cast of Pirewombe Iill (4b); the
Mafingi Plateau (4a); in the Misukn Hills, Windindi and Mugesse Ridges, together
with a smmaller area north-sast of Mugesse (8¢); two outliers of the Nyika, to the north
a small platean which inchades Kawozya and Mpanda Hills, and to the south Nkonjera
Hill (8b, 4); and the platean remnants of the North Vipya (13a}. A number of other
hills and ridges, for example Msissi Hill, reach up to the altitude of these plateaux but

have only narrow crests.

I¢ is probable that these plateaux are remnavis of a former erosion sutface of
considerable age. Similar features occur in central and southern Nyasaland, for
example the Dedza, Mlanje, and Zomba massifs, By analogy with these, the most
probable date at which this surface was initially formed. is end-Jurassic or -early
Cretaceonst®, '
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w11 High-Altitude Hill Zones. This unit comprises all steeply sloping land
vhich rises above the Mid-Tertiary Surface (see below); it falls principally within the
altitude range 4,000-6,000 ft. It includes the scarps and scarp zones of the high

plateaux, together with seven extensive hill areas.

The Misuku Hills (3a, b, d) consist mainly of high ridges aligned south-east and
east-south-east, following the strike of the Misuku Series rocks. These are separated
by deep, steep, V-shaped valleys; the range of relief exceeds 1,000 ft. in many places,
particularly in the south-western sector (3d). A long high scarp (3{) bounds them to
the south-west. In the Ruwenya Hills {1}, and also in the hills immediately west of
the Misukn (3e), structural contrel is less strong, and massive forms as well as ridges
oceur, The hills of the Upper Lufira (4d, ¢ are sitnated partly on granitic introsive
rocks; high, massive hills of irregular shape are characteristic

The Nyika Plateau is bounded partly by scarps and partly by hill zones. North-
west and south-east of it are two parallel scarps (§b) orentated north-north-east ;
to the north-east a third linear scarp follows the north-north-westerly orientation of
the landforms of the ¥aronga Scarp Zone. These three leatures follow structural
trends, either faults or strike directions, A fourth scarp, north of the plateau, ts
irregular in plan. Immediately south of the plateay i= an area in which the range of
relief is highish but slopes are moderate (9a). The main area of the South Nyika
Hills (9d) however, has steep slopes; their most southerly part consists of high,
massive ndges, broken by the gorge of the Senth Rulure at Rumpi, and by wind-gaps
at two points further south. In the East Nyika Hills (9¢] extremely deep valleys
separated by narrew-crested ridges are characteristic.

The Livingstonia Hibs (10} and the North ¥ipya Hills (18) have the form of a
dissected platean, with a moderate unilormity af crest heights in many paris;
they include valleys descendmg below 3,000 it., cut by rivers drainipg direct to Lake
Nyasa. Uzumara, Ngunikira, Chimaliro, and scveral smaller hills [18b) 115 above
the platean level. The southern extension of this area is a massive ridge adjacent to
the lake shore, the Kandoli Hills {13¢). The Central Mzimba Hills {17) contrast with
with the preceding areas in having oniy o moderate range of relief; they consist of a
dissecterd aten extending north—south along the South Rukun-Kasitu watershed.
The Vipya Plateau is bounded to the west by o high scarp (18d) overlooking the
‘Kasitu Valley. The high western part of the Vipya is separated from the lower
eastern part by the Mid-Vipya Scarp (19e); this is of moderate beight and
steepness, with a north-south fitear Torm, offset by two miles in the centre in 4 manney
which suggests a fault origin. ’

TII. The Mid-Tertiary Surface. The majority of agriculturally valhable land
i1 Northern Province oceuts on a group of plains and dissected plains in its western
half. These lies in the altitnde range 3,400-4400 ft. They form part of the most
extensive erosion surface found in Southern Aflrica, which is considered to have been
initially formed in the Mid-Tertiary.

The Fort Hill Plain (2) lies miainly at 4, 1004 800 ft_, {alling to 3,600 ft. close to
the Songwe. Its main area {Za) is very gently npdulating, consisting of bread valleys
with 1°-2° sides and with wide marshy areas in their floors (fig. 1b). The Luwewe '
Plain {11}, part of which is known as the Nlamanga Plain, is almost level, and river
courses on it are changeable; it lies at 3,400-4,000 1t., and includes the Vwaza Marsh
{I1d}. Between these two plainsa number of smaller nearly level areas occur, west of
the Nyika {7a); these are parts of an extensive plain, at an attitnde of 4,100-4,400 ft.,

~which ils-'ma;'nly-dgveloped in Northern Rhodesia.

. Thelargest part of the Mid-Tertiary Surface is associated with the South Rukuru
and its tributaries. . In the southern part of the Upper South Rukure Valley (18c,
d, ) the interfluves consist of two sectidrs: level crest areas, often of considerable
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width, separated by a distinct change of slope-angle from valley sides of 2°-4° (see
fig. 1c}. In the northern part of this basin, slopes are predominantly 1°-2°, and the
landforms resemble those of the Fort Hill Plain. The Lower South Rukuru Valley
incindes a mumber of level surface-remmants {12¢], including the Chazgama Plain. ~
Along this part of the South Rukuru, between Rumpi and the Pwezi Rapids, there
dceurs a characteristic landform assemblage, which is found also along the Lower
Kasitu, Luvirl and Mwazisi Rivers ffig. 1d}). The valley floors have level, marshy
flood-plains, togettier with low, Jevel terraces (12a); at the margins of these, forming
the lower valley sides, are pediments, sloping evenly towards the valley centres at
2";" (12h), Above the pediments, steep hills or scarps bound the valleys on both
sides. '

The Middle Kasita Valley (15) and Upper Kasitu Valley (18) are less gently
sloping than the preceding areas. Tributary streams dissect them to the dépths i
100-300 {t., and slopes at all angles up to 107 are common. S

The lower, eastern part of the Vipya Plateau (19c), which includes the site of
Mzuzu, lies mainly at 4,100-4,500 ft., and on the basis of altitude it is included with
the Mid-Tertiary Surface on map IV. Its position with respect to the Mid-Vipya
Scarp (19e, seeabove} and to the Rift Valley suggesis, however, that genetically it may
be a downfaulted sector of the High FlateauX. An inaccessible plateau remuant of
moderate size (20d) occurs south-east of the Vipya.

1V, The Riff Valley Scarp Zone. This consists of hilly country lying east i the
preceding relief units, ind assovjated with the rift fanlting which gave Tise to the
Lake Nyasa trough. 1t descends to the leve] of the lake surface, 1,550 ft., and rises in
parts above 4,000 t. Three sectors may be distinguished, the divisions between them

oceurring at Florence Bay and Xkata Bay.

The northern secior, the Karonga Scarp Zonc {5}, is a belt of rugged couatry 20
riles in width: much of it is very inaccessible. Adjacent to the Lake Shore Plainisa
platean (Ba), the surface of which is broken by pumerouns, sub-parallel, structurally-
cemtrolled ridges. Much of this platean lies at slightly above 2,200 ., but in its
northern part it appears to Tise gradually in height inland, until it cxceeds 3,500 ft.
at its most westerly point. The main part of the zone consists of a deeply dissected
hill area [3d), without well-defined scarps

Between Florence Bay and Nkata Bay the main Rift Valley scarp coincides with
the lake shore, resulting in a markedly linear shoreline (14a). The land falls {rom
4,000 1t. to the lake susface (1,550 ft.) over & distance of 1-2 miles; close to this shore
are the deepest parts of the lake, over 500 [athoms, indicating that the scarp continies
below lake level. In the northern part, the Livingstonia Searp (145), a capping of
Karroo Beds gives a stepped form fo the upper part of the scarp, clearly seen below
Mount Waller. The line of this scarp is centinued inland to the north-north-west for
92 miles (9b}. The southern part of the scarp inchides narTow raiced-heach remnants
{14¢), considerably dissected but contrasting strongly with the very much steeper
slopes of the scarp. These occur at two altitiades, an upper group at 2,300-2,700 ft..
and a lower group, separated irom the present shore by only a nafrow cliff, at 1,800~
1,050 ft. (350400 1t. above lake level). Smmall deltajc alluvial fans occur at the mouths
of all rivers (14d). A feature of interest is Range Point, where a sand bar has extended
from the shoreline to a small hill which was orginally an island, and a large trimngular
area of alluvinm has been deposited behind this bar: the latter is entirely cultivated,
apart from a small marsh.

East of the Vipya Plateau the scatp zone again consists of a broad area of dezply-
dissected country (20). The principal features are the gorges of the Luweya and its
trjbutaries {20b). These are of considerable dimensions, which may be due in part to
the very high discharge of this river system (see helow).
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V. ‘The Laje Shore Plain. This 15 developed I two separate areas, from the
Songwe to Florence Bay, and from Nkata Bay soathwards.

' The Karonga Lake Shore Plain {6) is -5 miles wide in its porthern and central
parts, widening to 12 miiles west of Deep Bay. It includes an nner part, underlain by
Cretaceous, Tertiary and Pleistocene sadiments, and ap outer part formed of Recent
superficial deposits. Within the {armer are rempants of a level raised beach {61},
lying at 1,800-1,900 ft. Tt has been dissected into a series of separate low platean,
but within each of these there are no drainage courses, and the ground is level.
Human artifacts have been found in this area 2. Of greater extent is a belt in which
Cretaceous and Tertiary beds have undergone exceedingly fine-textured dissection
(6i), with numerous closely-spaced guilies. :

" The main part of the plain consists of an almost level depositional surface, at a
height close to that of Lake Nvasa (6a, b, ¢, 4). Itis crossed by rivers flowing irom
the Scarp Zone to the lake. The Banks and beds of these Tivers are cleatly defined but
valleys are absent, the 10ps of tlie banks being at the level of the plain, In times of
flood the capacity of these beds i exceeded: partsof the plain become inundated, and
ihe load of the rivers is deposited. For example, soil profiles one mile north of
Karonga show # ft. of sand overlying the original surface, deposited during recent
Aooding.

{ acusirne deposition 15 o second process by which the area of the plain 15 eX-
tended. On Lake Nyasa the prevalent winds are from the south-east (ses fig. 2], and
+his is also the direction of greatest fetcl; conseguenthy sand-movement along the
chore is towards the morth and north-west. O the main, north-nerth-westerly
orientated, part of the shore, sandepits have been buillt; this has enclosed o series of
marshes, together with Mlall and Chiwondo Lagoons. At Florence Bay, Young's
Bay, and adjacent to the Songwe, parts of the shore Tace south-east. Here the shore
is Deing built forward by the deposition of sand bars; adjucent to the Sopgwe 11 bars.
with intervening paraliel linear depresaions, are crossed on 2 traverse from the shore
nland.

The Nkata Bay Lake Shore Lowlands {21 are a belt of dissected conniry, with a
zeneral clevation of 1.700=2 000 it., broken into hwoe parts Iy the broad marshy area
of the Limpasa Dambo. The castern sector (211) has both moderate and gentle
slopes. Vor cight miles southwards from Nkata Bay it s separated from the shore by 2
cliff sloping at 354", South of Chinteche 1his scotor is separated from the Limpasa
Dambo by a low but steep west-Tacing scarp, to the cast of which the pround slopes
down gently to the lnke. Between Mankhambira and Chinteche, and again seuth o
Tandawe, the shore faces sonth-cast, and zones of sand lars and enclosed marshes
DOCIAT.

Inland of the Limpass Dambo slopes are steeper, but yelief in mmost parts 18 less
than 200 §t. (21a). Remmants of the surface from which this area has been dissected
are preserved in g number of places (2Ic, 4, g). A fuller account of the relief of this
sone has been given elsewhere!®,

Tha Limpasa Dambo (21g) is a north-south depression, the line of which 1=

" continued to the north by the valley of the Chilowina River. Its somthern end is

blocked by a line of sand bars, and it is now entirely infilled with allyvinm, resulting in
a broad marsh. Alluviation exténds up the valleys leading into it in a manner which
snggests that these valieys were eut at a time when the level of Lake Nyasa was tower.
Following the rise in lake Jewel ‘which terminated this stage it is posszible that the
Limpasa Dambp temnporarily became an arn of the lake.

Drainage

. River fiow shows the same fma:l:i,laifi sgﬁsqnal variation as rainfall. Following the
commencement of the tains in December, discharge on the larger rivers increases

" . progressively ta a maximum in ’Fﬂbruary'br'l'r.’[archi ‘the delay with respect tQ the
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rainfall maxfmum is due to the recharging ol depleted groundwater reserves. Flow
remains relatively high in April but falls sharply in May, subsequently declining
progressively of ceasing. On the South Rukuru approximately 75 per cent. of the
mean annual discharge occurs in the four months January to April. On the smaller
fvers flow is erratic, sudden fiash-floods resulting from storms coincident with their
catchment areas. The majority of these streams are dry for five to six months of the
year, although in many cases the water-table remains only a small depth below their
heds, Perennial flow is maintained on the Luweya system, draming an area which
has substantial winter rainfail; on the Songwe; aud on rivers which have major
tributaries rising on the Nyika Platean.

Only a hrief description of the valley forms and hydrology will be given. The
hydrelogy is described in detail in an unpublished report by Pike®, and full records
of flow measurements are contained in the Anmnual Reports of the Nyasaland Water
Development Department. The river systems will be dizcnssed under eight groups;
the catchment areas and principal tribntaries of these are shown on map V, and their
mean anmual discharges are given in tahle 11

TABLE N—RIVER FLOW
With the ese ention of the fgeres for Climsewoeso, which fes n U upper Seuth Rukure, all
the panges shown ard sited rolncively close to1he movths el ers? that on the Hasilu s close to it
confluence with the South Ralanne
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1. The Sowth Rukuru-Rosita Systeme.  The South Rukurs rises in the South
Vipya, and initially flows south-west (south of the area shown on nap V). It then
flows northwards for 70 miles in an asymimetyic position close ta the western margin

of its basin, receiving a series of right-bank tributaries from the Central Mzimba Hills.
The line of this valley is continued north by the counrse of the Luwewe as far as the
Vwaza Marsh: the Luwewe, however, Acwz southwards, and at their confluence the
South Rukarn turns north-eastwards  For 100 miles the gradient of the South Raulkuru
averages 6 ft. per rpile; it flows in o marsh belt with a {airly regular width of mile,
Lake Kazuni being a skightly depressed part of this belt. At Rumpi the river breaks
through a high massive ridge in a spertacular gotge, immediately below which it joins
the Kasitu, The latter river, rising on the Vipya Scarp, follows 2 northerly course,
along most of which it flows in @ marsh helt 300300 yards in width. The combined
Seuth Rukurn-Kasitu, angmented by three major left-bank tributaries from the
Nyika Platean, continues to Aow with o gentle gradient as far as the Pwezi Rapids.
Below these it descends into a deep valley, within which an extremely. steep-sided
gurge OCCUIS Dear its mouth,  The mean gradient over this section of 20 miles is
90 ft. per mile.



The volume of flow is relatively small above the confiuence of the Runyina, and
ceases entirely in the late dry season. The main access of water comes from the
tribntares draining the Nyika; this produces a large total discharge, and maintains
perennial flow over the lower part of its course (sez table 1.

9 The North Ruburw., This rises on the Nyika Flatean and initially flows
south-west with a gentle gradient. It then furns north and enters a gorge section, at
the commencement of which are a series of waterfalls, Tt flows northwards for
40 miles through hilly country, partly along the trongh in which a belt of Karroo
sediments is preserved, before turning east to descend the Karonga Scarp Zone. At
12 miles frorn the lake a flood-plain commences, becorning progressively broader down-
streamn until it merges with the Lake Shore Plain. The large volume of sediment
earried down by the North Rukuru has resulted in a deltaic projection of the shoreline
4t its mouth, immediately north of Karonga, a number of changes in the position of
its channel have occurred in this area. The discharge is high and perennial, due to
its origin on the Nyika Platean.

9. The Lufira. The course of the Lufira s strikingly parallel to that of the
North Rukury, lving approximately 12 miles to the west and north of the latter. A
group of its left-Dank iributaries are cutting below the Fort Hill Plain, and the water-
shed of this system is coincident with the eastward limit of the undissected plain
(2a). The annual discharge iz Jess than half that of the North Rulwuru, and flow ceases
entirely for a short period in some years.

4. The Songwe. This river forms the northern border of Nyasaland, and
receives the majority of its discharge from its left-bank tributaries in Tanganyika.
Tts largest tributary in Nyasaland is the Kaseye: the sluggish streams draining the
Fort Hill Plain join {lis river, which then cuts a deep gorge through the north-western
extension of the Misoku Hills The Songwe-Lufira watershed runs through these
hills. . '

§.. Rivers of the Karonga lake shore. Between Karonga and Florence Bay
7 rivers of moderate size and approximately 12 smaller streams drain north-eastwards
to Lake Nyasa. All of these possess two comtrasted sections: a deeply incised valley
in the Karonga Scarp Zone, from which nearly all their flow is derived, and an alluvial
section, subject to flooding, on the Lake Chore Plain. In table II the Nyungwe is
given as an example of this group, tivis river ceases flow for a third of the year, whilst
the smaller streams remain-dry for at least §ix months.

6. The Novth Rumps. This s the third river system orginating on the Nyika
Platean; and like the Runyina-South Rukura and the North Rukuru its flow is
maintained throughout the year. Its course is incized from the point where it leaves
the Nyika to its mouth, terminating in a deep gorge sirnilar to that of the South
Rukurn. ‘The Manchewe Falls, near Livingstonia, result {rom the recent capture, by
the Manchewe, of the former south-eastward flowing headwaters of the Luwatizi, a
tributary of the North Rumpi.

. 7. The Novth Vipya lake shore vivers. The watershed between the South
Rukuru and drainage direct to Lake Nyasa lies approximately 12 miles from the shore
in this region. Six rivers and many smaller streams flow eastwards in moderately
Jirect courses. Gorge sections oceur, that of the Ruvuo being markedly straight.

" No flow measurements have been made on these rivers.

8. The Luweya system. The whole of the catchment area of this system
receives more thap 50 ins. rainiall, and much of it 60-80 ins. Consequently the dis-
charge of the Luweya considerably exceeds that of all other Nyasaland rivers {sse
table IT). The main river fows north-eastwards in an almeost straight gorge 25 miles
in length, before cutting irregularly eastwards. The Vipya Platean streams drain into
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this systent,” Hhis atershed  with=theKasitn following the crest of the scarp which
bounds 'the plateau on its north-west side (18d), The Chikwina-Limpasa river
eriters the Limpasa Dambo at its northern end, and is joined by the Luweya shortly
before it enters the lake. e )
References
.1 BLoowmpIELD, I, 1957, The geology of the Nkana coalfieid, Karonga Digtrict, Buwll, geol.
Suvr. Nyas. B, 36 pp-
' tCporER, W. G. G, and F. Hapcogb, 1959, The geology of the Livingstonia coalfield,
Dl geol. Swrv. Nyas. 11, §1 PP,
o iImxey, F, 1927 The Tert'ary and post-Tertiary lacustrine sedimenis of the Nyasa Rift-
Valley. Quari. J. geol. Soc. Lond. 83, $22—417. -
’ -
1 Drcev, F., 1028, The Dinosaur Beds of Lake Nyasa. Trans voy. Soc. 5. Afr. 14, K564,
- Prixey, B, (192%). The Mafingi Seres af Northern Nvasaland  Jun. Rafr. geol Sarr, Nvas.
1925, 10-23. Reprinted in Coopey, op. cit. note 9, 32-38.
¢ papeur, P., 1858, The geology of the Mafingi Mountains area of Northern Fhodesia and
vasaland, Trams. geol. Sec. 5. Afr. 62, 159.
7 Reeve, W. H., 19558 The gealogy of part nf the Mzimba and Rumpi Districts, Ref. geoi.
Snrr, Nyas. 2 [new series), 22 pp.
s ANDREW, A. R, and T. E. G Bary, 1910, The geology of Nvasaland. Quart. f. geol. Soc,
Lond., 66, 1RO-251,
s CoorER, W, G, G, 1957, The gealogy and mineral resourees of Nvasaland. Bull geol. Swerv,
Nyas. b, 43 pp. (2nd =day rev.)
W BrLaoMFIELD, M. and A, Younag, THAY The genlogy and geamorphalogy of Aomba Moun-
tain. Neas. J. 14, No. 2, 5180
U pke, ]. G, 1938, A briel nole un the lpper Pleistncene raised beach of the Naorth
Karonga Lake Shore.  Nyas. [ 11, o, 1, 575
VYOUNG, A, [FIG0}. Soll suzveys, Chinyakula—Chomie, Nkatw Bav Dnistrict. Anm, Rep
Dept, Agric. Nyas. Pt TI, 1058/84, 147-140,
1 PrgE, J. G, 1938, Nordlern Nyasaland. 4 regional grographical study with spectal vaference
tor kudrograghv and kydrolugy. Cwciortvled raport, Wat. Dev. Trept, Wyas., &R pp.

Fic. 1. Typical cross-profiles of landforms. a. The Nyika Platean (area 8a). b. The
Fort Hill Plain (area 22). ¢, The southern part of the Upper South Rukum
Valley (area 16c), d. The Lower South Rukurz, Lower Kasitu, Luvir, and

Mwazisi Valleys (areas 12a and 12b).
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CHAPTER II
GLIMATE

Many climatic features, and in particular the seasonal changes, are COmmMon to all
parts of northern Nyasaland, It lies between latitudes 0% and 137 sputh, and approxi-
mately 450 miles from the coast of the Indian Ocean. Consequently, the climate is
continental in character, with a large seasonal variation in temperature; and, in
contrast to Tanganyika and other East African territories situated closer to the
Equator, only a single rainy season is experienced.

During the winter months of the Southern Hemisphere the sub-tropical high
pressure belt covers Southern Africa, with pressure higher over the land than over the
adjacent oceans. Nyasaland is normally covered by a south-casterly air streain,
formed of dry air, of continental origin, with a stable lapse-rate due to its association
with an anticyclonic circulation systemt. Records of wind speed and direction in
July arc shown in fig 2a. Gentle o moderate speeds, of 4-13 knots, predommnate,
with south-easterlv and easterly winds greatly exceeding all others in frequency (the
anompalous directional distribution for Nkata Bay is probably influenced by local
topographic conditions). This anticyclonie system becomes established over Nyasa-
Jand by about May, and persists antil November. In the early part of the period,
temperatures are relatively low. Subsgequently the sun moves southwards, passing
divectly overhead at mud-day during the beginning of November From July to
Vovemnber temperatures rise steadily, but conditions remalin dry

The southward movement of pressure systems lags behind that of the sun, and it
js normally pot until December that the inter-tropical eonvergence zone becomes
established over Nyasaland. This zone is associated with the meeting of air-streams
originating in the sub-tropical high pressure belts of the MNorthern and Southern
Hemispheres. The air-masses within it normally possess unstable Japse rates and a
high relative humidity, resulting in the formation of heavy canvectional storins, The
mean wind speed becomes less than in Tuly, and the direction more varable (fig. 2b}.

As a result of these circulation conditions, three seasons are experienced:
(i) The cool scasen, May to August ; dry, with relatively low ternperatures.

(i) The hot seasoi, September to November; dry, with temperatures pro-
gressively increasing to a maximum 1n November.

{iii) The wet season, December to March or April; hot and wet.

Temperature

Using records from W) stations, sitnated in all three Provinces of Nvasaland, the
following relationship between altitude, latitude and temperatnre has been cbtained:
'1" — Bﬁ = E .l.‘.-.
=S 1000 2

where T—mean annual temperature in degrees fahrenheit, A=altitude in feet, and
I—latitude in degrees. The standard deviation between temperatures obtained from
this formula and observed temperatures is 1.02. This indicates that in two thirds of
all cases the computed values will be correct to within plus or minus 1°, and in @5
_per cent. of cases to withm plus or minus 2°. Map VI has been constructed by this

means: its accuracy is limited primarily by that of the confours.
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Within northern Nyasaland the maxhpum effect of difference in Jatitude on
temperature amounts to only slightly over 17 consequently mean annual temperatnre
varies mainly with altitude, at a rate of 3° per 1,000 ft. Each of the major relief units -
(see pp. 17-20) forms 2 temperature zone. The High Plateaux mainly come within
the range 80°—65°, but those parts of the Nyika lying above 7,000 ft. fall below 607;
an the summit of Nganda Hill, the highest point in northern and central Nyasaland,
the computed mean annual temperature is 55.2°. The Mid-Tertiary Surface, togethey
with hill areas between 3,500 and 5,300 it., form a zone at 85°.70%, and the Rifs
Valley Scarp Zone one of 70°_75°. The variations in apean annual temperature
hetween diferent parts of the Lake Shore Plain amount to anly 2°, giving a tempeta-
ture zone of 757777,

The mean annual range of temperature, which is the difference between tlie
monthly means of the hottest and coldest months, is close to 18° for ali stations. The
nottest month, Novemnber, has a mean ternperainre % 8" ghove the annual mean. The
fall in temperature in the cool season is mfnenced slightly by proximity to Lake
Nyasa. Lake shore stations, and sites exposed to lake influence stich as Livingstonia,
have July temperatures averaging 6.9° below the anmnal mean ; stations sheltered {rom
this ifluence by intervening high eround have o higher degree of continentality, the
corresponding difference being 7.5%

Fig. 8b shews mean monthly temperatires jor four stations, Lt llustrate:
firstly the general uniformity in semsomal variations, and secondly the lake infinence.
From July onwards the temperature rises 1o a maxioum o November. The onsel
of the rains in December brings a sharp fall, but this js considerably Juss marked
lake shore statioms, 1.0°-1.5% comparaed to 3 55307 [or ' continental ' osites,
Temperatures then remain fairly high throughout the wet season, mefore falling morre
steeply in May and June, Thus the Lake Shore Plain remains above 757 for seven
months of the vear, whilse stations on the id-Tertiary Surface experience these
conditions for only one or two months

The mean diurnal range exceeds the ammnpal range.  There i3 agum a simall lake
influence, stations exposed to the Iake having u range of between 17" and 19.57 amd
sheltered stations between 19° and 2.2°, Livingstonia, however, records an exreptional
range of 12.8°, the lowest in Nvasaland apart {rom Likoma Island

Frosts ocour regulariy each year on the Nyika and less frequentdy on el oide
High Plateaux. In 1037 and again in 1955 frost was experienced at lower aititudes,
causing severe damage to treest.

Relative Humidity

‘This climatic factor is significant with respect Lo gvaporation anl in relation to
human comiort. Fig 3c shows the annual variation for one lake shore station and one
station on the Mid-Tertiary Surface. Duripg the dry season there is a zizlsstantial
Jifierence between the two sites; in October Mzimba and Nkaia Bay differ by 11 per
cent., and Fort Hill (47 per cent.} and Karenga (59 per cent.} by a sirilar amoant.
it the onset of the rains, humnidities rise sharply and become sipular for all areas,
remaining at 75-87 per cent. from December to April. On the Lake Shore Plain high
relative humidities therefore occur in association with high temperatures (75°-80%
for five months.

Rainfall

Teaintall is the most significant climatic factor with respect to agricalture. Itis
particularly eritical n Nyasaland owing to the contrast between a single wet seazon

and a long dry period. It will therefore be considered in defail
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The map of mean annual rainfail (map V1I) has been drawn from records of 432
stations, including those maintained by the Nyasaland Departments of Apriculture,
Forestry, and Water Development, in addition to those of the Federal Meteorological
Department. These figures show a close Telationship with aspect, stations sited in
ground which rises to the north-west having relatively high totals, whilst those with
higher land to the sputh-cast are relatively dry. Consequently in areas where records
are sparse, the ischyvets on map VII have been drawn with regard to this relationship.

The two areas of highest rainfall oceur where the shore of Lake Nyasa trendsin a
south-westerly direction. South-west of Nkata Ray a broad beit with 70-00 ns,
extends 80 miles along the shore and 20-30 miles inland. At the northern end of the
Karonga Lake Shore Plain there is a steep rainfall gradient, Karonga {lat. 9°57" S.]
yecording 45 ins., Mwen tete {9°43° S.} 68 ns., and Mwanguhtkulu (g°42' 5.) 115 ins.
The North Vipya {13) and Livingstomia Hills {10} probably receive over 6 ms.,
although this is uncertain due to the sparsitv of records. A network of gauges on
the Nyika Plateau indicates that the majority of it secetves 40-50 ins., but that 2
high-rainfall belt exists along the south-castern margin. The Misiku Hills (3], Deep
Bay (6g, 1), the Vipya Platean (193, and an area north-east of Mzuzu record H0-60 ins

On the Mid-Tertiary Surface the Fort Hill Plain (2) receives 3540 ins. whilst
+he South Ruluru section is drier.  Two stations e Lower Kasitu Valley (12} both
record 20 ins. Rainfall measurements for the Upper Seuth Rukuru Valley (16) are
inadequate. Rumpi receives 26 ins. and Mbawa and London, a short distance south
of Latitude 12°5., bath record 32 ins. By analogy with topographic conditions in the
{ower Kasitu Valley it is therefore probable that the northern part of the Upper
South Rukuru Valley receives less than 30 ins., bt the extent of this dry area is very
sncertain. A raingauge recently established at Mpherembe, 23 miles south-west of
Rumpi, has recorded the very low totals ol 14.5 and 19.4 ins. in successive years.

Vapiability from year {0 year is considerable. Table 11T shows rainfall confidence
limits for nine out of ten years in relation to mean annual totals. The feature of par-
ticular agricultural significance is that only areas with a mean annual total above 40 ins.
are Teasopably free from the danger of drought. Alipartsofthe Mid-Tertiary Surface
will experience a year with less +han 26 ins. at least once in a decade, whilst a large
area in the Upper South Rulkuru and Lower Kasitu Valleys will receive less than 16
ins. with this frequency.

TABLE III—RAINTALL CONFIDENGE LIMITS FOR % QUT QF 10 YEARS

" Afean | Lamer | U pper

Anmual i rotfidence ; FoRfrdanee
Ratufad! | Finit ! It
Irs. | IHE, | 135,
- —— e
8640 ; 51 ': 198
s0-56 - | 52 | 117
7280 ' A6 : 104G
§d—72 | i1 | 93
-84 I ol ! B4
48-56 | 3] | 74
L0—4E ! 26 - 62
324 i 21 | 51
24-32 16

! 10
| 1 :
Source:  Jack, D T, of af., 1060, Report o g Erwane Furvey of Nuaseland 10581850, map
no. 2.
The dominant characteristic of the rainfall is its high degree of concentration ina
single season. Fig 3a shows tie monthly distribution for six stations. Light falls
may occur during Noveémber, but the main rains de not normally commence until the
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followintg month ; the date of their onset varies from year to year between the beginning
and end of Decernbert. At stations having annual totals below 35 ins., falls become _
amall in April and largely cease in May, the cncceeding six months being dry. In
wetter areas rainfall remains high in April and continues into May. In the extrome
north of the country a deuble maximum, with a short dry spell in February is
commonly experienced. Torexamplein 1939/40 Karonga recorded 17.0ins, in January.
4.2 ins. in February, rising again to 10.3 ins. in March, Ina30-year period from 1925,
monthly distributions of this pattern occurred in 12 years at Karonga but only &
years at Mzimba.

The proportion of the total rain falling in the [our months December—March is
shown in fig. 4a. Over the majority of the area it exceeds 80, per cent., and near the
western border approaches @0 per cent. A zone which includes Nkata Bay and Mzuzu
has a lower degree of seasonal concentration. Fig. 4b shows a factor of importance iy
ihe cultivation of perenaial crops, the total rain received in the sjx driest months.
Aveas with annual means of nnder 40 ins. experience aimost complete drought Jduring
this period. In contract a lake-shore belt extending as far north o5 Livingstonia
receives 5-10 ins.

Evaporaiion

Measnrements of evaporation have been made for onky a shori period, insufficient
jor the establishment of reliable means. The available records of mean annual
evaporation from cinndard raised screened pans arc as follows:

Twarcnga - .. BB Ins, Mpuzu .- L. ulins
[resp Lay . 0% ins. Mzl LIk i
Wlhata Bav R3 ins

‘The three lake-shore stations yave reasonably consistei rotals, bt evidence [roun thy
VHd-Tertiary Surface is inadenuate. Two stations on $his surface 1 Central Provincu.
Lilongwe and Chitedze, record 72 and 78 ins, respectively, Cvidence from all stations
in Nyasaland shows an approximate relationship with temperaturc, a fall of one
degroe it TRELD apnual temperature corresponding to 4 dectease ol B Ins, Inroean
annnal evaporatioml. Consequently the true values on the Mid-Tertiary Surface are
probably between 60 and 80 ms., the record for Mzimba being anomalously high.

Mean menthly gvaporation Termains at appruximatcly 5 ins. during both the wet
season and the cool season.  From July onwards it rses toa maximmn of over 10 ins.
in November, before falling sharply in December with the arrival of more humid air
accorapanying the onsct of the rains.

Climatic Regions

The apove features may be summarized by means ol climatic regions. Seven
regions are shown on MEap VI In describing these, the terms cool, wet, ete. will be
used in a relative sense, as applied to the range of conditions experienced in Northern

Nyaszaland.

1. Cood, weitish. Mean annnal temperature predominantly 60°—85°, falling
below 60° on the Nyika; light frosts occasionally occur,  Mean aniual rainfal]l 40-60
ins. Nyika Plateau (8), High Vipya Plateau {192, b}, Misukn Hills (3a—d}, Mafingl
Platean (4a), Pirewombe Platean (4b). '

11, Cool to warm, wel. This region comptises all wet areas apart from the Lake
Shoré Plain. Rainfall 3000 ins., temperature varying with altitude, 80°-70°. A
belt extending through the East Vipya Scarp Zone (20}, North Vipya Hills {13},
1 ivingstonia Hills (10, and the couth-east margin of the Nyika (part of 8b); east
Misnku Hills (3g, 1) ’
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IIT. Warm, dryish. Temperature 65°-70°, rainfall 3040 ins. Mean rdonthiy
remperatires range from 53°—62° in July to 71°-76 in November. The wet season
Jasts four months, December-March, with only light falls in April. Rainfall during the
iy driest months averages less than 1 in. Annual rainfall totals below 20} ins. oceur
approximately once in ten years, Fort Hill Plain (2}; Hilis of the Upper Lufira
(4d-g}; Plains and Hills West of the Nyika (7); parts of the South Rukurn drainage

hasin, including the Central Mzimba Hills (1T}

IV, Wasrm, dry. Temperature B5°-70°, rainfall 25-30 ins. Characteristics ase
similar fo Region IIT except for the lower rainfall and correspondingly greater
possibility of drought. Lower Kasitu Vallev and northern section of the Upper South
Rukuru Valley (12a, b, 16a—<).

V. Warm fo hol, weitish, Temperature $5°~75°, rajnfalt 40-601ns. A Tegion free
from drought Ganger, accurring principally on the hilly country of the Karonga
Searp Zone (5) and the Tast Vipya Srearp Zone (20) but also inchauding important
ngricultural areas ncar Mzuzu (15, 20c) and Nchenachena {10a-c).

VI, Hoi, el Temperature 5777, tainfall mainly B0-00 ins., Tising above BU
ins. near the mouth of the Songwe.  From Decernber to April, temperatures above 15"
and relative humidities above 75 pet cent. The wet season lasts longer than in ragions
{1l and IV, continuing inte April; over 5 ins. of rain falls in the dry season. Northern
section of the Karonga Lake Shore Plain (6a), Nkata Bay Coastal Lowlands {21).

VIL. Het, dryish to wetfish. Temperature 75°-77°, rainfall mainly 3045 ins.,
rising to 4460 ins. near the boundary with region V1 and near Decp Bay. Rainfal
in the & driest months averages 1-9 ins. Central and South Karonga Lake Shore
Plain {8b)

Comparison with Northern and Southern Rhodésia

‘The economy of Nyasaland i3 linked with that of the two Rhodesias, and it is v
relevance to agricnltural development to compare the ranpe of climatic conditlons
experienced

Mean annual temperatures of over 759 pecur in the Zambezi and Luangwa Valleys
of both Merthern and Soputhem Rhoedesia, paris being hotter than any areds of nor-
thern Nyasaland Means of below 60° are found in the Inyanga Highlands of Seuthern
Rhodesia, bui in Northern Rhodesia are confined to a smalt area of the Nyika Plateau
adjacent to Nyasaland, The most extensive temperature 20n0¢ in northern Nyasa-
yand, 65°—70° is also the largest in Southern Rhodesia, and occupies considerable areas
of Northern Rhodesia. Temperature conditions are thus cornparable in all three
territories. In Southern Tt hodlesia, however, frosts mav QCCur at moderate altitudes
from June to August.

In respect of rainfall, Nyagaland s wetter than the Rhodesias. orthern
Thodesia has no regions with over 70 ins,, although it resembles Nyasaland in that the
greater proportion of its area receives 30-60 ins. Southern Rhodesia is considerably
drier; totals exceeding 50 ins, are confined to a narrow strip along the eastern border
whilst over one third of its area receives less than 25 ins.

This difference is reflected in the correspondence between the Nyasaland climatc
regions and the natural regions, defined on o climatic and vegetational basis, emploved
in the Agro-Ecological Survey of Southern Rhodesia® (the formeér will be teferred
toasN. I, N.IL.... gte. and the katter as GR.I,SR.IL....etc). N.I,N.ITandN. ¥
are included in SR. I; the Rhodesian survey groups together all conntry with a rain-
fall exceeding 42 ins,, owing to thesmallness of the totalareacovered. N.1IIcorresponds
closely to SR. Ila, in respect of rainfall, temperature and vegetation. N.1IV approxi-
mately corresponds 1o SR, ITh, its driest parts tending towards SR, IT1. N. Viand
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N, VII are not represented in Southern Rhodesia, although N. VII bas affinities with
SR. III, the higher temperatures of N. VII compensating for its higher rainfall, to
prodiice sirnilar effective rainfalland amoderate degree of vegetational correspondence.

SR IV and SR, V have drier conditions than any experienced in Nyasaland.

Spil Moisture

During the months of january to March, rainfall considerably exceeds evapora-
lien in all parts of northern Nyasaland, and the soil medsture content is raised to
field capacity at afl depths. During the dry season this meisture is depleted, partly
by evaporation Imt principally by plant transpiration. Losses from transpiration
continte until the sofl moisture content reaches wilting point; this occurs first at the
<oil surface, and with continued absence of rain extends progressively dewnwards.
Studies by Wood & 4 in the Central and Sowthern Provinces of Nyasaland have shown
that the depth to which wilting point extends veries with land use. The results
ohtained on a sandy clay latosol at Chitedze (3,770 ft.), near Lilongwe, mav be
sumroarized at follows:

Bare fallow: Wilting point reached at 1 £, in some seasons at 2§t ) soitutd
v remains at field capacity

(roundnuts:  No definite difference from bare faliow

Tohacco \Vilting point normally extends to 2 ft. depth

Maiza: Wilting point is reached at 2 it. and sometimes 3 ft.; souw
moisture is drawn from 4 3t Iywering the moisture content below
lteld capacity :

Indigenous  \Wilting pont io reached at 4 T, and moisture is drawn from 3

IrAS308° least 6 £t

The last finding is explained by Wood &2 irom studivs ol tooting systems Many
inddigrennus prasses rool deeply, to 101271 the deminants change seasonalls, deeper-
routing species Hourishing in the drter months®. .

iz, 5 shows a diagrammatic comprarison ol suib wolsture toghnes, [is viethod of
cunstraction is based on the asstmpticns: (i} that gvapotrnspiration fronm crops or
vegetation =08 X evaparation from o standard pan®; (i) that during the dry
spmson. T ins. of moisture Is removed lrom the suil, an average fizure hased on measure-
ments by Woors,  The vontinuouns lne cliows mean monthiv ramfall, and tie hroken
line estimaterd monghly vvapotranspirafion. At the date when rainfall first exceeds
evanotranspiration, marked as “ o’ an the graph for Mzimba, the soil molstere
sontent is rwised above wilting point. Moisture recharge continues, until at “h"
tield capacity is reached throughout the profile; the horizontally-shaded ares s
sguivalent to 7 ins. of moisture. During tiwe ensuing period, excess moisture is rqpidlj.-
lost by run-off or dramage through the soil. At "¢ depietion of soil moisture
commenees.  The vertically shaded area i3 also equivaient to 7 ins. of moisture, and
at ' d " the upper horizons of the soil will be reduced to wilting point, and only deep-
rooting plants will be abie to continue growth. The npper suil horlzons fema:m close
o or aboe feld capacity during the period masked * T 7, and above wilting point
Juring that marked ™ W 7 The latter period is 22 weeks 10T Mzimba, 27 weeks for
Karonga, and 33 weeks for Nkata Bay. The majority of chmatic regions IT and VI
have hizher rainfalls than Nkata Bay, whilst Tegion TV and parts of region 11T are
drier than Mzimba. It is therefore probable that the period during which the soit
~emains above wilting point is nearly twice os long in regions II and V1 as in reglons
[T] and IV. The significant factor in causing this difference isshown by fig. & to be
the continuarion of the rains inta April. and May in the former regions, rather than
their greatér total rainfall. Sy A B
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Climate and Seoil Formation

. These features of the soil moisture regime, & consequence primarily of the high
degree of concentration of the rainfall in a short period, have the following effects upon
301l formation: '

(i} During the period in which the soil is at field capacity (" F "' on fig. 5), a large
quantity of moisture drains downward through freely drained soils. These soils are
therefore subject to strong leaching for part of the year.

(i In scils where any degree of drainage impedance oceuts, either due to site
drainage or to impermeable horizons within the profile, there is a strong tendency
for waterlogging to occur during this same period.

(i) In soils with both free and impeded drainage, the upper horizons. are dried
out annually. This results in a tendency for the precipitation of dissolved substances,
particularly iron compounds, forming a motile or concretions.

The combination of these three processes is particularly favourable jor the for-
mation of ground-water laterites in soils with site drainage impedance, due to the
imreversihle precipitation of dissolved iron compounds in the form of ferric oxides and
hydroxides. :

The essential climatic characteristics which give rise to these conditions of soil
{ormation are: oL

(@) Mean annual temperaturc above G5°, cansing relatively rapid chemicai
reactions in the soil, and consequently rapid weathermg. :

(5} Mean annual rzinfall above 26 ins., causing the dominant directioh of water
novernent in freely drained seils to be downwards.

(c) More than 75 per cent. of the annual rainfall oceurring in four months, causing
strong leaching.

~{d) Less than 5 ins. of rain i the six driest months, causing the soil to dry ont

amally.

A similar range of soil types should be expected In other parts of the world in
which these conditions oceur.  The three major regions in which this is the case are:
(i) couniries adjacent to Nyasaland, principally the Rhodesias and Mogambique
{c.g. Salisbury, Southern Rhodesia, 65.2°, 51.9 ins. 70 per cent., 1.9 ins., with respect
to (a)—(d) above); (i) a belt in West Africa approximately along latitude 12°-18° N,
passing throungh Gambia and northern Nigeria (c.g. Bathurst, Gambia, 77.7°, 47.6
ins., 92 per cent., 0.3 ins.); (ili) parts of the monsocn cimatic region of central and
south-west India [e.g. Bombay, 80.6°, 7.4 ms., 85 per cent., 0.5 ins.l.
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CHAPTER IiI
VEGETATION

Complete or partial accounts of the vegetation of Nyasaland have been given by
Jackson!, Topham?, Jackson and Wiche?, and Hursh?, whilst vegetation maps have
been -published by Jackson®, and in the Federal Atlas of Rhodesia and Nyasaland®.
A summary of the principal grassland types is contained in the memoir accompanying
Rattray’s map.of the grasslands of Africa’, and a detailed description of the use of
plants in the native economy is given by Willlamson®. Regional descriptions of
limited areas have appeared in the Annual Reports of the Nyasaland Department of
Agriculture, from 1950 to 1858/59 by.G. Jackson and from 1358/59 to 1959/60 by A.
Young. Detailed information on forest management and plantations is given in the
Annual Reports of the Nyasaland Department of Forestry. Of considerable value are
a number of unpublished reports and maps by G. Jackson, held by the Department of
Agriculture.

The loltowing account is based primarily on field observations made during the
course of soil survey, and, with respect to distmibutions, on air photograph interpre-
tation. These observations have been extensively compared with, and supplemented
from, the above publications. In particular, all information on grasses is taken from
published and unpublizshed accounts by G. Jackson.

 Vernacular names of plants will be given in only a few mstances For compre-
hensive lists of these, reference should be made to the check Hsts® *

Vegetational communities

A clagsification of the vegetational communities is given in table IV, and thewr
distriletion is shown in map IX. The classification is descriptive; it is based primarily
on physiogeemy, and secondarily upon dominant species.

1. Montane grassland. Pure grasslands are uncommon, and ate mainky
confined to the Nyika Plateau. The normal type is grassland with scattered shrubs of
Protea ‘}:.ra.::.r.iis*.rzsis, and in sonte areas short trees of Cussonta fizkit. In the lower part of
the altitude range, medium trees of Erythring lomentosa and Dombeva retundifolia
oceur, pancipally in valleys, Itisprobable that in all ateas, with the possible exception
of parts of the Nyilka, this community represents a five climax, and has teplaced a
former cover of montane evergreen forest! (g}, Tt occuples the High Plateaunx,
and some high-altitude hill areas: the Nyika Platean (8), the Vipya Platean (18a—, e},
the North Vipya plateau remnants (13a) and parts of the North Vipya Hills (13b, c)
and Livingstonia Hills (10, €), the Mafingt Plateau (4a}, the Pirewombe Plateau (4b)
and part of the hill area north-east of it (4d}, and the high-altitude ridges of the
Misukn Hills {3c). The Vipya area includes coniferous plantations of the Nvasaland
Department of Forestry. -

2. Marsh grassland. This is known within Nyasaland as dambe grassland (see
p. 17y, Ttis norrpally tall and dense, although it may be kept short by heavy grazing.
Trees are absent from the majority of the areas, but at valley-floor margins scattered
Acacia trees appear amid the grassland. The type shown on map IX as marsh
grassland with trees is charactenzed by numerous large termite mounds; it has been
mapped from aiv photographs, but has not been examined in the field. -
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A belt of marsh grassland eccurs along all valley floors except those of rapidly
ncising streams. On the Mid-Tertiary Surface such belts may be 31 mile in width,
alten with a lobate expansion at the valley heads. Extensive grass-covered marshes
also oceur, particularly in the Lake Shore Plain,

Permanently waterlogged arcas with a reed vegetation, principally the bamge
reed (Plragmiles mawrilians) are found in parts of the larger marshes, and at the
margins of lagoons. They are considerably less extensive than the grasslands, and
hawve been included with the latter on map IX.

3. Monfane evergreen forest.  On all of the Hrgh Plateaux this occurs as patches
i valley floors and heads. The outer margins of these patches are formed by fire-
resistant shrubs. A few relics occupying sites other than in valleys are evidence that
this community formerly covered all or most of the areas now occupied by montane
grasslands. These relics comprise forest reserves in the Misuka Hills (3c), on Uzumara
Hill {13b), and on Msissi Hill {4d); a further patch of 14 » 1 mile, which is not at
present a forest reserve, occurs east of Pirewombe Hiil (4Dh).

4. Semt-cocrgreon forest.  This consists of a canopy of deudusus Brashystegia
spiciforsmss, beneath which is an evergreen understory of trees, elirnbs, and CEBEPETE.
It differs from the moist Brackystegia woodland {7.7.) in that the understos ry 1s densc,
und the grass Jayer 1s completely suppressed. It oceupies the deeper seil areas of the
Nkata BHJ. Lake Shore Lowlands (2lc, d}, with a rainfall of 60-80 ins,

5. Riparnan ferest. Symgihwn species trees occur along the banks of actively
incising streams, and are scmetimesz present at the margins of the marsh grassiand
belis. True forest belts ate only found in a few places, for example below the North
Rukurn Falls  This unit s not of sufficient extent tc be shown on map ITX.

Brachvstegia woodlands. A general account of these woodlands has beep given
by Griffith?. They form a vegetation unit confined to an approximately circular area
oi 3 million square miles, lying in East Africa between latliudes 5° and 17° south.
Whilst varying consideralbly in physiognomy and composition, they are characterized
by the predominance of Braciysiegia, Isoberlinda, and Julbernardia species. In many
areas this wiit is known by the Swahili word miombo.

6. Moist Brachystegia woodland. This is formed of tall trees, 40-60 ft., with a
closed canopy, an open understory, and a sparse or very sparse grase cover, Brachy-
stegia spisiformds is frequently dominant, but E. losgifoita and other species also
appear 10 the canopy. Stands in which tall, well-formed Ugpaca fvkiana iz dominant
are found, and elsewhere this species occurs 1 the l't]"dEI'StOI'V The tree cover is
ialler and denser than in the © dry * Brachvsiegia w -sodlang of classes 7 and § below.
It occurs in areas with over 50 ins. rainfall, principally on the East Vipya Scarp Zone
(20), part of the North Vipya Hills (134, '1'}, and on thin steny soil areas in the Nkata
BPay Lake Shore Lowlands (21a, b).

1. Brachysiegia plateau woodlend.  This 1s most commeoniy found as a savanna
woodland of short trees, with the crowns widely separated, and a moderate grass
cover. In this form it is a degenerate vegetation, caused by clearance for cultivation,
annual burning, and removal of saplings and bark for use in the native economy.
An account of these Processes, together with a classification of the forms enconntered,
i given by Hursh?; he instances the Central Mzimba Hills {17) as an example of the

oreat woodlands in Nyasaland. Taller stands, with touching crowns, are found in
the Perekezi (17d, €) and Vinthukutu {6i} Forest Reserves.

- This class has been subdivided Into a-southern sector-in wikch feulbernardia
paniculaiz is very common and Isoberlinta species of less importance, and a northern
séctor in which Fsoberfinia tomentosa and I, angolensis are frequent with Julbernardia
species also present. A type it which Cryplosepalum pisudotaxus becomes derinant.
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in patches is of restricted distribution. These three subdivisions cover the greater part
of the Mid-Tertiary Surface. A low-altitude type, in which Bawhinia petersiana and
bamboo (Oxyienanthera abyssinica) occur, is found on raised beach areas of the Karonga
Lake Shore Plain (6i).

Detailed study would be necessary to determine the presence and relative
importance of the various species of Brachystegia, and of other trees and grasses, in
each of these types; in table 1V they have been combined, together with the Brachy-
stegta hill woodland. The commonest and most widely distributed auxiliary species
are known by the vernacular names of femboz (Diplorrhyncus condylocarpon) and msole

(Pseudolachnostylis maprouneifola).
8. Bmchysﬁggfci 31l woodland. ‘This is similar to the preceding class in that an

open savanna woodland of short trees Is the commonest form. It is distinguizhed by
the greater frequency of species favouring shallow and stony soils, chief amony which

are Brachysiegia boekmii and Uapaca kirkiana (vernacular: mSitk).

At altitudes above 5,000 ft., particularly among the Nyika Hills (8), a type with
Uapaca hivkiana very frequent and Proter species common is found. The normai,
medinm-altitude, type includes a number of Brackystegia species, of which B. bochmii
is the most common: Profeq madiensis may also be present. Relow 3,000 ft. Protea is
absent, Bawhinia pefersiana becomes common, and patches of bambeo (Oxytenanthera
abyssinica) ocrur. These woodlands occupy the High Altitude Hill Zones, numeroas
isolated hills rising above the Mid-Tertiary Surface, and the Karonga Scarp Zone {5).

9. Acacia-Adansonia-Huphasne-Sterculia culivation savanna of the lake shore.
o Cultivation savanna ” will e used to describe the vegetation of areas which are
largely under cultivation, but in which jsolated trees, or small woodland patches,
remuin. The term does not carry any implications as to the type of vegetation which
preceded clearance. Parts of the Karonga Lake Shore Flain {6b) are characterized
by tall bacbab (Adansonta digitata) and Sterendin africand, together with many palms
(Hyphasne veniricosa), and shorter Acacia Species.

10, Acacia cultivation savanna of valley floors. The low terraces of certain
major.rivers, including the Lower South Rulourn, Lower Kasitu {12a}, and part of the
Upper Lufira {4g), are almost entirely under cultivation. 4 large majority of the
remaining trees are tall Acacie albida, together with Borassus palms (Borassus
acthiopium). The valley floors of the Songwe and some of its tributaries also have a
cultivation savanna; Borassus palms are common in the Kanga Valley (21}, but in
other parts the vegetational composition has not been recorded.

11.  Acacia-Combretum thicket and savanna. The main area of this vegetation is
the thorn serub of the South Karonga Lake Shore Plain (6¢). Tt consists of short trees
and bushes, varying from thicket to more open forms, in which the majority of species
are thorny. In many parts Acacia spirecarpa greatly exceeds all other species in
frequency. Standing above this vegetation are palms, and occasional tall trees of the
same species as found in the lake shore cultivation savanna. A study of this area has
been made by Jackson'®. He concludes that the present vegetation results from
2bandonment after cultivation, and subsequent heavy grazing by cattle,

Two other communities are included as subdivisions of the Acacia-Combretum
class. On the area north-west of Rumpi known as the Nkamanga Flain {part of 11a} a
low. thicket vegetation occurs, in which Acacia and Combretum species are dominant,
and - Resssantia wdica is characteristic. On the lower valley sides of parts of the
South Rukuru and its tributaries (1ia, b, 19d, 16a, b) the savanna woodland of the
freely drained areas gives place to & more open savania, consisting of Combretum
ghazalense bushes with short trees of Acacia and Piliostigma thonmingdss. The majority
of these valley-side belts are too narrow for representation on map IX.
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12, Vegetafion of sands. Comstructional landforms of lacusttme sand are
witially bare of vegetation. After depomition of coarse sand has ceased, a vegetational
succession takes place, associated with the early stages of soil development. Close to
the Songwe mouth, Magnistipula bangweolensns 1s dominant at an early stage. Onm
less recently deposited safnds south of Nkata Bay, Combretum species and Piliostsgma
thonmingii were recorded  Wetter areas are colomzed by ihe hamge reed (Phragmiles
PANFIAaNS).

Vesetation and soils

The principal direct influence of vegetation upon soils is in respect of the organic
matter comtent This is of agricultural importance firstly because a high oTganic
matter content ensures a well-structured soll, and secondly because there is a close
correspondence between topsoil organic matter and nifrogen status {for topsoils
anabyzed during the present survey, N percent, = {1.M. per cent./20, with a standard
deviation (for the ratic] of 8.1). Topscile with orgame matter exceeding ¢ per cent.
are largelv ~onfined to the montane grassland areas. A moderate content, 2-4 per
cent.. 18 found in soils beneath semi-everzreen forest and moist Brachystegia wondland.
The Brachuvsicee plateau and hill woodland iz associated with low organic matter
conients, in some cases less than 1 pef cent ; this is partly due to the annual uming
tr which these arras are subjected

Vegeiation can be of considerable valee as an indicator of =il types, and has long
neen nsed in this way by the native population in choosing sites for enliivation. Itis
of particular impertance in feld soil survevs covering areas of a size which makes it
impracticable to examine the soil by a clase network of pits or anger-holes. In
Nyasaland, however, experience anc local knowledge are required to distinguish
vegetational changes caused by so1l from those due to different histories of clearance
wmd cultivation

On 2 locad seale, the must impurtant use of vegetation indicators is to distinguish
“wo departures rom the “ normal  sol! type of $he area these are firstly, areas with
impeded drainage, and sceandly, areas with abnormally thin or stony soils.

The principal chunge i zoues of impeded dvainage iz that the vegetation opens
sut, trees and bushes becoming more widely spaced than In adjacent freely-drained
sites. At the same time the gross cover becornes taller and denser. This criterion 1%
of general validity, whereas indicator species vary from region to region. Usually the
commencement of impeded drainage on lower valley sides is marked by the appearance,
or increase in frequency, of Acacia species,  Combrefum ghazulense and Piliostigma
thosiingii are alzo comuman in such areas, although thev may also be found on freely-
arzined sites.

A rebiable {uflicator of thin, stony soils s the co-dominance of Brachysiegia
boelwnti and Uapace Jarkiana. B. boehwnii alone 15 normally but not invariably found
on such soils.  Uaprca kirkigna occupies more vanmable sites; as tall trees it may
overlie deep, red, strongly acid solls; when present as short {rees and bushes, how-
ever, thin sandv or stony soils can usually be expected.

A difference of vegetation type that is of local importance occurs on the Nkata
Bay Lalke Shore Lowlands (21). Here the climatic climax is serni-evergreen forest, with
a dense undersrowth. The presence of moist Brachvsiegie woodland, with an open
understory, indicates shallow soils.

No atiempt to compile a comprehiensive list of vegetation indicator species has
been made during the presemt survey. Crypiosepalum psevdolorus tends to be
dominant on coarse sandy soil patches. The very thomy shmub chipesmbere (X erom-
phis obovata) usually appears in woodlands ocenpving stromgly leached, sandy soils of
Jow fertility. The thorny creeper Svisilax kraussiana is possibly an indicator of a former
forest cover, and is found on seils of mbderate or highish prganic matter content,
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TJackson' gives a list of grass indicator species for eroded lands, light sandy soils,
overgrazed areas, and heavy soils.
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CHAPTER IV
SOIL5

The method of scil survey normally adopted in English-speaking countries
follows the practice, developed by the United States Soll Survey, of using the soil
ceries ac il basic unit of classification and mapping. This method has great ad-
vantages from the practical point of view. A unitis provided with precisely defined
morphological characteristics; by reference to these, a soil encountersd in the
field can be identified as belopging to a particular series; its agricultural properties
can be expected to be similar, within limits. 1o those of other soils of the same series.
This enables the results of agronomic investigations, carried out on soil of a particular
series, to be applied to the whole area covered by that seriles. This is equally the
case whether detailed mapping has been carried out, showing to which series every
part of the land belongs; or whether, as in reconnaissance surveys, only the areas
within which each series is likely to be found are imown

The principal disadvantage of the use of soil series is that maps of them are
largely incomprehensible when viewed as 4 whele.  The ritnber of series identified
in any survey of a substantial arca quickly becomes large, and it 15 hard to oltain a
general picture of the distribution of anv particnlar class of soil from the map; this
dificulty iz frequently increased on small-scale maps by the use of striped shadimg
to represent soil associations ov catenas. The fundamental reason for this complexity
ic that soil genesis is afiected by many diflerent environmental conditions. The
consequence 13 that maps of soil serjes contrast with maps of most ather environmental
factors, for example altitude or rainfull, from which the general features of the
distribution are gqueckly apparent.

Tor tlese rezsons the soils will be described in two ways. In tlis chapter a
classification will be given, and the principal features of each class of soil described
and compared; the distribution of these classes will be discussed in relation to
snviropmental conditions. This provides a framework to which the descriptions
of =0l series, given in chapter IX, mayv be referred.

Classification

The soils of Nyasalund, botls of the country as a whole and of the northern part
here considered, are divisible into four main groups, strongly distinet from each
other in properties. The first comprises zll stony and shallow soils, or Jithosels,
these occupy latge areas of dissected, steeply sloping countiry, particularly the
Rift Valley Scarp Zone, as well as numerons isolated mountains and hills. All
soils which remain waterlogged for a substantial part of the year are included in the
second group. These are the hydromorpivic soils, known locally as “ dambo "' soils;
they are mottled or black in colour, and occupy valley-fioor sites at all altitudes.
The third group consists of the greyish brown soils; the colour of theze is dorninated
by shades of dark Dbrown and grey, and the lower horizons are usually mottled.
This is the calcimorphic group and is principally developed on the Lake Shore Plain.
The fourth group is formed of all red, reddish brown, and vellowish red soils with
fres drainage. These are the latosols'; they occupy the more gently sleping areas
with free drainage.

The distinctivensss of these gronps, in environmental conditions, profile mor-
phology, analytical characteristics, and agrcultural properties, is such that any
satisfactory classification of Nyasaland soils, whatever the basis of ¢lassification
adopted, should begin by distinguishing them.
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There are certain groups of soils the classification of which is generally agreed.
These are soils developed under some specialized environmental condition, and
distinguished by one particular characteristic, which frequently dominates the
morphology of the profile; examples are the lthoscls, rendzinas, hydromorphic soils,
organic soils, and the various classes of saline and alkaline soils. Difficulties of
classification arise principally with respect to what have been termed mesomerphic
soils?: these are soils in which the profile features are associated with normal parent
materials and well-drained conditions. In temperate latitudes they are the podzolic
and brown earth groups; in the tropics they comprise the latosols.

The two principal systems of classification in nse are the morphological and the
genetic; The morphological system consists of grouping together soil series having
a degres of similarity in their profile characteristics. ‘This systeny has been developed
particularly by the Soil Surveys of the United States, Australia, and New Zealand,
in Africa it has been applied to Nigeria by Vine®. Its disadvanfage is that the selec-
tion. of which characterstics should be emploved. at each stage of the classification
is to a certain extent arbitrary. In the genetic system, the criferta for classification
are based upon the process through which the soil has originated, and fhe stage of
evolution attained. It necessarily corresponds to a particular morphological system,
since anly the characteristics of the soil are available to observation; but the selection
of features for use in each stage of the classification is guided by considerations of the
origin of the soil. This system was developed by Russian workers?, and has been
applied to tropical soils particularly in Fremch African territories®,. It has been
adopted by the Inter-African Pedological Service for the Soils Map of Afrca at a
scale of 1:53.5, Fn the compilation of the sofl map for the Federal Atlas of Rhodesia
and Nyasaland it was found to be the most satisfactory means of co-ordinating the
different methods of classification previeusly m use in the three territories of the
Federation: in this case, however, the terminclogy applied by the Inter-African
Pedological Service to the subdivisions of the Jatosols was not used on the finished
map, owing to its unlamiliarity.

Int the present survey the morphelogical system will be used at the Jowest level
of classification, that of 1he soil series [see chapter IX). The genetic system is used
in the description of the general features of seil distribution given in this chapter.
The genetic soil groups will first be described; these will then be compared in respect
of characteristics, agricultural properties, and environmental conditions. The
distributicn of the groups will then be considered :

The genetic seil groups

Table ¥V shows the classification etnploved, together with the soll series which
have been placed in each class. In order to simplily the claseification, two claszes
are shown as sub-groups which do not have equal status with the other sub-groups:
“ ferrizols with some ferruginous leatures ™ is applied to two series intermediate
in characteristics between ferrugimous scils and ferrsols, and * weakly ferallitic
soils ** are intermediate between ferrisols and sandy ferallitic sols.

At the highest level of classification, two criteria have been employed for sub-
divisien. Lithosols ate separated, on the basis that their profile remains continuously
at an early stage of development. Site drainage has been used to classify the re-
maining soils, since this affects abmost all other processes oi pedogenesis. These
two criteria serve to distingnish the [our major groups of Nyasaland soils described
above, lrslarnelj-' the latosols, the grevish brown soils, the hvdromorphic group, and the
lithosols.

I. LATOS0LS S . e . e N
The dominant process in the development of all freely-drained soils of humid
regions are the weathering of rock minerals and the downward leaching of components.
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In all cases these components include clay particles and exchangeable bases; in the
latosols the silicates are alse leached, resulting in a relative enrichment in iron and
aluminium compounds. The subdivision of the latosols used by the Inter-African
Pedological Service? is based o the degree to which these processes of weathering
and leaching are developed. Ferruginous soils contain substantial guantities of
weatherable rock minerals within the profile, and are relatively weakly leached.
Ferrisols have a lowish mineral reserve, and are moderately or strongly leached.
In ferallitic soils the mineral reserve is very low or absent,

1. Ferruginous sofs. These are latosels in which the processes of weathering
and leaching are relatively weakly developed. The subscil* retains many weatherable
minerals, that is, rock minerals other than guartz and muscovite; the base saturation
of the lower herizors is above 40 per cent.

Weathering of the minerals contained m the profile results in the formation of
clay and of iron compounds, and the release of bases; the processes leading to frans-
location, the movement of clay particles from one part of the profile to another,
are strongly active. The morphological characteristics of the soil result from these
fentures. The eubscil is extremely red in colour, in the 10 R hue. There is a strongly
developed textural B horlzon in the subseil; thisisa clay, with strong, fine or mediam
blocky strueture. The surfaces of the peds forming this streture carry well-developed
illavial ped cutans?. These are coatngs of clay particles; when strongly developed
they are shiny, and in addition are usually a elightly darker colour than the rest
of the soil. In ferruginous soils a frequent combination is that the inner parts of the
peds are 10 R 3/6 datk red, with ped cutaps 10 R 34 dusky red. The group has
moderate acidity and moderate base saturation. The base exchange capacity valnes
and the soil consistency indicate that, whilst kaolinite and illite are the predominant
clay minerals, some montmorillinite 1s probably present.

Ferruginous soils are most frequently developed from basic rocks, but have
also been observed overlying rocks of intermediate composition.

2 [{a). Ferrisols. These are latosols in which the processes of weathering ol
rock mminerals and of leaching are developed to a moderate degree. Weatherable
minerals remain in the subsoil or lower subsei], but in smaller quantities than n
ferruginous soils. The profile is strongly leached, with a base saturation of less
than 40 per cent. in the lower horizons. They have also been termed kraznozems®,
and are cometimes referred to as  red loams”, owing to the fact that their per-
meability and consistence is that normally associated with loams, although the
textures are heavier.

The processes of weathering have reached a more advanced stage than in
ferrnginous soils, and kaolinitic clay minerals are predominant. There is a high
content of hydrated ferxic oxides, giving a uniformly red or dark red colour to the
profile. The flocculating effect of the {erric oxides hinders the process of translocation,
sc a result of which the illuvial (textural B) horizon is weakly developed, and often
occurs deep in the profile.  The predominant textures at all depths are clay and
sandy clay. In the subseil there is a weak fine blocky structure, which charae-
teristically breaks down into a weak fine crumb; ped cutans are usually weakly
developed in the subsoil. In depth, however, both structure and ped cutans may
reach the moderate or strong grades. Even the clay horizons are ireely permeable,
soft, and friable, often with a ** floury ' feel, Ferrisols are strongly acid, pH £0-5.0,
and have a low base saturation.

9 (8); * Ferrisols with some fervuginous feaures. ~This sub-grouphas been inclnded
for convenience, to classify two soil series, the Livingstopia snd Misuku series.
These both possess a streng fine to redium blocky stracture in the subsoil, features
normally diagnestic of ferruginous soils. - Their other morphological characteristics,
however, together with their analytical properties, resemble those of ferrisols.

* See note on horizon nomenclature, p, 48.
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3. Ferallitic soils. These are latosols in which the content of weatherable
minerals in the subsoil is low or non-existent. This is due either to the fact that
weathering has reached a very advanced stage, or that leaching is very strongly
active. Two sub-groups with greatly differing properties oceur, according to which
of the above processes named s the dominant cause of the low mineral reserve.
These sub-groups are humic feraliitic soils and sandy ferallitic soils®.

3 (a). Huwmic ferallthic soils. ‘These are latosols in which very few weatherable
minerals remain in the subseil, and in which the process of leaching is very strongly
active at the present time. The low mineral reserve is due partly to rapid weathering,
but may also be partly due to a low content of weatherable minerals in the parent
raaterial, which is normally rocks of acid (siliceous) composition.

The colour may be red, in the 2.5 YR hue, or the iron oxides may exist in more
hydrated forms, resulting in a yellowish red {5 YR} colour in the lower horizons®.
There is an illuvial horizon of clay or sandy clay, which commonly eccurs immediately
above the commencement of weathered rock. The proportion of silt is very low.
The subsoil is massive or very weakly structured, with ped cutans absent; the
latter may, however, be weakly developed in the illuvial horizon. In Nyasaland,
soils of this group oceur at high altitades, above 5,000 1t.; due to the lower termnpera-
tures there it a relatively slower rate of decomposition of organic matter, and the
topsoils have a characteristically high organic matter content. The sub-group 1s
strongly acid, and has a very low base saturation in the lower horizons. Kaolinitic
clay minerals predominate, although probably less markedly so than in the ferrisols.

3 {8). Sandy ferallitic soils. These are latosols in which the processes of
weathering have Teached an advanced stage. The content ol weatherable minerals
is very low, due principally to long-contmued weathering in the past. These are
“* 51d " soils, in which pedogenic processes are now relatively mmactive,

Ouartz and kaolinitic clay minerals are the principal constituents, and iron
oxides are no longer being released in substantial guantities; congsequently the
sub-group is less red than most other latosols, with subsoils in the 7.5 YR or & Yk
hues (browr, strong brown, yellowish red, ot reddizh brown). The topsoill is sandy.
There is & strongly developed textural B horizon, usually in the immediate subsoil,
consisting of sandy clay loam or sandy clay, with a very low silt content. This
horizon is massive, with ped cutans completely absent; it characteristically becomes
extremely hard when dry. In contrast to the clay ferallitic soils the base saturation
is moderate, 30-80 per cent., due to relatively weak leaching at the present day.
The profile is moderately to strongly acid, pH 4£.5-5.5.

3 (o). Weakly fevallitic seils. This sub-group haz been incinded in erder to
classify four soil series having characteristics intermediate between ferrisols and
vandy ferallitic soile. The Loudon and Jandalala series tend towards the ferrisol
class, but are less strongly leached and less acid. The Mpherembe series is closer to
a sandy ferallitic soil, but retains a weal bloclky structure in the subsoil, indicating
that weathering aid translocation are still active. The Chisenga series has anomalous
characteristics; the topsoil and the subsoil have the properties of sandy ferallitic

snils, bt in the lower subsoil there is an abrupt change to ferruginons characteristics.

3 (d). Sandy ferallitic soils with laterite. Profiles of this sub-group have the
properties of sandy ferallitic soils, but a horizon of laterite occurs, consisting of at
least 40 per cent. iron concretions, and in many cases of massive ferricrete. It
cocurs.principally on the lower, parts of gently sloping valley-sides; it is therefore
considered that these are ground-water laterites. Iron deposition took place when
the water-table stood at a higher level in the past, a process observed In present-day
hydromorphic soils. The present location of the profile is due to the lowering of
valley floots by river erosion.
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3 (¢). Ferallitic soils developed from sands. These are sandy ferallitic soils,
but the low contént of weatherable minerals in the profile is due to the parent material
consisting mainly of quartz sand. In the great majority of cases in Nyasaland
these are sands of lacustrine origin.

3 (f). Ferallitic soils with impeded profile drainage. In one serles, the Bwabwa
serjes, mottling oceurs in the subsoil due to drainage impedance within the profile.
It has been classified with the latosols since it is developed on slopes of up to 10°,
with free site drainage. The topsoil resembles that of sandy ferallitic soils; the
subsoil is heavy textured with low permeability.

II, SOILS WITH IMPEDED SITE DRAINAGE (CALCIMORPHIC, OR GREYISH BROWN, SOILS)

1. Lower members of latosol catenas. Soils of this group are extensively de-
veloped along the lower parts of valley sides. In a reconnaissance survey, however,
it iz normally only possible to describe the freely-drained members of each catena.
In ome case a serjes on the lower part of the catena has been defined, the Kapembe
series. In addition, observations on the meodifications to freely drained profiles
that take place lower in the catena are given in the series descriptions of the Chombe,
Nyika, and Fort Hill series.

This group possesses to some extent the characteristics of the latosols, since
leaching occurs in the upper horizons for substantial periods of the year. It is there-
fore moderately acid in these horizons, but the colour is greyish brown. Moitling

oceurs, Tising in the profile towards the surface as the drainage becomes progressively
more impeded.

3, Allwvial seils. This group is formed from alluvium, and is characterized
by the presence of depositional bedding, which bas been only slightly modified by
tranelocation within the profile. The soil is therefore at a. * young ™ stage of develop-
ment. The high fertility of most allrvial seils results partly from the perlodic addition
of material, either by deposition of sediment on the surface or by advection from the
adjoining higher land m drainage waters.

Since they are an azonal group, other characteristics of alluvial soils vary widely.
The {ollowing description refers only to the group as developed in Nyasaland.  Greys,
greyish brewns, and dark browns occur throughout the profile, reddish colours
Deing absent. Mottling is present but dees not usually reach the topsoil. A wide
range of textures occur, but a distinciive feature is that fine sand is frequently
predominant over coarse; the proportion of silt is greater than that found in latosols,
often exceeding 10 per cent. Structure varies according to texture; clay horizons
have a strong coarse blocky structure with strong ped-cutans, whilst sandy horizons
are massive. Muscovite (white mica), being practically unaffected by weathering,
is frequently present.

The analytical characteristics are entively distinctive from those of the latosols.
Base saturation is high, 80-95 per cent., and the profile is weakly to moderately
acid, pH 5.5-6.5. The ligh base exchange capacity indicates that montmarillonitic
clay minerals are predominant. The clays are plastic when wet, and of low per-
meability, in strong contrast to the friable, kaolinitic clays occurring In the latosols.

3, Alkaline Soils. This group includes all soils having an alkaline reaction.

. They do mot occur extensively in northern Nyasaland, but have been racorded in

profiles having morphological characteristics resembling both the allnvial and
hydromorphic groups.
1II. HYRDOMORPHIC SOILS

These inchzde all soils that remain waterlogged for a substantial part of the year.
In Nyasalend permanent waterlogging is not normal in valley-floor sites, owing 1o

the comsiderable fall in the water-table which occurs dudng the long dry seasenm.

Consequently, mottled profiles are more commonly encountered than black; when
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the soil dries, ferric iron compounds are irreversibly precipitated, resulting in pro-
minent mottles of strong browmn, yellowish red, red, and dark red. The clays are
montmorillonitic, and when wet are plastic but extremely stiff. These have a strong
coarse angular blocky structure, sometimes with a prismatic tendency. The ped
surfaces have very strongly developed shiny cutans, which semetimes exhibit fine
grooves resulting from the difierential movement of adjacent peds during espansion
and contraction. The apalytical properties are generally similar to those of the

alluvial soils.
1v. LITHOSOLS

Al thin or stony soils are placed in this class. They norimally occur on steep
slopes, subject to rapid derudation, as a result of which profile evohition TEInains
continousty at an eatly stage. Included are bare rock outcrops, lound particularly
on hill summits, and stopes with many large boulders such as are commonly [ound
on steep hillsides. kn many cases guartzite forms the majority of the stones present.

. OTHER $GIL GROUTS

Organic hydromorphic soils (peats) may be deveioped to a limited extent in
some marsh areas on the Nyika FPlateau. No calcareons parent maalerials occul,
therefore rendzinas and red-brown carths are absent. Neither salinc soils nor soils
with a horizon of caleiun carbonate concretions have been Tecorded, although it is
possible that at jeast the former oceurs on certain poorly drained sites near the
lake shore. & prosle showing sume resemblance to a podzol iz referred to in the
description of the Bulala series.

Comparison of morphoiogical and aualytical characteristics

Table VI shows the morphelogival characteristics of the main g‘rauﬁs ol lutosols,
melnding the humic ferallitic and sandy ferallitic sub-groups, and the alluvial soils,

Ferruginous soils and ferrisols are ihe reddest, the former invariably, and the
latter sometimnes, having the extremely red appearance of the Munsell 10 I hue
The ferallitic soils are typically yellowish red, zMhough the humic ferallitic group
may also be red.  Allavial soils ate mever as red as the 5 YR hue,

The ferallitic soils have lighter topsoll textures, a sandy topsoil being one of the
main distinguishing features of the sandy Terzllitic group. There is less contrast
in the texture of ihe flluvial {textural B} horizen, but in the sandy ferallitic soils
this is not normally clay, and may be as light as sandy clay Joam. Ferrisols are
distinguished from the other groups of latosols in ihe absence of any marked degrec
of textural differentiation within the profile. In alluvial soils depositional bedding is
present, therefore textures of hoth the topsoil and lower horizons may vary widely.

The structure normally developed i the lower horizons of latesols 18 fine or
medium Blocky, either sub-angular or angular, with a ped size of -1 in. The ped
surfaces commonly, have illuvial ped cutans, the degres of development of these
varying with the grade of structure present. Ferruginous soils have a strong blocky
structure, usually angular, with strong ped cutans. In ferrisols the structure in the
immediate subsoil is often weak; 1t becomes stronger with depth, and m the deeper
horizons ped cutans are invariably present. When gently grushed the peds in {ferrisols
breale down into a weak fine crumb structure. Doth of the ferallitic groups are
massive in the subseil, but himie ferallitic soils may possess a weak structure on the
Jower subsoil.  Alluvial seils are massive if sandy, but usnally contain one or MOTe
clay horizons having a strong, coarse, angular, Blocky stiucture.

By definition the reserve of weatherable minerals within the profile 1s high in
ferrugimous sofls. In the humic ferallitic group, however, shallow profiles occur, in
which miperals are present in the horzon overlving weathered rock.
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TABLE VI—MORPHOLOGICAL CHARACGTERISTICS OF GENETIC S0IL GROUPS
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. - i 3 FERE
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? i - ":l:? Ey
Pl E 5|8
A A =T R
COLOUR | Mottle present T X
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Sandy loam XXX
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In fig. 6 the analytical characteristics of the groups are cofopared. All the
latosols are moderately to strongly acid, contrasting with the afluvial group. The
ferrisols and umic ferallitic soils are the most aeid, with pH 4¢.0-5.0. In the degree
of base saturation in the lower horizons there is a contimuons gradation from highly
saturated alluvial soils, through the TerTuginous and ferrisol Eroups, to the very
strongly leached humic ferallitic soils. Sandy ferallitic soils, howevet, are normally
less strongly leached than ferrisols

The values for Dase exchange in the lower horizons indicate & clear contrast
between the alluvial soils, in winch montmorillonitic clay minerals are present in
considerable proportions, and the latosols, 1n which kaolinitic clay minerals are
dominant, probably with some illite.

In respect of topsoil organic matter content, the humic ferallitic coils differ from
the other groups in containing 5-10 per cent. There is also in the majority ol cases
4 comtrast between the forrisols. with 2—4 per cent., and the sandy ferallific zoils
with less than 2 per cent.

Agricultural properties

The classification outlined above has a penetic hasis; the combinations of
morphological and analytical characteristics that are gsed to define the classes are
srlected according to considerations of the processes of pedogenesis. It is desirable,
however, that any system of soil classification should Liave validity in respect of its
agricultural properiles; for any particular order of the classification, it should he
possible to make. generalizations ahout these properties in respect of each class.

Many of the morpholegical characteristics are of direct importance in arable
nge, The abropt transition between 4 sandy topsoil and a heavy-textured subsoil
in the sandy ferallitic soils is unfavourable to the growth of many erops. The massive-
ness. of the subsoil in this group hinders Toot development; in contrast, the clay
illuvial herizon of the ferpuginons group catl be easily and exiensively penetrated
by roots, owing to the structural planes present. The deepness of the profile in the
farpieols, and the anftness and friability of 41l horizems, favours the eultivation of
pereunial Crops, which require deep oot pepetration, The presence of many weather-
able minerals within the profile in ferruginous soils results in a continugns release of
those putrients which originate partly from rock weathering, particularly potassium,
calefum, and magnesian.

The strong acidity of the ferrisols and humic farallitic soils renders plant nzirients
relatively less - vailable than in the other latosols and in alluvial snils. These groups
are also subject to strong leaching, which will tend to remove added nutrients from
the profile relatively quickly. In contrast the sandy {erallitic soils should nermally
give good fertilizer Tesponse Since they are mitially low in nutrients {ses below).
but leaching 15 currently of cnly moderate intensity, and the acidity is moderate

The values of the three major plant nutrients recorded for the proups is also
chown in the lower part of ig. 6. Nitrogen varies with the organic matter content
(see p. 36); 1t is high (above 0.2 per cent.} in the humic ferallitic soils, and moderate
in. the remaining three groups. Phosphorous and potassium values show more
variation within each group. With respect 10 phﬂsphorous_thg only generalization
that can be made is that it tends to be low {below 20 p.pom) in all the latoscl groups,
but js usually adequate in alinvial soils. Exchangeable potassitim is norinally
adequate in all groups with the exception of sandy ferallitic soils, in which it frequently
falls below 0.4 m.e. per cent. The sapdy ferallitic group is thus usually deficient i
all major nutnents, whereas the alinvial soils have a high nutrient status.
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Environmental conditions

The environmental conditions under which the groups are at present found are
shown in fig. 6. Four groups are caused principally by one dominant factor,
consequently the remaining conditions may vary widely. Lithosols are caused mainly
by the occurrence of steep slopes, from which soil is removed by denudation relatively
quickly after it is formed by weathermg. The composition of the parent rock is
also retevant; acid (siliceous) rocks weather more slowly than basic, whilst quartzites
lack the weatherable minerals necessary for the development of soils other than
lithosols. Hydromorphic soils and the lower members of latosol catemas are by
definition dependent on drainage conditions omly. Ferallitic soils derived from
sandy parent materials are in Nvasaland developed very largely from lacustrne
sands; consequently they occur close to the altitude of Lake Nyasa, under mean
annual temperatures of 76°%77°. ¥

The latocols are distinguished from the ailuvial soils in possessing free site
drainage. It is most commonty the case that latosols occur in areas having tempera-
tures of 66°-70°, whereas alluvial scils are most extensively developed at lower
altitudes with temperatures of 75°-77°. This, however, is principally a consequence
of physiographic conditions, drainage impedance and the deposition of alluviam

being mare common at altitudes close to that of Lake Nyasa. This is shown by the
presence of alluvial soils in the Kasitu and South Rukuru Valleys with a temperature
of 70°, and the extersivé development of ferrisols under temperatures of. 7 1°-75°
south and south-west of Nkata Bay. The alluvial soils are developed under mean
annual rainfalls varying from 25 ins, near Rumpi to nearly 100 ins. north of Karonga.

In respect of rainfall, the main feature of significance is that ferrisols and hurnic
ferallitic soils are developed under more than 50 ins., in contrast to the ferrmzinous
and sandy ferallitic group. The intermediate sub-group of weakly ferallitic soils
is also developed under the lower rainfall characteristic of the sandy ferallitic group.
High rainfall keeps the deeper horizons of the spil continuously moist. When com-
bined with mederate or high temperatures this resnlts in the deep weathering charac-
teristic of the ferrisols. The humie ferallitic soils are developed at high altitudes
with cooler temperatures; the consequent less rapid weathering is partly the cause
of the shallower profiles in this group.

In its most extreme development on the Nyika Plateau, the humic ferallitic
group is developed from igneous rocks of acid compesition. TFermginous soils have
in most cases been cbeerved to overlie basic rocks. The sandy ferallific group is
probably developed from rocks of varied composition. Its occurs principally on the
Mid-Tertiary Surface, on very gentle and gentle slopes. It is provisionaHy suggested
that this group owes its characteristics to the long period of time during which
it has been exposed to pedogenic processes, combined with the very slow rate of
semoval of material from the ground surface by denudation. This has allowed a
soil with *' 0ld * profile féatures to develop; on less gentle slopes the profile is main-
tm‘rxfled at En earlier stage of development through the continuous denudation of the
surface soil. : :

The humic ferallitic soils are developed mainly under a montana grassland
vegetation. The ferrisols are associated with most Brachystegig woodland and
semi-evergreen forest, whilst.-the ferruginous and sandy ferallitic groups occur under
Brackystegia plateau wocdland, The alluvial soils, both on the Karonga Lake
Shore Plair and in valley fldors, are ufider cultivation savanna, and the hydromorphic
soils afe occupied by marsh grassland. © ' '

- - Distribation
- Map X shows the distribution of the nine principal genetic soil types. . Three
sf the classes shown in table ¥ have besh othitted; owing to'the small total areas
which they cover: namely, sandy ferallitic soils with laterite, ferallitic soils with
&1



impeded profile drainage, and alkakine soils. The class of lower members of latosol
catenas camnot be represented on the scale employed; it occurs on lower valley

cides in all areas occupied by latosols. Each of the main latosol types has been
cubdivided, Tegions in which they occur in association with substantial areas of
%ithosols being shown separately. In the case of alluvial soils, regions in which these

are associated with extensive hydromorphic seils have been distinguished.

Soils are influenced by all other factors of the physical environment, a charac-
ieristic which they share with vegetation. The principal environmental conditions
are represented on maps I-IX, and it is of interest to examine the relative importance
of each of these in producing the pattern shown on the soil map.

Fermuginous soils octur in the Misuku Hills (3a, b} (where they are transitional
with ferrisols), in the scarp-foot zone south-west of the Misulkn (2e), in the Middle
Kasiiu Valley {15a), and in & small zone north-west of the Nyika {part of 7a). In
the last case they are caused primarily by parent rock of basic composition. In
the larger areas they ottur on moderately or steeply undulating topography, with
parent Tocks probably of iptermediate composition. The association with moderate
slopes, and consequently with continuous denudation, is of importance in preventing
weathering and leaching processes from reaching an advanced stage; soil is gradually
remaved from the slopes by natural processes, and the supply of rock minerals in the
profile is renewed by the downward penetration of weathering. The absence of
acid (guartzitic) rocks prevents the development of lithosols which would otherwise
rend to form on such slopes.

Terrisols are found on the Toast Misuku Hills (3g, h), the Livingstonia Hills
(10b, ¢, e}, the North Vipya (13a), the Nkata Bay Lake Shore Lowlands (21a, b, <,
d, 1), and the low East Vipya Plateau (1%c, d), on the last of which they are transi-
tional with humic ferallitic coils. There is a clear correlation in this case with the
hjgh-rainfa.!l belt of climatic regions IT and V, having a mean anmmal rainfall of
over B0 ins. The dissected topography of these areas ensures the free site drainage
necessary for the development of latosols under high rainfall conditions.

Hurmic ferallitic soils are coincident with the High Plateau areas (8c, 4a, b, 8a,
d, 18a, b). The operative factor here is the Jower temperature, which is itseli a
consequence of altitnde, and which causes slower decompesition of organic matter.
The characteristically Tigh organic matter content of this group is due partly to
this, and partly to the grassland vegetation. The moderately high rainfall of these
areas causes strong leaching processes. On the Nyika, acid parent material is partly
responsible for the very high degree of Jeaching of bases.

Weakly ferallitic soils are found principally in association with sandy ferallitic
soils, either in catena ot in other forms of association. This class ocours in the Upper
South Rukury Valley (162, d), in two areas to the east of it (17¢, 18a, by, and at the
scarp-foot of the Mafingd Hills (2¢). It1is found on the Mid-Tertiary Surface under
the lowish rainfalls of climatic regions III and IV. Gentle and very gentle slopes
are characteristic; where level plains occur, it tends to give place to the following

group.

Sandy ferallitic soils occupy the Rattest parts of the Mid-Tertiary Surface,
comprising the Fort Hill Plain {2a, b}, the plain west of the Nyika ({7a), and the
Luowewe Plain (11a); they are also found on pediments beneath hills formed of
acid rocks (12b). Denudation is exceedingly slow on the plains, and the soils have
been subject fo leaching Processes for a long period of fime., Consequently they
have acquired a low content of weatherable minerals despite the lowish rainfall and. .
consequent low rate of corrent leaching. The advanced stage of landform gvolution
is therefore the dominant causative factor.
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Your of the above five groups are found also.in association with lithosols; in
many cases these associations are of preater extent than the areas occupied by the
Jatosols alone. In every case the sub-groups with lithosols are formed on steeper
slopes, with consequent more rapid denudation and therefore a tendency for a thinner
soil. profile. The operative factors in the case of the Hthosol.sandy ferallitic soil
association are, however, differsnt. This is a widely distributed class, large zones
occurring west of the Nyika (Tb), and in the Central Mzimba Hills (17}, and smalier
areas being found where patches ol moderately sloping land occur amid hill areas
(1b, 3¢, 4f, 6z, 12d). The steep slopes of the hills are covered by lithosols; more
gentle slopes permit a somewhat decper soil to develop, and a gravelly, coarse sandy
type of ferallitic soil occurs in patches {in the series descriptions below, the difference
in characteristics is exemplified by the Nkamanga serjes of the plains, and the Kafu-
lrule serics of dissected areas). : “

. Ferallitic soils developed from sands are by definition a result of parent material
Afluvial and hydromorphic soils are dependent very largely on topography, with its
affect upon drainage conditions. Tt has been shown above [p. 47) that alluvial sois
of similar morphology are found under 2 wide range of climatic conditions.

The lithesols, which in northern Nyasaland greatly exceed all other groups
in extent, are cansed primarily by steeply-stoping topography. They are also maore
readily developed upon acid parent materals, and their extent is in part associated
with the occurrence of Mafngi Swsiem rocks, contaning numerous guartzites,

and of granite intrusions.

The principal factors which have determined the soil distribution pattern may
be swnmarized as follows:

(i} Two climatic features have sufficiently strong effects to dominate other
{actors: these are temperatures under 65°, and rainfalls over 60 ins. Other
variations im climatic conditions are inswfficiently latge to be a prime canse
of sotl type.

(ii) The major relief units cause the broad division between latosols on the
Micl-Tertiary Surface and lithosols on the hill nnits above and below it.

(i) The stage of piiysiographic evolution reached on the different parts
of the Mid-Tertiarv Surface affects the distribution of the classes of latosels.

{iv) The landforms determine the more detailed soil distributions, within
the above framework; in particular, they determine the relative importance of
Hithosols amid areas in which iatnsols occur. Landforms are also the hasic
cause of the presence of alluvial and hydrormorphic soils.

{v) Parent material causes a number of local soil variations, It should be
noted, however, that it will only be possible to assess its true effects when
detailed genlogical surveys have been carrtied cut: it may prove to be of con-
siderable importance in influencing the formation of the different classes of
Jatosols.

A NOTE ON HORIZON NOMENCLATURE

Horizon differentiation is poorly developed In many tropical soils: furthermore,
she various systems of horizon designation that have been proposed apply principally
1o sofls of temperate latitudas, Therefore terms defined mainly by depth in the
profile have been used throughout the present work, both in the above chapter
and in the soil series descriptions given in chapter XI. These are as follows:

Topsoil: from the ground surface usually to between 4 and 8 ins.; in this case,
heawever, a clear boundary -where the influence of organic matter on
the colotr ceases is usnally visible.

49



Syubsoil: from the base of the topseil to ¢. 18 ins.
Lower subsoil: ¢ 18-C. §6 1ns.

In depth: below 36 ins., particularly from 48 to 60 ins,
1t is convenient to have some Way of referring to the whole of the profile other than
thie topsoil; the term tower horizons is used with this meaning.

The fextural B horizon is that part of the entire profite having the maximurm
clay conient, regardless of 1ts depth, origin, or of the extent of textural differentiation
in the profile. A shaliow textural B horizon is one which occois in the subsoil;
a deep textural B horizon may ecour in tha lower subsoil or in depth, including possibly
below 60 ins, A weahkly developed textural B horizon is one in which the clay percent-
age is only slightly greater than in that part of the profile which ez above it; &
sfrongly developed textural B horizon has a substantially higher clay content than
that of the horizon s mmediately above, and usually has at least twice the percentage
of clay present in the topsoil

References

s ior the classification and nomenclature

| pwurLocs, U 1449,  Prefiminary suggeston
jech, Commi, &,

of Great Soil Gronps in iropieal and eguatorial regions. Com Rur. soil Sci
26-85, see . 7Y

¢ grpenevs, U G, 1056, A mannal wf Anstralian soids.
s P 10

3 yVine, H., 1994 Latosols of Nigeris and su
Gonf., L 205-30B.

i rmpasimov, LT and L. 1 fvaxNoNa, L0564,
RETET] problem of anil classifcation and the inter-re
22, 23018

5 ATRERT, 7., 1404 La. classification des 50
frangatse. Proc. ind jrdar-a fr. Eaifs Conf, & Th5-B,

o 7Y Hoorg, J., 1960 205l map of Africa at the geale of 1{ﬁ,mﬂ.ﬂﬂnu—third draft. Sols df3.
5, 55-B4; fourth araft, mimeopraphed TEPOTL, 1961,

T BRoWER, R 1960, Cutans: Their definiticn, r ecopmnition, andl inteq}retaﬁon. J. seil

Sei., 11, 280-92.

4 GTEPHENS, op. it (1936), p 28
v CLARKE, G. K., 1057, The stwdy nf the soil in the fiefd. b tidn., Oxford, ad pp.

w Grid, B. E., 14958, Clay wrineralofy. WMeGraw-Hill, Wew Yerk, 384 pp.

i Edn., ¥elboarne, a4 T
me related soils. Droc Und qarier-A fr. Bpils

Three scientific tremds in the study of the
lations boiween these trends Soils Ferl.

Is ntilisée dans les territpires iropicawx del'TUnion



CHAPTER V
AGRICULTURE

Northem Nyasaland includes a wide range of topographic conditions, of tempera-
ture and rainfall, and consequently of soil types. As a result of this, it is possible to
cultivate a considerable variety of both annual and perennial crops. It suffers from
the disadvantage of being at the extreme end of & long line of communication with
markats of the outside world. Transport costs to the coast are the highest of any part
of Nyasaland; it is consequently desirable thai cash-crops intended for export should
be of high value in relation to bull. A compensating advantage isthat the population
density, although very variable between different areas, is on average considerably
lower than in the Central and Southern Provinces of Nyasaland; improvements in
nusbandry, including mechanization, need not therefore be subservient to a critical
land shortage. One measure of this advantage is that the number of Master Farmers
recognized by the Department of Agriculture irl the Northern Province is nearly equal
to +hat of the Central Province, despite the smaller area and a population of only
slightly over one third as large.

 The agriculture may be discussed n six divisions, procesding from the shore of
I ake Nvasa westwards and, in general, from wetter to drier regions {se map XIJ.

A. The lgke shore plain. This is a belt varying greatly in width. It includes
the Karonga Lake Shore Plain (6}, a narrow strip of land at the foot of the Lake
Shore Scarp Zone {14) between Florence Bay and Nkata Bay, and the Nkata Bay
Lake Shore Lowlands. This division has the cheapest and easiest lnes of communi-
cation, and 2 relatively dense population which can engage in fishing and trade in
addition to farming. It is at altitudes of below 2,000.It., and iz characterized in all
parts- by mean annuval temperatures of over 757 Most sections receive a certain
amount of dry-season rainfall.

© The Kavonga Lake Shore Plain (6) has a marked rainfall gradient, increasing from
30 ins. or less near Deep Bay at its southern end to more than 90 ins. on the Tanga-
nyika border in the north. Mean annual temperature is over 75%  Soils are mesthy
ailfvial, and many of them are well supplied with plant nutrients, partly as a result of
periodic flooding In the rans. Vields of crops are more dependent on water relation-
ships and weed competition than on the supply of fertilizer or manure. A few cottle
arg kept for work, but the area does not support a very large or productive cattle
population owing to the presence of tsetse fiy in the foothills bordering the plam,
where wet season grazing would normally be found. This is an intensive farming
ared with maize, sorghum, groundnuts, winter cotton, and rice being produced.
Sun hemp for seed and kenaf have also been shown to grow well. Mafura nuts, from
which oil is obtained, are collected from the indigenous tree Trickiliavoka, and exported
to'Tanganylka.

" The Lake Shove Scarp Zone (14) consists of steep slopes falling directly to the lake,
with small patches of alluvial soil at river mouths. The commen practice of growing
cassava on the steep hillsides shonld be discouraged, and cultivation concenirated on
the small level patches near river mouths, in order to provide food crops ior fishermen
and for cotfee-growers in the hills behind. A considerable amount of food is at
present imported from the Nkata Bay area to the South.

The Nkata Bay Lake Shove Fowlands (21) comprise a substantial area with a
rainfall of over 70 ins. rising in parts above 90 ins. This region includes the ridge (210}
running southwards froth Nkata Bay, between the Limpasa Dambo (21g) and the lake.
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Rubber has been grown commercially, and cocoa has been cultivated on a very small
scale. Tea-growing has also been embarked upon commercially, though the area of
suitable soil is very limited, and the distribution of rainfall is such that west of the
Limpasa Dambo, dry-season irrigation becomes advisable if not essential, With
adequate water control the considarable damibo areas could grow rice, but the
inhabitants are traditionally cassava eaters, and averse to the labour involved in
improved farming methods. The potential of this area for perennial plantation
crops and rce is fairly high, provided marketing arrangements could be made.

B. The wet eastern hill and scarp regions. This division is characterized by
vroken topography and high tainfall, - Tt includes the East Vipya Scarp Zone (20),
the North Vipya Hills (13} and Livingstonia Hills (10), and the Misuku Hills {3).
Altitude Tanges from 2,000-6,000 ft. The soils are stony and thin on the steeper
slopes, but on the mere level crests of ridges, and in the valleys, they often possess a
good depth of profile, though they are usually very acid and heavily leached. Where
the land has been well bunded or terraced and liberally manured, food crops of
maize, beans and groundnuts can give reasonable yields, but this Is predominantly
country for the growing of coffee or other perennial plantation crops. Because of the
nature of the soil farmyard manure and non-acid fertilizers can give good responses.
Acidity is probably second only to erosion as a menace to farming in this division.
Cattle could be kept, intensively stall-fed for the production of much needed meat
and manure. Shelter is another necessity to successfnl agriculture here, and forest
products could well piay a major part.

Special mention should be made of the Misuku Land Usage Scheme?, the pioneer
soil conservation project in Nyasaland. By 1938 a large proportion of the original
forest cover of this region had been destroyed, timber was in short supply, and soil
erosion was occurring on a large scale. An energetic scheme, operated by Major D. N.
Smalley of the Nyasaland Agricultural Department, succeeded in greatly reducing
erosion by introducing a systerm of box-idging, between 1938 and 1943. This scheme
considerably antedated the main ol conservation drive in Nyasaland, which
commenced in 1949, At the present day, conservation methods of the steep slopes of
the Misulu Hills are of 2 high standard; thearea js potentially an important producer
of coffee, but it is handicapped by its great inaccessibility.

C. The High Plateaux. This division consists of open rolling grasslands of the
platean surfaces of the Vipya (19}, Nyika (8}, and smaller outliers including the
Mafingi Hills {4a) and the high ridges amud the Misuku Hills {3c). Rainfall vazes
between 40-60 ins. per annwm, and mean annual temperatures are below 65°F.
The altitnde is mainly over §,000 ft. Some dry-season precipitation in the form of
miste may be expected. These areas, because of their exposure and their inability
to produce reasonable food crops of maize, are sparsely populated, and often completely
uninhabited on a permanent basis. The soils tend to be acid, though the nutrient
status of the soilis fair. On the Vipya, past +rials have shown that selected varieties of
wheat, Tye, oats, and feeding-barley can give yields of about 1,000 1b. per acre, though
the most suitable varieties are usually low-quality stock-feeding grains. Potatoes
have also given fair yields and sheep have done well on improved pasturage. The
disadvantage 1s that there are ne close markets for such produce and transport costs
make development aneconomic at present. The Vipya offers very promising conditions
for forestry. On the Nyika conditions are rather more intractable, the temperatures
being lower and the soil more highly leached. Here a forestry project has been
abandoned, as the trees have Dot gTown well, and the difficulties of economic extraction
appear at present to make the project valueless. The high grasslands of the other
outlying areas of this divicion are likewise most suited to forestry, provided that
ecomomic extraction s possible.

0. The Kasitu-Lower South Rukurn Valleys. This division includes the
narrow valleys of the South Rukuru from below Lake Kazuni to the Pwezi Rapids,
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the Lower Kasitu Valley {12}, and the broader area of the Middle Kasitn Valley (15).
Roinfall is 2540 ms. The division is characterized by fat valley floors of fertile
allyvivm, fanked by pediments ol varying widihs with older latosols which are
inherenily less fertile. The population 15 comparatively dense and has been stationary
for many vears. On the alluvitn, monocyopping with maize has produced soils
which respond well 0 nitrogen, even m the rich valley floors. The pediment soils
respond also to applications of phosphate, and salphur may be in short supply {or
groundits, Very lew cattle are kept, though most of the cultivated sous could be
ploughed and crop-production mechanized. [t is possible that this area would be
snitable jor 2 co-operative or contract tractor cultivation service, as cnltivation 1s
irtense and the road network good. This area is the granary of the north, given over

+ mntensive production of food crops, largely maize with some groundnuts and beans,
apd its central position indicates that it should remain 50. Development of the alluvial
soils would appear to require tractor cmltivation and the use of fertilizer with little
rootn [or cattle. On tlie poOOTEr pediments and snrronnding Joothills, however, there
may be stope for the development ol & beel or, where perennial streaims exist, ghee oT
dedry industry te feed the large local population. Tigh farming may also play its part
in the p{rriphm'ni fnnthills, with limited vegetahle produci‘ion Tar the local market.

E. The dry western sl and scarp regions. These regions contrast with division
« 13 * above in having a rainfall of less than 50 ins. They have in comrmon a long dry
ceason. broken topography with shallow lithosols containing pockets of deeper andl
more fertiic soil, and a sparse population. due in part io lack oi & perennial water

supply.

 The Ceniral M i Hills (17) and the U pher Kasti Valiey (18] have a rainfall
of 85-40 ins., and Lie at an aliitude of 4,000-5 500 Tt. Agrluultural putential iz not
high except in the pockets of gond s0il, popralation 13 $parse, and the country carries
Brachystegi woodland of o poor T¥PE. Subsistence Tood crops, grown with the help
of farmyvard mannre and nitrogenons fertilizer for a small cattle-ranching population,
would probably fulfil the potential of the area More hroken parts should be leit to

ihe exploitation of indigenous timber.

The majority of the N¥ ihee EiHs {9 should be 1eft to indigenous forest. Parts of
Hiis avea may be suited 1o ranching, to produce heei, work animals, and store stock for
the more fertile und populons civer valleys., The Plains and Hills West of the Nyika {7
and of the [pper Lufira (4} have rainfall of 406-50 ms. There are a number of
nirrovw, fertile vaileys m these regions. bui the population is sparse and com-
munications #re bad. This iz also probably Test suited to Lide, beef, and store-vatile
production. supported by fond crop farming for the ioeal mhabitants. Until com-
Tunications are improved, little development islikely to take place and the indigenous
Jorest should remain undisturbed.

On the Karonga Scarp Zone (5}, despite 2 rainlall of 40-30 ins., the combination
ol thin, stony soils, steep slopes, & SBVETE dry season, and tsetse fiv make this area an
imest upinhabited wilderness of bush. 1f the tsetse fly could be removed the area
would have a potential for heef and store-cattle production for the populous and
sertile Waronga lake shore plain. In the Ruwenve Hills (1}, arkets and centres of
population are remote, and only high-value cash crops are likely 10 stand the transport
costs. Limited cattle preduction enpported by food crops grown in the more fertile
pockets to feed the local population 18 the oost likely development, with the steeper
slopes and catchments left to indigenons sjmber. Cash income in thiz area comes
largely from. exported labour.

L F. The dry western plains. The two main sections of this division are the
Upper South Rukura Valley {16}, with which may be incinded the Luwewe Plain (11},
and the Fort Hill Plain (2). These reglons have rather sandy soils of moderate to low
fertility on gentle slopes which cat be cultivated easily by ox-or tractor-implements. -




By the use of farnmyard manure and artificial fertilizers supplying nitrogen, phosphates,
. and sulphur, good yields of arable crops may be obtained, but in the absence of good
farming practices the land soon degeneraies and produces very low yields. On the
axtensive dambo areas cattle are kept, and a system of mixed husbandry is not only
practicable but desirable and necessary if yields are to be maintained. Ley farming,
though not entirely proven, is probably desirable, with relatively short periods of
cropping alternating with similar periods under ley, e.g. 3 vears crop—a3 vears ley, or 4
years crop—4 years ley. Populationis not yet large and there is stll room for farmers
to have holdings of 20 acres and over, making mechanization of some sort desirable,
and it is iz the South Rukurn basin that ox eultivation is the most highly developed
in the Northern Province.

in the Dpper South Rukure Valley rainfall is in the region of 30:-35 ins., although
it is probable that areas with less than 30 ins. occur: mean anrual’temperatures are
38°-70° and altitude ranges from 3,500-4,500 {t. In this region mixed farming on
medium-sized holdings of 20 acres or more is developing, with cultivation done by ox-
drawn implements, farmyard manure and fortilizer being applied; a rotation 18
practised which produces maize and finger millet for local comsumption, and ground-
Luts and Turkish tobacco for sale. The people are traditionally herdsmen, and cattle
are being incorporated inte the farming system. The local network of roads is fair,
and produce can be extracted and taken fo the lake at Nkata Bay or to the railhead at
Salima without too much difficulty. It is from this division that most of the export-
able surplus of annual crops can be expected to come.

On the Fort Hill Plain rainfall is of the order of 3540 ins., temperature is 80°=70°,
and altitnde ranges from 4,000-5,000 f. The potential here is similar to that of the
South Rukuru Valley except that the lines of communication are longer and the soils
are poorer. Higher valed cash crops than groundnuts are really needed here,
possibly Turkish tobacco or essential. oils. Ideally products should be processed
locally in order to give local employment and to reduce the buik of the exportable
commodity. Cattle are kept in fair numbers producing hides, ghee and beef for local
consumption.  As incomes increase so the local demand for heef sbould increase
considerably and there is room for expansion of the cattle population to the limuts of

the rather poor grazing.

The potentialities for {uture agricultural development are summarized in map X1
and table VII. The main regions suited for the production of food crops and annual
cash crops are the dry western plains (2, 11, 18}, and the Karonga Lake Shore Plain (6}.
The former at present produce tobacco and groundnuts, and the latter cotton and
rice. Environmental conditions favour the cultivation of perennial cash crops,
including coffee and tung, in the wet eastern hill and scarp regions (3, 10, 13, 20);
limited production of high-rainfall plantation crops, namely tea, rubber, and cocoa, 15
possible on the Nkata Bay Lake Share Lowlands {21). Extensive cattleranching
associated with lirnited production of food crops may develop in the dry western hill
and scarp regioms (I, 4, 5, T, 6, 17, 18), together with limited areas of mfensive
Hvestock husbandry and casir crop production. The High Plateaux (8, 19) hawve
environmental conditions suited to forestry.

More detailed considerations of agricultural practices are given in the sections on
the agronomy of each soil series contained in Part Twos
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CHAPTER VI

NATURAL REGIONS

A patwral vegion is a part of the carth’s surface within which the characteristics of
the physical enviromment are relatively uniferm. When originally defined DY
Herbertson! it was applied to regions of continental extent, but it has since been used
to refer to considerably smaller anits®. The present survey follows the practice of the
Agro-Ecological Survey of Southern Rhodesia® in employing the term natwral area to
denote a sub-division of a patural regior.  In morthern Nyasaland, the natural regions
that have been mapped are of {he order of 500 square miles in extent; the natural
reas are mainly of the order of 100 square miles, but & number of distinctive areas
covering as Little as five square miles have been included.

The method employed distingmishing regions and areas is that of building up
$rom cmaller units to larger; in this respect it differs from the Southern Rhodesian
survey®. In the initial stage of mapping from air photographs, any substantial
cection of country having a uniform appearance was numbered, and its characteristics
poted; boundaries were draw along o1] substantial changes in the appearance of the
photographs, “iewed sterecscopically. By this means nearly 300 primary mapping
umits were distinguished. Following a comparison with field observations, these
were then combined into natural areas. In the further stage of grouping these areas
into patural Tegions, climatic data were also taken into account.

Tt was found convenient to distinguish five © extra-regicnal ” areas, i.e. areas
comman to all regions. The twWo maost important of these are hills, of which the domi-
nant environmental factors are steep slopes and lithosols, and marshes, subject to
annnal fooding and with hydromorphic soils. Two other areas are special types of hill
sones, namely scarps and gorges. A fifth areaisthat formed of lacustrine sands, which
accars i all Tegions that adjoin the shore of Lake Nyasa.

The key to the map of natural regions and areas summarizes the environmental
conditions for the 122 areas shown. The following account is intended to supplement
this key. Firstly, it indicates the environmental conditions that are characteristic
of each Tegion as a whole, and which give to it a unity. Inmost cases at least three

factors are relatively uniform throughout the region, together with other factors which
are uniform except for one or 1wo areas. Secondly, it gives the major gnvirorumental
characteristics associated with each of the component natural areas; commeonly one

factor only is sufficiently dominant to give a distinctive character to an area.

\ The Ruwenys Hills, This s 2 hill region which forms the north-westersn
extrermity of Nyasaland; it has no generally accepted name, and has therefore been
named after Ruwenya Hill (6,233 it.). Lithosols are dominant, apd the population is
very Sparse. Valley-floor patches and dissected plateaus with moderate slopes are
distinguished as area 1b.

o The Fort Hill Platn. A sector of the Mid-Tertiary Surface, lying mainly at
4000—4,500 ft. and draining principally towards the Songwe. Temperatures are
moderate, and the mean aptual rainfall is 3540 ms.; Brachystegia-soberlinia
savanna wondland and sandy ferallitic soils are predominant. Population is sparse

except in small patches.

The main part of the plain, area 2a, lias very gentle slopes, with, broad zones of
impeded drainage in the valley floors. Area 2b, adjacent to the Songwe, is somesvhat
less gently sloping, and includes isolated hills with their surrounding pediments. The
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dissected pediment zone lying below the scarp of the Mafingi Hills, and in which
Chisenga is sitnated, forms area 2¢. Area 2d results from the dissection of the plain by
tributaries of the Luweya. Areas 2e and 2f carry a higher population: 2e is the scarp-

fnot zome below the Misuku Hills, in which ferruginous soils oceur, and 2f is the

Songwe valley floor.

3. The Misukw Hills. A hill region In which relief is dominated by the east-
south-east strike direction of the Misuku Series rocks; high sub-parallel ridges and
deep valleys are characteristic. Rainfall decreases from sast to west, the central areas
receiving 50-60 ins. Despite the predominantly steep slopes, deep red soils cecur, and
parts of the region are closely settled.

3a and 3b comprise the main cultivated areas, slopes being less steep i 3b.
Three High Plateau remnants, retaining montane forest patches, form 3¢, 3d consists
of uncultivated high ridges formed of more quartzitic rocks, with lithosols predomi-
nant, and 3f is the scarp facing the Fort Hill Plain. To the east occmrs a densely-
wooded dissected platean, 3h, with a high ramtall but no cultivation; 3g appears to
have characterstics intermediate between this and the cultivated areas. It is not
ynown whether these two areas consist mainly of lithosols, or whether cultivable soils
occur. 3iis a valley-floor area of Karroo beds, the Nkana coalfield.

4. Plateanx and hills of the Upper Lufira. No single name sxisis for the hill
region, which lies mainly above 4,500 ft. It includes two of the High Plateanx, the
Mafingi Plateau {4a) and the Pirewombe Plateau (4b), together with their bounding
scarps (4c). There 15 also an extensive hill zone, with steep slopes and lithesols; this
has been sub-divided into hills carrying grassland (4d) and woodland {#e}. All the
above arsas are without settlement. A closely-cultivated patch of fertile allnvial soils
forms 3 lens-shaped area in the Upper Lufira valley floor (4g).

5. The Karonga Scarp Zone. Thisis entirely unpopulated, and contains the most
inaccessible country in Nyasaland. It is a hill region, with Brachystegia hill woodland
and lithoscls predominant in almost all areas.

The region may be sub-divided on the basis of landforms and structure. Jaisa
platean on which strectural trends are very clearly visible; it carries numerous low
ridges, probably formed by quartzites of the Mafingi System. 5bisalevel, undissected
raised-beach remnant of Tertiary rocks, probably with ferallitic soils developed from
sands. FEasterly-dipping Karroo beds underlie both 5¢ and 3e, forming a micro-cuesta
topography. 5d is a deeply-dissected hill area, underlain at least m part by Mafing
System rocks. 5f is formed of Cretaceous rocks, which have undergone very closely-
spaced disseetion.

8, The Karonga Lake Shore Plain. A plain, primarily depositional in origin, at an
altitude of 1,550-2,000 ft. Temperatures are uniformly high, but rainfall varies
between wide limits. - Alluvial sotls, hydromerphic soils, and ferallitic goils derived
from sands are predominant. The population as a whole 1s relatively high, but large
contrasts in density occur.

The alluvial plain proper comprises areas 8a—6g, The northemn sector, 6a, has a
high rainfall and extensive areas of dambo soil, and is densely settled. The southern
sactor is sub-divided into a densely settled area with cultivation savanna {6b), and a
sparsely settled area with thorn scrub {6c). 6d, the Wovwe dambo, and &e, the Hara
Plain, have large areas of hydromorphic soils. 6f and 8g have coarse sandy soils, the
former from alluvial deposition and the latter from lacustrine deposition. bh is a
dissected raised beach.

West of the alluvial plain, Tertiary and Pleistocene rocks occur at a slightly higher
altitnde, This sub-region includes a series of raised beaches (61), and an area of very-
closely spaced dissection with lithesols (6]}, Hill areas occur west of Florence Bay (6k),
and north of Deep Bay (61). Population in these latter four ateas is confined to a few
sthall patches. :
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9 Plains and Hilis West of the Nytka. & region lying mainly at &4, 000-4,500 it:,
with moderate temperature and rainlall, The gentler slopes have sandy ferallitic
soils of low fertility, and the hill arcas lithosols. DBrachystegia-1soberhnia and Brachy-
stegig-Cryploschalum woodland predominates; the population is sparse. The region
may be divided mto plains {7a, Tc), areas of moderate slopes [7b,.7d), and hill areas
{Te, 1. Further sub-division "< mnade on the basis that 7c is underlain by Karron
beds, 74 has closely-spaced dissection, and Te consists of ridges with streng structural
influence. L

§. The Nvika Plateqw. This is the most distinctive of all regions in northers
Nyazaland, on the basis of its umilormity of environmental charasteristics, and fle
substantial differences from the characteristics of adjacent regions; its boundary is
clearly-defined, although in places very irregular. It is @ high-altitude, mndulating
plateau, formed of granite. Temperatures are \ow and rainfall is highish, rising toagh
along the sonth-eastern margin. The vegetation is montane grassland, and the solls
are ol the hamic ferallitic group. Most of the region is a.game reserve; it is unsettled
apart from a small area of forest plantation.

The best proserved section of the platecan comprises area 8a. b and Be have
rmoderate slopes, and the latter is characterized by numerous roclk outcrops. Hills
rising above the platean (Rd) inchde the highest polnt in northern Nyasaland, Nganda
Hili (8,551 1t.). . ST

9. The Nwika Hills, Anunpopulated region of deep dissection, steep sJopes; and
Jithazols. The scarps surTounding the Nyika Platean are distinguished as §b. 9
Jiffers from the other areasin that althongh the valleys are deep, slopes are fréquently
only moderate; it represents a evcle of erpsion intermediate betwhen that of 9d and
that of the plateau.

10, The Livingsionia Hills. A high-rainfall region with ferrisols predﬁmmaﬂt
Steep slopes with limited patches of gently-sloping land are. characteristic. An
original vegetation. of moist Brachystegie woodland bas laxgely given place to grassland

o5 o resnlt of clearance and buming. Populaticn is Jow, becomimg moderate in patches.

Areas 10a—c and 10g are underlain by Basement Complex rocks, and 1041 by
Kagroo beds. The most fertile area is the dissected pediment zone which fcéludeés
Nchenachena, 100 consists largely of moderate to steep slopes, whereas in 10c Jevel
patches remain on the interfiuvss, 104 consists of structurally-controlled plateau
rernnants, one of which provides & spectacular site for the Livingstonia Mission. -~

11 The Luwewe Plain, Of the regions which form part of the Mid-Tertiary
Plain, this iz the moest nearly level. . It is dry, with a rainfall of below 30 ins., and
carries a vegetation varying between poon Brachystegia-Julbernardia woodland ‘and
thicket. Soils are strongly feraflitic and of low fertility, with, extensive areas of
impeded drainage.” Settlement is confined to a few small patches

Avea 1la comprises the plam. Within it occur the Vwaza Marsh (11d), and
extensive areas which have a characteristic appearance on air photographs due. to
regularly-spaced large termite mounds {11c). Small areas with more fertile soils, and a
vegetation in which Combretiss ghazalense 18 very COMIMON (11b), are cultivated..

12, The Lower South Rulnru-Lower Kasitn Valley. This region, which inchides
also the valleys of the Luviri and Mwazisi, has the characteristicrelief shown in fig. 1d.
At he valley sides Tise steep hills or scarps. Pediments (12b), with sandy ferallitic
soils, lead dovm from these 1o siver terraces and flood-plains (12a), with highly fertile
alluvial soils. These valleys have a low rainfall, 25-80 ins., but are moderately densely
settled. Also included in the region are level surface remmants (12c}, and an area of
low hills {124d). -
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.12, The Nowth Vipya. Plateaw and Hills. High ramfall, -above. 50 ins. and

-partly. above 80 ins., and highich altitnde are characteristic. This combination. of
factors results ina vegetation cover of either moist Brachystegia woodland or grassland,

Steep slopes with shallow soils are common, otherwise ferrisols qcour, Seftlement
1s sparse. ot

O P
Le

..-Area 13a consists of platean remnants, and 13b comprises hills nising abgye the

“platéan. The stfrounding decply dissected hill zone is Sub-divided into hills with a
“grassland {13¢) and with a woodland (13d) vegetation. The Kandoli Hills {13e], a big
“massive, woodéd ridge, form o southward extension of the region. AR

. 14... The Lake Shove Scarp Zome. A steep, high, dissected scarp, dmppmg ['mm
over £,000ft, 15 the lake shore at 1,550 ft. Rainfall is high, but lithosols predominate

Gywing td the steep slopes. The nortliern secticn, 14b, has'a capping of Karrog teds.

Cultivation is confined to dissected raised beach remnants, 14c, and deltaic allhriial

deposits at the river mouths, 14d.

15" The Middle Kasite Vailey. ‘This region, which lies north-west of Mzuzu, has
deep, red, moderately {ferrginous soils.  The topography is undulating, with moderate

" and gentle slopes predominant. Rainfall decreases from 50 ins. in the east to 30 ins.
‘at the western margin. : o

TheMamamV:ﬂley, i5b, is sparsely setiled, and somewhat more sééépiy_&iég_gétgd
than. the main part of the region, 152, which has a moderate population.- North-east
of Bwabwa Hill is a small area, 15¢, with very much poorer soils, and it is possible that

#gthier such patches oocur in fhe region. I5d is an area with marsh grasshand:-

T NG, Thi Uphir Shith Rekwrs Valley. This s the Iargest natural region that has

“heew distingvishied in northéim Nyasaland; its northefn marg:n grades witllout any
Clea¥ chiinge I chardctafistics into the Luwewe Plain. 1t is part of the Mid-Tertiary
' Suffdce; Iying at 3,500-4,400 fv., with géntlé ‘and very gentlé slapes pizdomingnt.

Mean annual ternperature iz 68°-70°; rainfall is certainly below 35 ins. in"a)l paris,
and possibly falls as low as 25 ins. or lower in the northern section. Frachysiegra-
Julbernardia woodland predominates.

Soil fertility and debsity of settlemient increase from horth to south. Area 18a
has weak ferallitic ahd sandy ferallitic =oils, with sparse cultivation; 15b-15 probably
‘atjll-poerer; tesembling the Luwewe Plain. The level interfluves in lée and 16d carry
wealk ferallitic soils of somewhat higher fertility, and dre densely cultivated; in"16d
these soils predominate, whilst in 16c they are interspersed with poor very sandy soils
on valley sides. 18f has poor soils, with o pattern of large termite mounds prominently
visible on air photographs.

17. The Comival Mzbmba Hills. A north—south belt Iving along the South
Rukum-Fasitn watershed, mainly at 4.500-5.200 it. The majority of the land is
dissected, with moderate siopes. Rainfall is 30-35 ins. Both lithosols and sandy
ferailitic soils of Jow fertility arve extensive. Brachystegia- fulbernardia and Brachy-
stegia-Cryplosepalusn wondlands of a poor, degenerate nature are characteristac,
Although the population is low, large areas are subject to temporary cultivation.

17a and 178 are low hill areas, the latter characterized by broad ridges. 17c¢ 15 an
undulating plain.  t7e consists of a dissected zone at the head of tributaries of the
Sputh Rulkuri.  An area of moderately ferrile red soils, I7c, oceurs around Mount
Hora, principally on pediments of a group of hills.

18. The Upper Kasitu Valley, The east side of this vallev is formed by the scarp
of the Vipya Plateau (184}, while the west side leads dawn from the Central Mzimba
Hills. Pediments, with gentle slopes, predominate boili in the valley proper, 18a, and
in an area with hills commen, 185, 18¢ consists of valley-floor zones amid hills, ‘The
population of the region is moderate. The rainfall is probably 35-40 ins., althdugh
records are lacking,
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18. The Vipya Plaieau. This is characterized by highish rainfall and a montane
grassland vegetation, The western part, areas 19a and 19b, has a high altitude and
low temperatures; humic ferallitic soils are common, and forest plantations are the
principal land use. Bare rock hills fortn a striking feature of the scenery of this sub-
Tegion,

An eastward-facing scarp, 1¥e, separates this from an eastern sub-region, This &
of moderate altitude only, and the gentler slopes are occupied by ferrisols. Moist
Brachystepia woodland occirs in addition to grassland, and estate cultivation of tung
is practised.

90, The East Vipya Scarp Zone. A deeply dissected, inaccessible hilt area, in
which lithosols are predominant, and settlement is confined to a few small parts. Itis
characterized by a high rainfall, and by the presence of very deep, steep FOrges, 20D,
along the main tributaties of the Luweya River. Anarea ofless high relief and moder-
ate slopes, 20c, includes ferrisols on which coffee is grown. 20d is an inaccessible
dissected plateau, without settlement.

9). The Nkata Bay Lake Shore Lowlands. Dissected topography with moderate
slopes but lowish relief is characteristic. Temperatures are high, rainfall exceeds 70
ins., and winter rain occurs, The soils comprise an association of ferricols and lthosols;
semi-evergreen forest occurs on the former, and moist Brachystegia woodland on the
latter. Population is moderately high along the coast, becoming sparse inland.

91a and 21b are dissected arcas lying respectively west and east of the Limpasa
Dambo (21g), a broad marsh; siopes are less steep, and lithosols less extensive, in 21b.
21c and 21d comprise level, undiseected surface remnants, with deep, stoneless,
ferrisols; the latter is nnderlain by sandstones. 911 has similar topography, but the
nature of its soils is not known. 2le consists of fertile areas of sandy alluvium, entiely
under cultivation.
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- CHAPTER Vil
SOQIL SERIES: INTRODUCTION

This sectwm gives descriptions of the soil series that have been identified ity -

northern Nyasaland. These are hamed after losalities in which they are well de-

veloped. In the majority of cases they have been defined by means of morphological *

characteristics, observabie from a soil inspection pit. Analytical properties ate glver X
as accessory characteristics, although in a few ingtances lifrlited ase has been madée'of ™

them in the definitions. A classification of the series into soil groups'is given in fable

Y {p. 41). Chapter IV gives descriptions of these gronps, and a discussion of thait

relation to environmental conditions. Keys to the identification of series within each
natural region are contained in chapter VIIL | L

The soil sertes is defined as a group of scils he-wjng horizons similar in differentia-

ting characteristics and arrangement in the soil profile, and developed from a particnlar
type of parent material'. In carrying cut an extensive survey it would be possible to
classify almost every profile encountered as a separate series, which wonld be of- very

limited value eitlter in increasing knewledge or with respect to practical applications.

There is the converse danger, in seeking 1o aveid this,. of classifying together doils

having snbstantially different characteristies, including agriciltural properties. - The

policy adopted has been firstly, to allow a certain Iatitude in the series definition in
cases of profiles occurring in contignous areas; {orexamplea range ol two, or dceasi-
onally three different subsoil textures, or structural grades, is permitted in one series,

_provided that the profiles are not separated by any great distance and provided that

other envirommental factors, such as aliitude and vegetation, are similar. But
secondly, soils having fairly similar characteristics but ocenrring in widely separated
areas or under substantially different environmental factors have been distmpuished
as separate series, owing to the probability that their agricultural properties will differ.
This is particularly the case with the ferrisols; examination of the motphological
descriptions of the Chinyakula, Mazamba, and Uzumara seres will show that they are
not wholly distinguishable on the basis of differentiating characteristics, but thev occur
in separate areas, each with a different altitude range.

A total of 31 series have been defined, together with four soil classes that have
not been examined in sufficient detail for seres to be determined: these are dambo
{hydromorphic) clays, sandy dambo soils, alkaline soils, and lithosols. In six cases
phases of a series have been distinguished; these have the same general properties
as the series but differ from it in respect of one characteristic {in three cases profile
depth}.

In subsequent more detailed mapping it will be necessary to subdivide many of the
series described here. It is suggested that this should be dome by restricting the
present series name to a more closely-defined cornbination of characteristics, and
establishing new series to include soils which do not conform to these. It will also
be necessary to create a nuinber of new series on the lower parts of catenas, which have
not been examined in detail in the present survey,

In each of the following accounts of series the differemtiuting characteristics are
given in the first paragraph of the description of morphology. These are the character-
istics which fundamentalily affect the form and behaviour ol the soils?, and which
have been used to define the series. Subsequent paragraphs give the accessory
characleristics; these are properties which normally accompany the differentiating
characteristics, but which may vary somewhat bevond the stated limits without
affecting the basic form or behaviour of the seil, and therefore without excluding it
from the serjes.
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(rwing to the fact that in each series some features are of basic significance
whereas others are of subsidiary importance, it has been found unsatisfactory to
prepare a dichotomous key to the identification of series. Instead, the morphological
and analytical characteristics of all the series are shown in tables VIII and IX;
by inspection of these it should be possible to see which of two or three series a profile
encountered in the field is kkely fo belong to; reference can then be made to the des-
criptions of these series, from which those characteristics that are of fundamental
importance can be seen. It should be noted that to determine a series a soil inspection
pif and a Munsell colour chart are necessary, since in the series definitions considerable
tise has been made of (i) the grade of structure (absent; weak, moderate, or strong)
it the subsgil and lower subseil®, and (ii} the Munsell hue (i.c. the page of the Munsell
colour book) of the reddest horjzon. The colours given are in every case those of the
moist soil examined in the field

The environmental conditions associated with each series are shown, In table X1,
and the range of nutrient status that has heen recorded up to the present in table X.
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CHAPTER VIII
SOIL SERIES: REGIONAL KEYS

Maps of soil series, showing the precise boundaries between each series, can only
be produced as a result of detailed surveys on a scale at least as large as ! : 50,000,
In the present more extensive survey it is only possible to give the seres that are
most likely to be encountered within each natural region and area.

The following keys enable a soil encountered in the field to be'identified as belong-
g to a particular series. The series known fo occur in each area are given in the
legend to the map of natural tegions and areas. It is probable that additional series
will be found to occur in many of these areas, and therefore the keys have been
constructed to apply to all ateas of a region. Since both lithosols and hydromorphic
soils occur in almost all regions, the key to these is given separately, preceding the

regional keys.

To identify to which series the soil at a particular site belongs, the procedure is as
follows:

1. Find the position of the site as closely as possible on the map of natural
regions and areas. In some cases it may be necessary to take a compass bearing and
pace the distamce to the nearest point identifiable on the map. Note from the map
the natural region and natural area in which the site lies.

2. Dig a sol inspection pit 6 ft. in depth. Examine the {ellowing four horizons:
topsoil, subsoil (i.e. at ¢. 12 ms. depth), lower subsoil {c. 24-30 ins.), and s depih
{c. 4860 ins.). Record for each of these horizons the colowr, including whether mottling
occurs, the fexture, and the struclure. Note if sfoues, gravel, weathered rock, or iron
concretions are present. Observe any other salient features of the profile, particularly
if any sharply defined boundaries between horizons oceur.  Reference may be made to
standard works on scil profile description 1. 2

3. ¥rom the key to all regions. (p. 66}, determine whether the soil belongs to the
groups of Lithosols, Dambo Clays, or Sandy Dambe Soils. If so, it will not have been

defined as a series.

4. Eonsult the map of natural regions and areas. Note which series are lmown
to gecur in the natural area in which the soil is sifuated.

5. - Censult the relevant regional key. Consider first whether the characteristics
given under *° A"’ are present in the soil profile. If not, consider " B ', and if the
characteristics given there are again not present, proceed successively to the other
sets of characteristics headed by capital letters, until one is found to which the profile
conforms. Either one series is given corresponding to this, or alternatively it will he
necessary 1o consider whether the additional characteristics given under “2 " or b "
are present. This gives a provisicnal identification of the series.

6. Turn to the relevant series description {see pp. 75-107). The first paragraph
of the description of morphology in this gives the differentiating characteristics,
which define the series. If the profile conforms to these, then the identification is

confirmed.
Stages 6 and 8 may be illustrated from the key to region 12 (p. 68). Considering

“ A", suppose that there are no iron concretions in the fopsoil, subseil, or lower

subsoil of the profile examined "B " covers scils in which depositional bedding
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occurs; this is indicated by sharply-defined changes in texture, and usnally in other
properties, between adjacent horizons. Supposing that this feature is observed in the
profile, consider ~a” and ‘b’ if the topsoil does not consist predominantly of
coarse sand, but all horizons are greyish brovn and there is a mottle in depth, then the

profile 18 provisionally identified as belonging to the Rukuru series.

From the series

description. (p. 101), this is corfirmed if any clay horjzons present possess a strongly

developed, coarse, angular blocky structure.

th¢ avea in which the soil odeurs, provide a satisfactory, identification.

" “Tt:may be noted that in constructing a"keiy of this nature, soils with exceptional

r

Tn thisfistance two analytical features
are included in the definition, but the morphological, characteristic

5, combined with

characteristice are inevitably placed first. The hoffnal, and most extensively
developed, soils of the region are i most ¢ases found at the end of the key. :
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.. Tc’psoil snndy loam or loamy sand; massive or with-weak structure in all
N horizons: . .
a. Tower subsoil dark 1ed . .-
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A,

Al

Lower horizons purplish-red, with much mica

From subsoil downwards red or dark red, sandy clay or clay:
a. Lower subsoil with strong blocky structore

b. Lower subsoil with weak or moderste structure, texture
_ relatively yniform throughout profile

4. Plafequy and Hills of the Upper Lufiva

Depositional bedding Present greylsh browm, mottled in depth levrel
valley flogrs ..

Topssil dark brown or black, with many voots and strong crumb struc-
ture; high altitode . . _ . .

Far

Topsoil sandy loam or loamy sand; massive or with wealk structure in
all horzons:
a. Lowersubsoil datk ved .. . “r

Iy Grawvel absent; lower subsoil yellowish red, at least as red as

¢. Grawvel orstones present above 80 ins,; massive and less red than
E YR in all horizons ..

A, Harvonga Scarp Zhne

Topsaoil and sehsoil sand to coarse sandy loam, no horizen redder than
5 ¥R
a.  Weathered rock or gravel above ) ins. 'pa.rent material cryvstal-
line rock; sloping site .. . : -

L. Profile desp, no gravel present, pa.rent maberial Eﬂdtmﬁﬂt&r\r
rock: level site . .- .

G. Haronga Lake Shore Plain
Coarse sand present in substantial amounts, often exceeding bne; po
Lorizon heavier than sandy clay loam:
a. Coarse sand or loamy coarse sand in all horizons ..
b. Slight downward increase in clay, heaviest horizon sandy loam

e, Suhstantial downward increase im clay, heaviest hotizon sandy
clay loam, subscil dark reddish brown

Tine sand dominant over coarse, depositivnal Ledding present, greyish
brown -
a. Subsvil clearly mottied, roots in topseil stained reddish brown;
subject to annual flasding .. s . “
9. Subesil nnmottled or with faint mottle; at least one sandy clay
or clay horizon above 26 ins. . . e
¢. Subseilunmottled: nohorizon above 36 ins. heavier than sandy
clav loam C . . o . o

7. Plains and Hills West of the Nytha
Sabsoil with strong blocky stracture, sand} clay or clay, at least as red
az 25 ¥R . . - .
Topsoil sandy loam or Inam}' sand all horizons massive or with weak
structure:
a. Gravel absent: lower subsnil yellowish red, at least as red as

YR . . - .. wa .
1. Gravel or stones present a.bm e §0 ins,; massive and lesy red than
£ YR in all harizong Y ‘e ‘e .
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Misnhe, Wtﬂdmdi-
fhase

Misuku -

Ferrisols

Alluvial, probatdy
Rrkurw

Hamic ferallitic,
possibly Nyiks

Fort Hill, Maflnge
Fhise

Fort Hifl

Wenye

Fafuhule

Munkfhambira,
passibly  Florgnee
Baxy plaze

Kashalu
Manfhambira

Monkkambira,
Flavence Bay phase

M urenfisie
Muaronge

Lughali
Chinnnfa

Favl Hill

Wenypa



A

Co 8. Nj"ikﬂrfmﬂ. . AR
Topspil dark brown of Black, with many rToots and strong crumb
gtructure: . o . I EE
3, Weathered 1ock commencing between 1B and 36 ins., notred i

any horizon . .. e L e

. No weathered rock above 36 :ns.. becoming red in.depth -
o, Nyika Hills |
Topsoil and gubspil sand to loamy SOATSE sand, oot red inany horizon -

10. Livingsionia Hills

Weathersd rock present above 48 ins.: )
a. Subsoil yeHowish red; overlying sedimentary rocks T

1y, Subsoil dark; overlying crystalline rocks .- P

Wo weathered rock above 48 ins.; from subsoil downwards red or dark ~

red:
4. Subsoil and lowet gspbsuil clay, lower subsoil with strong blocky
siructure - . e e ‘- .
b, Subseil sandy clay or clay, lower subsoil with wealk of inoderate
structure . . . .
¢ Subsoil sandy clay loam lower subsoil with weak oT modesate

r
slructute - .

44 -

11, Ltiwews Plééﬂ

Massive laterite, or abundant {ron concrstions, present above 36 ins..
topsoil sandy .. . .- . . . C

Depositional bedding present, greyish browd, mottled in depth; level
site, tall dcasia glbida frecs common . .- .- ‘e

;s brown in g1l horizons, usnally mottled in depth, but oo deposi-
tional bedding; Combretumnt ghazalense bushes cOMMOR . .

Very sandy, 1o horizon heavier than sandy clay loam, Coarse gand
sucoeds fine; valley sides s .. .

Abrupt textural change betwesn sandy topsoil, and subsoil at least as
heavy as sandy clay leam; subspil massive:
2. Lower subseil yellowish red ot reddish brown (B ¥R, massive
1, Lower subscil red oT reddish brown (2.0 TR, with weak or very
weak Moeky structure . .

Topsoil sandy, but downward increass in clay graduaal: lower subsoil
yellowish red .. o . . .

.+ e

am + 2

+ +

12.  Lowsy South Ritheri——Lower Kesilw Valley

Massive laterite, of abupdant iTon concrstions, present above 36 ins.:

‘topsoil sandy - ‘e . . . . .
Depositional beftding present; alluvial parent materials, Jevel site:

a. Topsoil sand or loamvy COAIES sand C . .

b. Greyish brown in all Lorizons, mottled in depth; tall Acacia

aIbidn trees common .- s . o ..

Topsoil and subsoil sand or coarse sandy toam, but no depositional bed-
ding, parent material rock . . . .

Greyish brown in all horizons, usuatly mottled in depth, butno deposi-

tional bedding: Combretiss ghazalense bushes common .t

Abrupt-textural change between sandy topédil, and subsdil at least as
heavy as sandy clay loam;-subsoil massive: -~ - e
2 " TLowersubsoil yellowish red or reddish trovwn {5 YR}, massive

b. Lowersubsoil red or reddish browa (2.5 YR), with viéak or Very

vypepk blocky structure .. - . e VR e

a8

Nyiha
Nyika, decp phase

Kafuhule

Ferallitic suils
detivedl from
arroo sediments

TFzumera, shallow
phase

Livingstonia
TTausnatd

Nrohenachena

Jalira
Raulrurit
Fapemba

Bulala

Nhamanga
Rumpi

Mpherembe

Jalive

Kashata.

Hukurn
FKafukule

Kapentha

Nhamenga

Rumpi

=t

i

T TR Ty




A,

A

13, Noewh Vipya Plateawn and Hills

From subsoil downwards red or dark red, and sand}f claj,r or clay:
a. No weathered rock abovo 48 ins. . .

b, Weathered rock present above 48 ins.

Tapsoil dark brown or black with high orpanic matter, subsail yellowish
red; altitude above 5,500 £t " . . .

14, Lake Shors Scavp Zone
Irom subseil dewnwards red or dark red, and sandy clay or clay:
2. No stones, gravel, or weathered rock above 8 ins, ..
. Stemes, gravel, or weathsred rock present above 60 ins. _
Topsoil and subsoil sandy, with a substantial proportion of coarsésand:
a. Coarse sand or loamy coarse sand in all horizons

b. At least a slight dowoward inereaze jn c]a.v, usua;]l}r with the
heaviest horizen sandy clay loam .

Grevish-brown in all horizons, usually mottled m dept:h sand fraction
mainly fine sand, depositional bedding Tresent;

g. At least one sandy clay or clay horizem above 36 ins.
bE. No hotizon above 36 ius, heavier than sandy clay Joam

1. Muiddls Kasifn Valley
Extremely red (10 R} from subzoil downwards, moderate or strong fine-
medium blocksy stracture in subsail .. .. ..
Sandy topsoil, subsoil mottled, but site drainage free
16, Lipper Sovidl Rubwry Vallzy

Massive laterite, or abundant iron conczetions, present abowve 36 ina.
topseil sandy . iy

Very sandy, no horjzon heavier thaa sandy clay loam codrse sand
exceeds fine; valley gides .- . . i —a

Greyish brown ir zll herizons, uwmally mottled in depth; Combretrem
phazalenss bushes common . .
Heaviest horizon sandy clay loam; lﬂwer subaeil }-'e]low.lsh rad
Heaviest horizon sandy clay or clay:

a. Znbscil massive, yellowish red or reddish brown (5 TR)

b. Subsoil with wealk fine-medivm blocly structure, usuaIl}r red or
dark red

17. Cendral J'sz'mha Hﬁis, .:md 18, Up_-ps:r Hasiin Vai?ﬁj’

Topsoil and subseil sand or coarse sandy loam: notred in any harizon
Red from the subsoil downwazds:

a. No clay horizcn; on pediments

b Clay horizon useally present A
19, Vipya Platgu
Topsoil dark brown or black, with many roots and sirong crumb strac-
ture; grassland:

8. No weathered rocl above 56 ins. .

L. Weathered rock present above 56 ing. “

Topsoil dark reddish brown; ne weathered rock above 60 ins.

2.  East Vipya Scarp Zope

Topsail datk browa or biack, with many roots and s*mng crumb strue-
ture; prassland .- “a .

From subsoil downwards red or dark red, and sandy -:la.:,r or clay:
a. No stones, gravel, or weathered rock above 60 ins, .
b Stones, gravel, or weathered rock present above 60 ins. .

69

Urmara

Urumara
frhase

shallow

Humic ferallitie
F0alY

Chinyakula
NEaig By

Hashatla
Aendlhambirg

Karopga
Luwghali

Fhuwendent

EBwabmwa

Jalira
Lulala

Kagpemba
A phevembe

Humpi

Lowdon

Hafulwle

Jondalnla
Ferrsols

Fipya
Figye shallsw
Phaze

A wzambe

Vidya

Gh*ﬂyakuf&
Nhata Day



21, Nheis Bay Lake Shore Lowlands
with = substantial propnrtmn of coarse sa,nd

A, Topsoil and subsoil sandy, .
‘a. Coarse sind or loamy coarse sand in all horizons- . Kuashaia
'b. At least a skight Jownward increase in clay, usua.lly with the : .
Mankhambira

heaviest horizon sandy clay Ioam -
! T Topsoil and subgoil coarse sandy loam oT COaTSE E-E.'I'ld}" clay loam, lower
subr-aoil red . Chombe
¢. From subsoil duwnwatd
a, No stones, grav
L. Stones, gravel, o7 WiR

5 red oT da.rk red, anrl Eaﬂd}' 1:‘.la}T or cla:f.r :
el, or weathered roek above B0 ins.
thered rock present above ﬁﬂ ins. -

Chinyakils
Nhaia Bay

T
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CHAFTER IX
S0IL SERIES: DESCRIPTIONS AND AGRONOMY
BULALA SERIES
DESCRIPTION

Genetic type. Strongly ferallitic sandy latasel.
Parent material: Basement Complex rocks. :
Site: Gently sloping valley sides, 2°-4°, 3,500-4,500 ft. T

Vegetation: DBrachystegia-Julbernardia woodland Xevomplis chovata cotninion.

Occurrence: Upper South Rulcurn Vafley, Natural areas 16c—e. In catena below the
Loudon and Mpherembe series,

Moyphology . In all horizons the colour becomes no redder than the 7.5 YR hue, the
texture no heavier than sandy clay loam, the coatse sand fraction exceeds the fine
(normally by 50 per cent. or more), and the stracture iz from single grain to
weakly massive.

The topsoil is a loamy coarse sand or sandy loam. There is a continuous
downward increase in ¢lay to a maximum of 20-35 per cent. Despite a low
organic matter content the topsoil is very dark grey (10 YR 3/1), contrasting
clearly with the brown subseil. The clay minerals are predominanthy kackinitie,
as indicated by subsoil base saturation values cloge to 10 per cent. per 100 g. clay.

In ome profile of this series certain resemblances to features of a podzol were
observed. From 36—48 ins. a patchy grev organic matter staining occurred;
below 48 ins. the colour was strong brown, and smnall ferric iron concretions were
COTMON.

AGRONOMIC DATA.

Type Sites: The lower slopes of the gardens of AX at Kanyaniji and A1 at Bulala.
The nursery and land below the training school at Mpawa.

Potentinl - A soil of moderate potential only for arable farming. Sparsely cultivated.

Nutrient status of topseil: Grey brown sandy loams or loamy sands (colour range
moist 10 YR 3/1) which may get rather acid. Total nitrogen is low (.04 per cent.
or less). Available phosphate status is variable from adequate fo low and the
<oil should be sampled before phosphate recommendations are made. Sulphur
may be a limiting factor for groundnut production.

Agricultural characteristics: The profile is deep and offers no hindrance to root
development. Drainage is free. The soil is easily worked and easily eroded, as
nidges rapidly get flattened in heavy rain. Well cnltivated local matee should
yield 4 or 5 bags per acre, groundnuts 500-800 1b. per acre, and finger millet
800 1b. per acre. This sofl should not be cultivated without the use of manure or
fertilizer for more than two or three vears.

The soil is moderately responsive to fertilizers and manures, but would

probably dé bétter ds permanent pasture or trees, as-it-lies in-catena below fhe.

Loudon and Mpherembe series which have a better farming Potentia.l.
78




 Responses fo fertifizers: (Data from Mbawa -57 and Bulala "58 and "59). Nitrogen

and phosphate at low levels give large responses. Sulphate of ammonia will give

increases of 5 bags, 2 bagsand 1 bag per acre maize for SUCCESSIVE increments of
100 1b. per acre S{Aup to a limit of 300 1b. The maximum economic dressing of
single superphosphate, 200 1b. per acre, will give increases of up to 2 bags per
acre maize. No figures are available for responses 10 FY.M. A 200 Ib, per acre
dressing of SfA has raised finger millet yields by 1,000 1b, seed. A 200 ib.jacre
dressing of gypsum has raised groundnut yields by 300 1b. per acre seed,
F¥ M. should give big increases, if it contains adequate nitrogen.
Suitable crops for the ared: :
Turkish tobacco
Groundnuts
Finger millet
Maize
(zTass

BWABWA SERIES
DESCRIPTION

-Genetic type: Ferallitic soil with impeded profile drainage.

r

Pavent material: Basement Complex rocks, probably mainly schists.

Site: Gentle and moderate slopes, 3.600—4,000 ft.

Vegatation! Bmr:kysiagia—j-umemwdia woodland; Acacia albida and Piliostrgma
thonningis COMMOon. -

Oceurvence: North-east of Rwabwa Hil], natural area 15¢; possibly also in parts of
natural areas 154, b,

Morphology: This series is characterized by an abrupt textural change between a

sandy topsoil and a heavy-textured subsoil. ‘The topsoi] is a sandy loam or loamy
sand, with massive structure. The lower horizens are sandy clays, and are
mottled: typically the mottle is faint in the subsoil and clear or prominent in the
lower subsoil. The profile is often shallowish, becoming pravelly or stony at
between 1% and 56 s,

This combination of characteristics pives the series 2 particulari}? high
susceptibility to ercsion. Due to overgrazing this has in fact occurred, and it is
possible that the soil as described Tepresents & truncated profile.

AGRONOMIC DATA

Type sites: North east of Bwabwa Hill. No data available. A highly eroded and
erodible soil type best put down to permanent pasture and utilized through live-
stock products. '

CHINUNKA SERIES
DESCRIPTION
“Genetic type: Ferruginous. latesol.. .

Parent wmalerial: Rasement Complex rocks, of basic. composition, Including &

charnockitic granulite, with biotite, hypersthene, plagioclase, quarts, and
inicrocline. - )

i 16
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Sife: Level to moderately sloping, 0°-8°, 4,200+-4,600 ft.

Vegetation: Brachystegia-Isoberlimia woodland; Piliosiigma thonningit and Parinari -

wobola COmINON.

Oceurrvence: Close to hills which form the northem margin of the Fc:rtI-]'JJl Plgm

incluging at Nkangwa, Chinunka, and Ibanda. Also west of Ntalire: Natiral
area e, : .

Morphology: The subsoil is clay or sandy clay, and at least as red as the 2.5 YR hee.
The lower subsoil has a strong fine blocky structure, with strong or mederate ped
cutans., There is a strongly developed, usually shallow, textural B horizon.’

The topsoil is typically sandy clay loam. A moderate blacky structure is
present in the subscil. The colour below the topsoil is red or dark red within the
peds, but the principal colour seen is the reddish brown of the ped cutans.
Permeability is moderate. There is a substantial mineral reserve in the lower

" ‘horjzons. Depth is moderate, rock commencing at between 36 and 60 ins.
Acidity is moderate in all herizons.

AGRONOMIC DATA

Type siies: Nkhangwa, the A.1’s garden at Chinunka and the ga.rdeﬁ of T. Msupole,
 Ibanda Village. P,
Potential: A soil of moderate potential for arable crops if well managed.

Nutrient status of fopseil: Dark brown sandy clay loam (or sandy loam) (colour range
moist 7.5 YR 2/2) in which acidity shenld not normally be a problem: Total
nitrogen is mederate to borderline (about .10 per cent.], available phosphate is
variable but often very low, and potash is adequate.

Agronomic cheracteristics: The profile is of moderate depth varying from 3 to 6 it.
The soil is moderately easy to work, but a heavy ¢lay horizon not far below the
surface may give Tise to a hard pan. Permeability is only moderate. Well
cultivated but unmanured maize vields may fse to 12 bags per acre in a good
season. Groundnut yields of about 80 ib. per acre may be expected. In spite
of a substantial mineral reserve in the subsoil, it is unlikely that this series will
support arable cultivation for more than 3 or 4 vears withont manure and
tertilizer. The soil will however respond readily to fertilizer and good manage-

ment.

Responses fo fertilizers: [Nkangwa 59 and 60, Thanda '59 and "60, Chinunkay. Sul-
hate of ammonia may be expected to give large Tesponses, increments of 8 bags
and 7 bags per acre maize being obtained from snccessive increments of 100 Ib.
pér acre S/A up o 200 ib. per acre. This appears to be by no means the economic
limit, and dressings of 400 1b.facre or more may be worthwhile. Where available
phosphate is low large Tesponses may be expected from a 200 Ib. facre dressing of
single superphosphate, amounting to some & bags per acre maize. Itisnot Lkely
that heavier.dressings will De cconomic. 11l the one trial on this soil type,
undnuts have not responded to either X, P or S, though yields were low and
available phosphate neghigibie. This finding needs to be checked.

Syitable crops for the area:
Maize
Groundnuts
(Grass

e b



CHINYAKULA SERIES

DESCRIPTION
Genciic type. Fermsol.

Parent maierial: Basement Complex rocks.

Site: TFrequently on neatly level areas, 1,700~1,900 ft. ; also on toderate slopes up Lo

3,000 ft.

Vegetation. Semi-evergreen forest.

Occuprence: Limited areas ol level ground south-west of Zkata Bay, particularly near
Chinyakula. Ferrisols near Chikwina have provisionally beer included with this
ceries. Natural areas 20g, 21c, 1.

Morphology. From ihe subsoil downwards the colour is between the 2.6 YK and

10 YR hues and the texture sandy clay or clay. The textural B horizon is weakly
developed and deep. The series is strongly acid. The profite is deep and stone-
less, with no signs of weathered rock at 60 ins.

Even under forest, the topsoil reaches the 5 YR hue, with an organic matter
content of 2-% per cent. The lower horizons are weakly structured, freely
permeable, and easily friable.

This series was previously described in Ann. Rep. Dept. Apric. Nvas. Pt 11

1968/9, . 148,

AGRONOMIC DATA
Type sibes’ Chikwina colfee nursery ] Chinyakula.
Potential: A soil of moderate to good petential for acid tolerant crops. Widely
cultivated. -
Notrient status of fapsoil. Dark reddish brown sandy clay loams (colour range moist

25 YR 3/4) which are distinctly acid (pH 4.7 or lower). Total nitrogen is
bordesline to low (.10 per cent. of less) and phosphate and potash are variable

bt nsually moderate.
Agronomat haracteristics: The profile 1s deep and freely draining. The soil is friable

and easty worked, With adequate manure and fertilizer it should yield good
arable crops, but is probably better utilized for plantation crops such as coffee,

citrus, bananas and pineapples.
Responses fo ferilizers! Na data.

Suitable crops for the areg:
Coffee
Citrus
Maize {subsistence]
Cassava (subsistence)
Grass
Timber
78



._._..__...gmq...:. TR TE I
i

CHISENGA SERIES
DESCRIPTION
Genetic type. Latosol, ferallitic in the upper horizons but ferruginous in depth.

Parent material. Basement Complex rocks of the Mafingi Series, and colluvium
derived from these,

Site: Dissected pediments, gentle and moderate slopes, 2°-8%; 5,000-5,300 £,
Vegetation: Brachystegia-Cryptosspalum woodland Anisophvliea pomifera common.

Ocourrence: South of Chisenga, close to the scarp-foot of the Mafingl Hills. Natural
area 2c. '

Movshology. The topsoil and subsoil are sandy clay loams or sandy loams, massive
or with very weak blocky structure only, and with no ped cutans. At approxi-
mately 18 ins. this gives place to a strongly-developed B horizen of clay, with 2
weak medium blocky structure and weak ped cutans; in depth the structure and
cutans become of moderate grade

The subsoil is dark reddish brewn (5 YR and the clay horizons dark red
(2.5 YR}, 60 per cent. of clay has been recorded in depth, but the spil remains
Friable and with moederate permeability. This is due to the dominance of kaoli-
nitic clay minerals, indicated by the very low base saturation values {(3~12 m.e.
per cent. per 100 g. clay). The mineral reserve is very Jow in the subsoll, but high
i depth. The series is moderately to strongly acid.

AGRONOMIC DATA

Type sites; 2 miles south of Chisenga on the main road.

Potential: A soil of moderate potential for annual arable crops, similar to but poorer
than that of the Chinunka series.

Nutrient status of fopsoii: Dark red brown sandy clay loam (colour range moist about
5 YR 8/3) inclined to be acid. Total nitrogen is low (.06 per cent. or thereabouts),
as is available phosphate (15 p.p.m. or thereabouts). Potash status iz adequate
for the present.

Agronomac characteristies:  ‘The profile is deep, but root room may be restricted by
compacted subsoil. Structure is massive, but the clay fraction is kaolinitic so
+hat the soil is fairly friable and permeable. Mineral reserves are very low and the

<oil should not be expected to grow crops without fertilizer for more than 2 or 3
years. Thereare no data available for this soil type, and pending further informa-
tion it should be treated as a poorer version of the Chinunlka series soil, to which
reference should be made.

CHOMBE SERIES
DESCRIPTION
Genetic ype. Ferrisol, with sandy parent material.
Parent matevial: Gritty coarse sandstone, of Cretaceous or Tertiary age.
Site: Leval sirface remnants, 1,800-1,000 4t
Vegetation: Semi-evergreen forest.
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Oconrrvencs. Chombe Estate, west of the Limpasa Dambo, natural area 21d: possibly
also in other level areas south of Nkata Bay, natural area 21f

Morphology: ‘The series is characterized by over 40 per cént. of coarse sand in all
horizons, and is very strongly acid. The colour reaches the 2.3 YR hue in the
lower subsoil.

The topsoil is a dark reddish brown sandy clay loam or sandy loam, Below
+his the texture remains nniformly a sandy clay loam with approximately 30 per
cent. clay. The lower horizons are easily friable, with rapid permeabilify and a
weak ot very weak blocky structure.

Catenary associates, On gentle slopes which border the sarface Temnants carrying the
Chombe series, the topsail becomes less candy and reddish. Dordering valley
floors the colour becomes yvellowish red and the subsoil mottled.

. Thic series and catena has been previously ‘descnibed in Ann. Rep. Depl.
Agric. Nvas. Pt. 11, 1955/6, pp. 95-86, and 1bid. 1958/9, pp. 147-8.

AGRONOMIC DATA

Type sites: Chombe Estate tea seils.
Potential: Moderate for tea (rather teo light). Too acid for most arable crops.

Nutrient status of topsord: Dark reddish brown sandy clay lJoam or sandy loam
(colour Tange 5 ¥R 3 {4 to 7.5 YR 3/2) with over 40 per cent. of coarse sand,
Tt is very strongly acid (pH 4.2}, All putrients are borderline to Jow. The

profile is well leached and low in nutrent reserves.

Agronomic characteristios ! The profile is deep and drainage frec. Topeoil is easily
worked and liable to erosion. The permeability and lightness of the soil makes
irrigation of the tea in the dry season advisable if not essential
Response fo fertihzers! No data.
Suiiable crops jfor the area:
Tea (borderline)
Rubber {horderline
© (Grass
Cassava, (subsistence)
Main weed species:
Cuscuta—Dodder.
Cryplosepalsm sp.—shrub-like miniature Brachystegia.
Pieridinm sp.—DBrachea.
 Imperaia cylindrico—Lalang or spear gTass.

EEWENDENI SERIES
DESCRIPTION

Genetic type. Ferruginous Jatosol, tending towards fermsol.

Parent material: Basement Complex rocks. Including a biotite-feldspar gneiss, with
biotite, quartz, andesine, and microcline. - L N

Site: Moderatély undulating, typically on moderate slopes, 5°-15°, 3,700-4,200 ft.

Vepetation. Moist Brachysiegia woodland.

Ocourrence: Middle Kasitu Valley. Natura] areas 15a, b.
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Morpliology: A very red soif reaching the 10 R hiue, usually in the subsoil. It fas a
strongly developed textural B horizon at moderate depth, comsisting of clay {or
sandy clay with a clay content exceeding 40 per cent.). 'There is a moderate fine
blocky structure, breaking into weak fine crumb. The soil is easily friable when
moist, with a characteristic soft, floury consistence.

The topseil is at least as red as the 5 YR hue, and varies from sandy loam to
sandy clay. The profile is deep, and the colour uniformly dark red. In the lower
subsoil the structure becomes strong.  Acidity is moderate, with the most acid
horizon close to pH 5.0. ’

A phase of this series with iron concretions in deptlivhas been recorded at
Zombwe,

AGRONOQMIC DATA

Type sttes. Zombwe station, Ekwendeni township, Lupaso coffee nursery and Choma
School.

Potemtial. A soil of high potential for arable cropping. Widely cultrvated.

Nugrient status of tepsoil. Red or red brown sandy loam to sandy c¢lay {colour range
moist § YR 3/4-10 YR 3/4) in which acidity is not likely to be a problem. Total
nitrogen is low {08 or lower) and available phosphate is borderline to low.
Potash status is adequate for present farming practice. There appears to be no
shortage of sulphur. '

Agricultural characteristics. The profile is deep, but there is a well developed illuvial
clay horizon at 1 to 2 feet below the surface which may cause trouble with water-
logging. The topsoil when moist has a characteristic soft floury consistency and
is easily friable, It may therefore erode easily. Well cultivated local maize,
erown without fertilizer, should give 7 or 8 bags per acre on recently opened land,
while groundnuts should give 800-1,000 Ib. per acre. In spite of ifs texture, the
reserves of mrtrents do not appear to be large and if no fertilizer or manure s to
be used, Iand should be rested after § or 4 arable crops. It is probable that with
adequate manure and fertilizer this soil could maintain a high level of continuous
crop production (see the Loudon series).

Responses ta fertilizers: (Data Zombwe '58Y.  Data are very sketchy but one may
expect sulphate of ammonia to give increases of 2 bags and 1 bag per acre maize
for successive imerements of 100 1b. per acre SjA up to 200 1b. per acre. If soil
phosphate is low a 200 Ib. per acre dressing of single superphosphate should give
increases of one or twa bags per acre. Farmyard manure wifh added nitrogenous
fertilizer should give worthwhile responses, but there are as yet no figures to
prove this or show whether continucus cultivation at a high yield Ievel is possible.

Groundnuts have shown no response to S, P or N in the one trial conducted.

5 Suitable crops for the area:
Low ranfall: Maize
: Groundnuts
j Finger millet
Turkish tobacco
High rainfall: Coffes
b Vegetables
Fruit
g {rrass e
e a1




FORT HILL SERIES
DESCRIPTION
Genelic type: Strongly ferallitic sandy latosol.

Darent material: Basement Complex rocks. Imclnding: 1. Quartzofeldspa.ﬂﬂc

granulite, with guartz, plagioclase, muscovite, biotite, and epidote; 2. Granitic

pneiss, with guatz and microchine; 3. Biotite-hornblende-gneiss, largely micro-
clinie, with subordinate quartz and plagioclase.

Sige: Gentily undulating surface, 0°—3°, 4,200-4,600 ft.
Vegotation Brachystegia-I soberlinia woodland.

Oecurvence: Dlain sonth-east of Fort Hill. Natural areas 9a-¢: Mafingl phase in
natural area 2c.

Morphology: The topsoil is sandy, cither sandy loam or loamy sand. Below this the
clay percentage INCreases rapidly, giving a strongly developed, shallow textural B
hotzon. The subseil is a yellowish red sandy clay with massive structure,
becoming Very hard when dry. At 1o depth does the colour reach the 2.8 YK
hue.

In the lower subsoil a very weak or weak blocky structure may accur, and
ped cutans are weally developed or obsent. The mineral reserve is very low.

Permeability is rapid in all horizons. Acidity is moderate.

Catendry @SSOCIaLES ) Owing to the very gently sloping valleys which occur n the area |
occupied by this series, suils with impeded drainage occupy & substantial propor-
tion of the catena, possibly 30-¢0 per cent. With imperfect drainage the subsoil
colonr becames 110 redder than the 7.5 ¥R hue, with 2 mottle appearing in depth.
The texture is sandier, the lawer horizons being sandy clay loam or sandy loam,
and the stmcture remaine magslve throughout. In one valley-fioor profile
examined the npper 15 ins. consisted of o lparmy COArse cand: this passed sharply

into a heavy clay, almost white in colour (N9}, with a very prorminent yellowish
red medinm mottle.

Mafingt Phase: This phase differs from the normal Fort Hill series in that the colour
reaches the 2.5 YR hue, pecoming dark red from 16 ins. downwards. The transi-
tion from the sandy topsoil 1o the textural B herizon iz less abrupt, an inter-

vening sandy clay \parm horizon forming the wpper cubsoil. The phase is de-
veloped on pediments of gentle to moderate clope, developed below foothills of
the Mafingl Hills near Chisenga.

AGRONOMIC DATA

Type seies: Cardens of AL at Nihalire of of Malulcwe or Kapera villages north-west
of Fort Hill. The Mafingl phase is typified by the A T.'s garden at Chisenga.

Potential: A soil of low 10 moderate potential for annual arable CTOPS; probably best
given over predominantly to Jivestock production.

Nytrient stafus of topsotl: Dark brown sandy loams or loamy sands {colour range
moist 10 ¥R 5/3-7.3 YR 32} of moderate acidity, Total nitrogen level is low
(.07 per cent. or 1ess);-available phosphatie variable, but usually low 20 p.pam.

or less and potash status 15 adequate. - :

=0 Agronomse charactevistics: The profiles are deep, but root room is often resfrictéd bya

high water table, arising from impeded site drainage, and & compacted subsoil.
w Topsoil is faily easy to work, but the subsoil rapidly becomes Very heavy as one
I
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goes down the profile and it gets very hard when dried out. Mineral reserves aré
very low and It is unlikely that these soils will be able to sustain reasonable.™
vields for more than 2 or 3 years unless fertilizer and manure is liberally used.
Unfertilized yields of well cultivated local maize are very variable ranging from 3
to 10 bags per acre. Groundnuts might be expected to give 600 Ib. per acre.
Finger millet may give up to 1,000 Ib. per acre.

Responses fo feriibizers: (Data from Nthalire 80, Fort Hill '54). There is not a great
deal of reliable data, but it wonld appear that there should be responses to
nitrogen of the order of 3 bags of maize for a 200 Ib. per acre dressing of 5/A.
A similar increase might be experted from a dressing of 200 Ib. per acre super-
phosphate, where soll phosphate is low.. Groundnuts may give responses of
200 Ib. nats to a 200 Ib. dressing of single superphosphate; they do not appear
to respond to sulphur on these soils. Finger millet will give responses of about
260 Ib. per acre seed per 100 1b. per acre 5/A apphed up to a limit of 200 1b. per
acre with similar increases to superphosphate, where soil phosphate is short.

Suitable crops for the avea:
Finger millet
Groundnuts
Maize
Grass

JALTRA SERIES
' DESCRIPTION

Genetic type. Strongly ferallitic sandy latosol, with laterzte.
Parent material: Basement Complex rocks,

Site: Dambo margins, on the lower parts of very gently sloping valley sides, 8,400~
3,600 1t

Vegetation: Combretum ghasalenss-Acacia savanna of lower valley sides, and Acacra-
Combretwom thicket of plateaux.

Occurvence: North and west of Rumpi, natural areas 1la, 12b; also recorded at
Kameme Mission, north-west of Fort Hill. Commonly in catena below the
Nkamanga and Rumpi seties.

N Morphology: A horizon of massive laterite, or consisting predominantly of pea-iron

i concretions, occurs at a depth of less than 36 ins., usually between 18and 3¢ ins.

= Above this the soil is at least as sandy as sandy clay loam, no redder than the
5 YR hue, and has massive structure.

The topsoil is a sand, loamy sand, or sandy loam. Site drainage may be
¥ imperfect.
i Profiles with laterite at a depth greater than 236 ins., or in which iron con-
i cretions form a small proportion of the lateritic horizon, have been excluded from
this serfes. Such profiles have been recorded i association with the Elowendent
and Loudon series.

AGRONOMIC DATA

Tupe sites: Garden of the AL at Jalira (Rukwapaliza}. There are no data available
for this series which is, virtnally uncultivated, as the root room is mited to 13
to 2 ft. by a layer of massive laterite. It occurs in catena below the very poor
but slightly better soils of the Rumpi and Nkamanga series and should be'under
irees or permanent grass.
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JANDALALA SERIES
DESCRIPTION
Gemetic type; Weally ferallitic latesol.

Payent material! Baserncnt Complex rocks, oranitic intrusions, and colluvium
derdved from these.

Site: Gentle slopes, up to 47, particularly pedinents; 4.600-4,900 1t
Vegotation. Brachysiegia-Julbornardia woodland.

Oceurrence. Pediments of Mount Hora and hills near to it; ‘pediment of Bwabwa
Hill. Natural areas 17¢, 138D,

Morpholegy: The colour is dark red (2.5 YK irom the subsoil dowmwards. The
texture is sandy clay loam or sandy clay throughout, with the textural B horizon
weakly developed and deep. The subsoil and lower subsoll have & weak blocky
strocture.

‘The topsoil is o dark reddish brown {5 YR) sandy clay loam. The colour
and texture romain relatively uniform with depth., The profile is deep, with no
weatherea rock above G0 ins. On {he pediment of Bwabwa Hill over 110 ins.
of soil was observed ; nthiscasea moderately developed angular blocky structure
with ped cutans commenced below 76 ins. The serjes js modetately to strongly
acid.

AGRONOMIC DATA
Twpe sifes: Garden of Master Farmer Mwanza at Jandalala,

Potential: This soil would appear to have high potential, but 1t1s of limited area and so
mtensely cultivaied that the soil is often worn out.

Nodrient status of topsutl. Dark reddish brown sandy clay loam (colour rangs 5YR).
No soil analyses are available from sites guaranteed to lie on this series, but both
nitrogen and phosphate status mav be expected to be low.

Agriculfurai characteristics. The prefile is very deep and drainage is fair. The soilis
moderately heavy to work and may get very hard in the dry season. Ag most of
the soil has been overcropped, snfertilized crops of local maize might be expected

to vield about 4 Dags per acke. There are no records {or groundnuts.

Responsas b0 feriiisors: (Data from Hora 34, Mzimba ‘57, Mombera '60). Maize

yiclds may be more than dorbled by small dressings of nitrogen. Sulphate of

mronia hag given increases of 3 bags and 2 bags per acve maize for SILCCESEIVE
increments of 100 1b. per acre Si4, and £ConOMIC Tesponses may be gxpected to
dressings of over 200 1b. per acre. Phosphate has given small responses of about
2 bags per acre maize pet 200 1. single superphosphate where soil phosphate has
been low.

Not enough experimental work has vet been dene to show withany certainty
~ how yields can be Talsed to the [Jtr‘tential one would expect from such a sail.
Suitable crops for the area’ '
Maize
Groundnuts
Bd



KAFUKULE SERIES
DESCRIPTION

Genetic type! Strongly ferallitic sandy latnsol.
Parent material: Basement Complex rocks.

Site: Gentle and moderate slopes, &,400-5,000 it.
Vegetation: Brachystegia-Cryptosepalum woodland.

Occurrence: Dissected country of moderate relief north of Mzimba. Natural areas
17a~d.

Morphology: The comhined percentages of coarse sand and gravel amounnt to more
than 50 per cent. in the topsoil and subsoil, and more than 40 per cent. in the
lower subsoil. In all horizons the structure is single grain to weakly massive.
The lower horizons are brown, strong brown, or vellowish red, becoming no
redder than the 5 YR hue.

_ The topsoil is a brown or dark brown leamy coarse sand or coarse sandy
loam, with a very low organic matter content. The texture may either remain
as sandy as this throughout, or the clay content may mmorease downwards to a
coarse sandy clay loam in depth. Quartz eravel is common at all depths, but
apart from this and mica there are few minerals present in the subsoil. .The

series is strongly acid, pH 4.5-5.0,

The profile is from moderate depth to shallowish. It iz found in association
with lithosols.

AGRONOMIC DATA

Type sites: This series covers a range of gravelly or sandy soils of reasonable depth in
dissected country north and south of Mzimba.

Potential: A soil of moderate potential only for arable farming, occurring in pockets
among uncultivable lithosols. Best used for subsistence Inod and fodder crops
for animals. Sparsely cultivated.

Nutrient status of topsori: Brown or dark brown coarse sandy loams or loamy sands
with a fair propertion of gravel {colour range moist 10 VR §/3 to 10 YR 4/3).
The soils may be distinctly acid. Total nitrogen is very low (.04 or less] and
available phosphate likewise will probably be low (20 p.p.m. or less). Potash
supplies are not good. The sails do not seem to suffer sulphur deficiency however.

Agriculiural charasteristics: Depth of profile is moderate to shallow (4 to 5 L)
Dirainage is good. As the soils are often on fair slopes and are light, soil conser-
vation measnres are essential. The soil is fairly easy to work, though gravel may
wear tools rather quickly. Well cultivated local maize may give 5-7 bags pex
acre on newly opened Jand, and groundnuts 800-1,000 ih. per acre, but the
yields deteriorate very badly and if no fertilizer or manure is used gardens should
be returned to fallow after two or three years cultivation.

The soil can give large responses to low levels of fertilizer but needs very
careful management if good yields are to be sustained.

Responses. fo fertifizers: (Data from Jandalala '59, Mzimbamuli and Madise 80,
Sulphate of ammonia will give respotises of thé order of 3 bags and -1%-bags per
acre maize to successive increments of 100 b, per acre SfA up to a maximum of
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800 1. per acre. Where no F.V.M. has been applied in the past and soil P is low,
o 200 1b. per acre Aressng of single superphosphaie should give a response of up to
3 bags per acre maize.
No other data are available, .
Suitable crops for the arén’
Finger millet
Groundnuts

Maize
Grass and {odder crops

KAPEMBA SERIES
DESCRIPTION
Genetic fype Lower aueraber of latosol catena, with impeded site drainage.
Paront maierial: Basement Complex rocks, and colluvinm derived from these.
Site: Lower parts of gently sloping allev sides, 0727, 3 5004, 000 1t.
Vegetation: Combretun shazalense-4 cacta savamia of lower valley sides; Badinia
petersiana corminon jn parts.
Goestrvence: Plains and valleys west and north-cast of Rumpil. Natural areas 11a, b,
12b, 18a, b. In caicna below the Nkamanga and Rumpi seTies.
Morphology: The sevies has imperiect or impeded site drainage, as 2 result of which
evish brown coloars predominate, <with no horizon redder than the 7.5 YR hue.
4 mottle may or may not be present in the lower horizons. With the possible
exception of a clay Torizon, the structure is maseive or very weak blocky.
The topsoil is viery dark grey to very dark brown {10 YR 31 to 2{2), and s
{ypically a sandy loain. The lower homzons are mainly sandy clay loams or

sandy clays, but one clay horizon may occor. The soil becomes very hard when
dry. Despite the grevish colours the serics is moderately acid, pH 5.0 10 6.0

AGRONOMIC DATA

Type siies! o Tukurn valiey marging, margins of Lake Kazuni and Vwaza marsh,
espacially garden of Master Farmer near Diere village.

Potential: A soil ol fauly high potential provided water-lopging does not ocear.

Nutriont staius of fopsotl: Very dark grey to very dark brown sandy loams {colour
range moist 10 TR §/1 1o 10 YR 9/2) in which acidity should be no problem.
Available nitrogen is horderline to low {.08 per cent. of less) and phosphate 1s
adequate.

Agronomic characteristies: The profile iz {airly deep, but root rooin May be limited by

a high water table. Lower hogzons are sandy clay loams or heavier and water-
logging Tay be a problem. Owing to ihe massive structure the soil becomes Very
fiard when dry Unfertilized maize vields of about § bags per acre maize can be
expected. .

Responses to fertitizers: (Maradade '53-'60). Respomsesto sulphate of ammonia have
been very variable, and though a straight line respouse of 3 bags per acre maize
per 100 1b. S/A was obtained jn one year up to & Kmit of 200 1b. per acre SfA,
Tesponses have mare frequently been very small, There have been 1o TeSpONSES
to phiosphate.

Suitable crops for the area:

Maize
Groundnuts
Finger millet
86
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KARONGA SERIES

DESCRIPTION
Gemetic type. Alluvial, calcimorphic soil, with impeded site dramnage.
Parent material:  Allovium and coiluvim.
Site:  Almost level lake-shore plain, 1,500-1,800 ft.

Vegetation. Acacia-Adansonia-Hyphaene-Sterouiza cultivation savanna of the lake
shore: Trichilia emetica and Combrefum ghazalense COMMON.

: Occurvence; Lake-shore plain north, west and south of Karonga. Natural areas

e Ga-g.

Morphology: A greyish brown soil, with no horizon redder than the 7.5 YR hue, and
a mottle commencing in the subseil or lower subseil. Depositional bedding is
present. By definition the series includes at least one horizon above 38 ins.
formed by sandy clay or clay, with a moderate or strong, medium or coarse
angular blocky structure; a soil from which this feature is absent is classed with
the Lughali series.

Fine sand normally exceeds coarse sand in all horizons, with the exception
of beds of almost pure coarse sand which commonly occur in depth. Horizens
of sandy loam or loamy sand have massive structure.  The soil is micaceous,
often highly so. Site drainage may be imperfect or impeded.  The series is weakiy
acid, normally with a pH of 6.0-6.5 throughont.

AGRONOMIC DATA

Twpe sifes: Agricultural demonstration plot, Baka.

" Potential: A soil of good potential for arable cropping provided that water relation-
ships are suitable.

Nudrient stabus of topsosl; Very darle grey to grey brown soils [colour range molst
2.5 Y 3/2-9 YR 8/2) ranging from sandy loams to sandy clay loams. Tke soils
are verv weakly acid (pH 6.0-6.5). Total nitrogen content 15 moderate {about
.10 per cent.), and available phosphate and potash are adequate to high.

Agronowmic characteristios: A deep profile showing markerd stratification in which at
least one horizon above 36 ins. is sandy clay or clav. 5Site drainage is impeded
and water-logging is very likely to occur. High water tables may reduce root
room. Nutrient reserves of the soil are good and cropping may take place for a
considerable period without marked declines in vield. Weed competition and
s0il moisture relationships are likely to have more effect on vield than fertiizer
treatments. Unfertilized yields of crops are varable, depending on season, but
can be high. 15 bags per acre of maize and more have been recorded, with
groundnuts at 1,200-1,500 Ib per acre and finger millet at abount 1,500 lb. per
acre,

Responses to fertilizers: (Data from Balta and Lupembe *57-'60).  Sulphate of ATIMONIA
has usually given insigmificant increases 1n maize yields, but finger millet has
responded markedly—a 100 Ib. facre dressing of S{A giving an increase ol about
300 lb. per acre. It is unlikely that higher dressings will be rmich more effective.
There has been no respense to phosphate application recorded.

Suriable crops for the area:

Maize

Finger millet

Groundnuts {short or medium term varieties usually best)
' Ciotion
(Grass
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KASHATA SERIES

DPESCRIPTION
Genetic type: Strongly feraliitic sandy latosol, derived from sandy parent materials.

Parent material: Sands of lacustrite origin.

Sife; Lacustrine constructional features, including sand bars and spits.

Vegetalion Specialized vegetation of cands; Magnistipula bangweolensis and Parinari
mobola common in places.

Occuyrence: Lake shore areas, principally where the shoreline faces south-east.
Natural area Lacnstrine Sands.

Morphalogy: Loarse cand or loamy coarse sand througheut, with single-grain'structure.
The only profile development to have occurred is the formation of & dark brown
topsoll.  Other Sorizons retain the colour of the parent material Profile
drainage is excessive, site drainage varies from {ree to impeded:

Soils consisting predominantly of coarse sand have been observed in three

. other sites: 1. Immediately north of Karonga, where a recent flooding of the

North Rukurn has deposited up to 96 ins. of sand on top of & former sotl of the

Karonga Series; 2. In the lower Kasitu valley, also on spreads of sand produced
by river flooding; & On o 3° pediment 9 miles north-west of Karonga.

Catenary assoviates: I the hollows between sub-parallel sand-bars the soil has poor

drainage, but in most cASES lso consiets predominantty of coarse sand. Marshy
clay deposits, however, may also oceut.

AGRONOMIC DATA
Tupe sites: None. Sand bars and dunes generally.
These ate found mostly on ihe lake shore, though they occur pceasionally m
¢he alluvial deposits of the lower South Ruiuru, They are ofno value for arable
cropping and “henid be left to indigenous vegetation.

LIVINGSTONIA SERIES
DESCRIPTION

(renetic fype: Ferrisol, tending towards ferruginons latosol.

Parent material; Basement Complex rocks.

Sife: Steep and moderate slopes, 3 500-4,000 ft.

Vegetation . Moist Brachystegia woodland. _

Oconrrence. South-west of Livingstonia, in valleys of tributaries of the North Eumpi.
Natural areas 10b, .

Morphology: The texture is clay from the subsoil downwards. “The lower subsoll
eolouris 10 R 4/6 red, with a strong blocky structure. The profile i5 very strongly
acid.

The topseil 13 reddish and relatively heavy-textured, a reddish browmn
(5 YR 4/3) sandy clay. Pad cutans are weak in the subsoil, becoming moderate
in depth. The profile is deep, with rapid permeability. The clay bas a base
exchange capacity of less than 10 m.e. per cent. per 100 g. clay, indicating 2
predoriinance of kaolinitic clay minerals.. .. . L
It should be noted that Livingstonia Mission is nof situated on this series, but
o0 sofls developed from sedimentary sandstones and mudstones of Karroo age-
This soil has not been fully examined. It is of shallow to moderate depth and
with a vellowish red cubsoil, difiering greatly from the Livingstonia.sgries.
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AGRONOMIC DATA

Type sites: (Not whnﬂ-g,r tvpical): the coffee plot at the junction of the Livingstonia _

. Mission road with the main road.

Potential: A soil of fairly high potential for acid tolerant perennial crops.

Nutrient status of topsoil. Red brown sandy clay {colour range maist 5 YR 4/3},
very acid {pH 3.8} with all nutrients at a low level. The profile is however very
deep and drainage no problem. With proper manuring it should preduce good

. crops.
Responses lo fertihizers: No data.
Suitable ¢vops for the avea: Perennial tree crops, e.g. coffee.

)1'

LOUDON SERIES

: DESCRIFTION

Genetic tyvpe: Weakly ferallitic latosol.

Parent nwaterial: Basement Complex rocks. Including: 1. Feldspathized hornblende-
emeiss, with micrecline, guartz, hornblende, and biotite; 2. Sheared biotite-

. granite, with quartz, microcline, and biotite.

Sile: Level to véry gently sloping surface remnants, mainly 0°-1°, 40004400 ft.

Vegetation Brashystégia-Julbernardia woodland; Ochna schweinfurthiana common.

Docuprence: Southern part ¢f the Upper South Ruiuru Valley, prncipally south of the
latitude of Mzimba, near Loudan and Mbawa, bt also extends onto the Nlkata
Bay map sheet. Natural areas 16c, d. Wormally in catena above the Bulala
series,

Morphology: The topsoil is a sandy clay loam ot sandy loam, below which thereisa
strongly developed shallow textural B horizen of sandy clay or clay (36-50 per
cent. clay), with a weak fine to medium blocky structure.  Im the lower subsoil
he colour is red or dark ted {2.5 YR or redder], but the structure remains weak.

The colotr intreases in redness from the subsoil dewnwards but this change
is very gradual, the profile presenting a uniform appearance. It iz deep, one case
of weathered rock commencing at 108 ins. being recorded.  All homzons are
easily friable and have moderate or rapid permeability. The series iz moderately
acid and bas a moderate base saturation In the subsoil, 60-80 per cent.

A phase with abundant pea-iron concretions below 36 ins. has been recorded
at Mbawa :

AGRONOMIC DATA

Type sifes: Mbawu station, the garden of the A T. at Chimsolo and the upper slopes of
tlie garden of the A.L at Kanyanje.

Potential: A soil of high arable potential given suitable management. Widely
cultivated.

Nutrient status of fopsoil: Reddish brown sandy clay loams to sandy loams (colour
range moist 5 YR 3/4-7.5 YR 3/2) in which acidity iz normally ne problem.
Total nitrogen is low (.09 per cent. or less). Available phosphate is adequate in
newly opened soil (50 p.p.mv ), but reserves dre limited and phosphate will become
limiting after a number of years cultivatien. Potash levels are adequate for
normal farming practice, though under continuous and intengive cultivation they
will need to be bolstered up. Sulphur may be limiting for groutidnuts bn worn
out sails.
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Agricultural charasieristics | The profile 1s deep and offers no hindrance to root growth.

‘Drainage is iree, though water may ctand for some time after heavy storms.
The soil is easy fo work sither by hand, ox er fractor. Owing to its friable nature
it is ligble to erode easily inless effective meastres aIe talren to conserve the soil.
Fortunately slopes are very gentle, Well cultivated local maize withent fertilizer
o manure should give 7.8 hags per acre on recently opened 1and and groundnuts
1 000-1,200 Ib. per acte. The nutrient reserves of the soil are soon dissipated
however and without the use of fertilizer the land chould be returned to 2 resting
crop or ley after three or four years arable cultivation. Groundnuts have a
markedly beneficial effectasa rotation crop. Improved varieties can also marked-
Iy increase vields e.g- Hybrid maize

This soil is very responsive 10 freatment, showing up in no uncertain terms
bgth good and bad managernent.

Respouses 10 fertitizers: (Dald from Mbawa 1951-61). Any practice that will return

nitrogen and organic matter in that order will show great benefits. Sulphate
of arunenia may be expected 10 give Increases of 4 bags, 3 bags, 2bags and 1 bag
per acre mMaize for snccessive mcrements of 100 1b. per acre S/A up to 400 b
per acre on open pollinated maize. The wcredses may be more on suitable
hybrids. After four or five years cultivation, it soil analysis shows low phosphate
status single superphosphate may be expecied to give increases of 23 bags, 2
bags, 14 bags and ) bag pes acre for sureessive increments of 100 1b. superphos-
phate up to 400 Ib. per acre. Farmyard or khola manure, if rich in nitrogen, will
alsp give INCTEASES of about 7 bags of maize from a 5 ton dressing, 4 bags of maize
from a 2 ton dressing.

Op worn oui soils nitrogen s pssential, GTeen Ianures give excellent
increases in yield if a cmall dressing of nitrogen is applied to the following malze
crop. Broken fallows also greatly benefit from added nitrogen. On worm soils
sulphur may become limiting to the growih of both majze and groundnuts.
This car be remedied by the application of gypsum. bt the indisposition should
not arise if sulphur ontaining sources of nitrogen and phosphoris are regitlatly

nsad.

The residual effects of fertilizers have not been carefully studied, but evidence
puints to benefits lasting at least two ceasons after that mn which phosphate,
sulphur oT F ¥ M. have been applied. Nitrogen as sach shows little residual
sflect. _

Tt has been shown that this soil can be continuously cultivated with maize
for at least 6 years using spmual application of b tons PEL acre F.Y.M., 200 lb.
per acre S[A and 125 1b. per acre smgle sUpers. Maize vields currently stand at
2025 bagsfacre.

Custable crops for the ave:

Maize {open pollinated, e.g- Namlenga and Askeri or hybnd, &8 Mthenga)
Groundnuts {long term vaneties, Mwitunde, Dixie Runner, Chalimbana)
Turkish tobacco
Ground beans (N. Rhodesian or Mbawa D)
Soya beans (Medium term, &g Pelican}
Grass leys (Napier, rhodes, makarikari, possibly with stylosenthes)
Finger millet -
(hE



LUGHALI SERIES R
. DESCRIPTION ' '

Genetic type: Alluvial calcimorphic soil, with impeded site drainage.

Parent material: Alluvium and colluvigm,

Site: Almost level lake-shore plain, 1,500-1,800 ft.

Vegetation: Lake shore thorn scrub; also Acﬂcia-ﬁdammm-ﬂypﬁaeﬁw&ﬁemulm
cultivation savanna of the lake shore.

Occurrence: Lake-shore plain north, west, and south of Karonga. Naturalareas 6a—f,

Morphology: A greyish-brown soil, with no horizon redder-than the 7.5 YR hue.
Depositional bedding is present. It is distingnished from the Karonga series by
the absence, above 36 ins., of any horizon of clay or sandy clay. The structure
is from massive to weak medium or coarse blocky in all horizous.

Either coarse or fine sand may predominate. Ped cufans are normally
absent, but may be weakly developed in some horizons,  Site drainage is imperfect
or impeded. The serfes is weakly acid, pH 5.8-6.3.

Omne alkaline soil observed resembled the Lughali series in morphology, but
has been excluded from the series.

SGRONOMIC DATA

Type sites: The garden of the AL at Wovwe, 3. Karonga.

Potential: A soil of good potential for arable cropping provided water relationships
are suitable.

Nutrient status of topsoil: Very dark grey brown to black sandy loams (colour range
moist 10 YR 5/3-10 YR 2/1) with a pH between 6.5 and 7.0. Total nitrogen
levels are fairly high (.10 or more) as are Jevels of available phosphate. Potash
status is high.

Agronomic characteristics: The protile is deep with stratified layers apparent, none of
which are heavier than sandy clay loam. Profile drainage is free but level sites
siving rise to high water tables are likely to restniet the root room. The soil is
fairly easy to work., Nutrient reserves are good and the soils may be cultivated
for a considerable period without showing marked deterioration, Weed compe-
tition and soil moisture relationships are likely to affect yields more than
fertilizers. Becatse of the free draining nature of the soil any droughts early in
the season are likely to be seriously felt by the crops. Unfertilized yields of
crops are variable (see Karonga series).

Responses to fertilizers: (Data~ -taken as similar to Karonga series). There is unlikely
to be a marked response to any applied fertilizer.
Suitable crops for the avea.
Maize
Sorghum
Finger millet
Groundnuts (short or medium term varieties usually best)
Cotton
Grass




MANEKHAMBIRA SERIES

DESCRIPTION
Genetic fype. Strongly ferallitic sandy latosel, derived from sandy parent materials.
Parent material: Sands of lacustrine origin.
Site: Level coastal plains and low raised beach platiorms, 1,600-1,800 it.
Viegelation: Specialized vegetation of sands: Piliostigma thonningti common where
drainage impeded.
Oceurvence: Raised beach platforms south of Karonga, a few miles infand irom the

present lake shore. Close 10 the lake shore south of Nkata Bay. Natural areas
Bg, 1, 14d, 2le, and Lacustrine Sands: Florence Bay phase in patural arca €h.

Morphology: The texture is predominantly sandy loam or loamy sand, becomulg 1o

heavier than sandy clay loam in any horizon. There is at least o slight icrcase in

clay with depth. The stracinre is single prain to weakly massive thronghout.

Profile differentiation 1s at a relatively early stage, aud indications of
depositional bedding may still be present. Hither coarse ot fine sand may be
predeminant. The topsoil is from very dark grev brown to dark browm, with a
\owish organic matter content. The subsoil colour is nonmally brown or dark
brown, or yellowish red, never becomning red. Profile dranage 13 XOESSIVE;
site drainage varies from free to impeded. With free dramage the profile is
moderately or strongly acid. ‘Where drainage becomes poor the =il iz classed as o
sandy dambo soil.

Flovence Bay Phase: This occuts in dissected country of Jow rellef but moderate
slopes, immediately west of Florence Bay. The parcnl materizl iz Tertiary
sandstones. Textural horizon dificrentiation is weakly but definitely developed,
and the subeoil is dark reddish brown (5 YR}

AGRONOMIC DATA

Type sites: N.A. Mankhambira's Court and at the garden of Master Fartaer near
Deep Bay.

Potential: A soil of moderate potential for arable crops. Widely cultivated.

Nutrient status of fopsoil: Dark grey brown sandy loams or loamy sands {colour
range moist 2.5 Y 5/2) which are decidedly acid (pH 5.0-6.0. Total nitrogen is
horderline (09 per cent. or less), available phosphate very high (150 p.p.m.) and
potash Lorderline {15 m.e. per cent.). Base exchange capacity of the soil is
fairly good for so light a soil, but the saturation percentage is very low (20 per
cent. ).

Agronomst characteristics: The profile is maoderately deep and the profile drainage 1s
excessive, accounting for the very Jeached character of the soil, which is never-
theless easily worked. Unfertilized yields of maize recorded are of the order of
9 bags per acre. (assava i widely grown yielding about 6 tons per acre at
19 months and 12 tons per acre at 94 months, and groundouts may do well.
Unless heavily manured and tertilized this soil chould not be cultivated for
more than two or three years at a stretch.

Responses to fertilizers: (Banga '57). In the one experiment recorded sulphate of
ammonia gave increases of 4 bagsfacre maize for each 100 1b.facre S/A apphed up
to the Hmit of 200 Ib. per acre. Tt would appear that this soil is very responsive
to nitrogen and possibly dlsoto F-¥:M: There was no.response to phosphate.

Swuitable crops for the area’
"~ Maize
Groundnuts
Cassava.



MAZAMBA SERIES
- DESCRIPTION

Genetic type: Ferrisol. )
Pavent material: Basement Complex rocks., Including a charnockitic gheiss, with
quartz, biotite, and hypersthene.

Site: (rentle and moderate slopes, 4,000-4,500 {t; the type-profile is sited on a
4° pediment.

Vegetation: Moist Brachystegia woodland and mentane grassland.

Occurvence: Low east Vipya Plateau, inclnding south and west of Mzuzu, and near
Mazamba. Natural area 19¢. d

Morphology: The colour, texture and other characteristics are relatively uniform from
the subsoil to a depth of 72 ins. and more. The lower horizons are formed by a
dark red (reaching the 10 R hue in the lower subseil or often in the subsoil)
sandy clay or clay with little fextoral differentiation, having a weak blocky
structure breaking into weak fine ¢rurnb. o

The topseil is a dark reddish brown sandy clay. All hﬂn'zon;f.. are: easily
iriable and with rapid permeability. The profile is strongly acid, with Kaclinitic
clay minerals. o

This series has previeusly been described by C.V, éﬁttﬁg (unpubhshed
manuscript). L

AGRONOMIC DATA
Type site: At Mazamba, vnder tung.

Polential: A soil of fairly high potential for arable and plantation crops, notably
tung and cotfes.

Nutrient status of topsoti: Dark red brown sandy clays or sandy clay Joams {colour
range when moist 2.5 YR 2/4) which are rather acid (pH 5.0-5.8). Total nitrogen
is borderline (18-10 per cent), avallable phosphate and potash normally
adequate in newly opened soil, but becoming fairly rapidly depleted on cultivation.
Base exchange capacity is not high.

Agronomic chavacteristics: The profile is deep and free draining. The topsoil is
friable and easily worked. Unfertilized yields of maize are recorded at about
6 bags per acre, but this soil and climate are probably better adapted to plantation
crops, fruit trees, vegetables etec. With management aimed at reducing the
acidity, the soil should be very fertile.

Responses to fertikizers: (Data Mazamba °55}. In the only experiment on record, 100

1b. per acre S{A gave am increase of 3 bags per acre maize and 200 lb. single

superphosphate gave 2} bags per acre maize. There was no interaction. Faon-
vard manure may give great benefif,
Switable crops for the avea;

Tung

Coffee

Pruit _ o
Vegetables ' }
3: l‘ EE o




MISUEKU SERIES
DESCRIPTION

Genetic type: Ferrisol, tending towards ferrnginous latosol.

Parent materizl: Basement Complex rocks, of intermediate and acid composition.
Including: 1. Feldspathized biotite-gneiss, with microcline, biotite, and quartz;
2. Muscovite-biotite gneiss, with biotite, quartz, and plagioclase; 3. Magnetite
quartzofeldspathic gneiss, with magnetite, guartz, microcline, and plagioclase;
4. Muscovite-quartz-schist.

Site: Moderate slopes and some steep, up to 25°, 5,000-5,500 i

Vegetation: Moist Brachystegia woodland and semi-evergreen forest; now mainly
cleared, with Partnari smobola bushes and the creeper Smilax kraussiana common

Occarrence: Misulm Hills. Natural areas 3a, b.

Morphology: From the subsoil downwards the colour is red (2.6 YR} and the texture
clay. The lower subsoil iz characterized by a very strong fine blocky structure,
with strong or moderate ped cutans.

In cultivated areas the topsoil iz dark reddish brown {5 YR]. Under the
forest patches which remain, however, it has a highish organic matter content,
becoming dark brown. Below this, the clay content is very high at all depths,
5065 per cent. But kaolinitic clay minerals are dominant (base exchange
capacity 9-12 m.e. per cent. per 100 g. of clay), and the soil is freely permeable
and easily friable. The series is strongly to very strongly acid. On the upper
paris of slopes depth is sometimes about 45 ins., but normally the profilz is very
deep, one profile showing no signs of weathered rock at 10 it.

Windindi Phate: On the Windindi Ridge a distinctive parent material results in a
highly micaceous soil with a purplish tinge. It 1s derived from a magnetite-
muscovite-schist.  This soil has not been fully examimed

AGRONOMIC DATA
Type sites: The departmental plot at Katobo and the Catholic Wizsion, Misuku.
Potential: A soil of fair to good potential for acid tolerant and plantation crops.

Nutrieni status of topsoil: Dark red Lrown clays or clay loams [colour range moist
5 YR 8/3-5 YR 5/6) which are very acid, with pH usnally well below 5.0. Total
nitrogen is moderate to high [over .15 per cent.}, available phosphate is very low
and potash often borderline. Trace element deficiencies are likely to become
apparent under these conditions.

Agronomic characteristics:  The profiles are deep, rangmng from 4 ft. or so on upper
stopes to over 10 ft. in places. The soil is freely permeable and very leached.
Though of high clay content, it is fijable and easily worked. Nufrient reserves
are not high and these soils will not stand production of high yielding arable
crops for long. As slopes are often steep high priced permanent cash crops
should be grown rather than annual food crops. '

Responses to fertilizers: (Data from Katobo). Nitrogen has given no response on
maize crops and little on coffee. Sulphate of ammonia being an acid fertilizer
reduces yields. Maize has given marked responses to smgle superphosphate in
microplot trials. Lime has not been effective in raising ylelds in the year of
application. In 2 groundmut fertilizer experiment there were no responses to
stlphur, caleinm or nitrogen: ' o

Suitable crops for the area:

Cafiee

Grass



- MPHEREMBE SERIES
DESCRIPTION.

Genefte type: Weakly ferallitic Jatosol.

Parent material: Basement Complex rocks, inchiding a biotite-feldspar gneiss, with

. andesine, quartz, and garnet.

Site: Level surface remnants and gentle slopes, 3,600-4,000 ft.

Vegetation. Brachystegia-Julbernardia woodland; Reissantia indica common.

Oeewrrence: Extensively developed in the Upper South Rukuru Valley, particelarly
between Mpherembe and Eutini, and south of the latter. Natural areas 18a, c.
In places in catena above the Bulala series.

Morphology: The topseil 1s a sandy Joam or loamy sand; there is a downward
increase in clay to between 20 and 30 per cent., giving a moderately developed
but usually deep textural B horizon of sandy clay loam. The colour reaches in
depth to between the 5 YR and 2.5 YR hves. The subsoil structure is weak
blocky.

The profile presents a uniform appearance, with no clear horizons; it is
nenally of moderate depth. The subsoil, and usually aiso the lower subsoil, 1s
yellowish red {5 YR); downwards this may either remain the same colour or
merge gradually into red. The structure remains weak blocky at all depths.
In the sand fraction, coarse sand exceeds or is equal to fine. The series is moder-
ately to strongly acid.

AGRONOMIC DATA _

Type sites:  The gardens of 4.1, at Mpherembe and the A.L at Bulala (on the upper
slopes and ridge crest). Mzambazi Mission, Eutini.

Potential: A soil of moderate to high arable potential given suitable management.
Widely cultivated.

Nudrient status of fopsoil: Dark brown sandy loams and loamy sands (colour range
moist 7.5 YR 3/2-10 YR 4/3) in which acidity may become a limiting factor for
intolerant crops. Total nitrogen is very low (.05 per cent. or less). Available
phosphate is also low under natural conditions (15 p.p.m. ot less}. Potash levels
are adegquate for normal farming practice at the present. Sulphur may be

limiting for groundnuts.

Agricultwral chavactevistivs:  The profile 1s of moderate depth, and quite adequate for
most annual crops.  Drainage js faitly free, though water will stand for some time
after heavy rain. The scil is easy to work by hand, ox or tractor and is liable to
crosion on the steeper slopes. Well cultivated local maize without fertilizer
should give about 5 bags per acre on recently opened land, and groundnuts
300-1.000 1b. per acre. Nutrient reserves are very poor indeed and without
sertilizer and manure, this soil should be returned to fallow or ley after 2 or 3

years Cropping.
This soil is very responsive to treatment, showing up in no uneertain terms
both geod and bad management,

Responses lo fevtihizers: (Data rom Njinje ‘59 and 60, Manyamua ‘59 (maize);
Niinje '5% and 80 and Kamanga, Kapando, and Manyamula 60 {groundnuts)}.
Any practice that will return nitrogen, organic matter or phosphate to the soil
will give big returns, Sulphate of ammonia may be expected to give increases
51 4 Bags and 2% bags:and 1 hag per acre maize for-successive increments of 100
Ib.[per acre ${A up to a maxmum of 300 Ib. per acre. Superphosphate at 200 1b.
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per acre may give increases of up to 9 Bags per acre if soil analysis shows a low
fevel of available P. Higher dressings are not worth while. F.¥Y.M. will give
large responses, bot ihese have not yet been measured. -

On these soils, if no fertilizer containing sulphur bas besn added in the past,
groundnuts will give a response of £00-600 Ib. per acre shelled nuts to a 200 1.
per acre dressing of gypsum, and a response of 300—400 Ib. per acre shelled

nute to a 200 Ib. dressing of cingle superphosphate. This may also indicate
shortage of available calcium on these rather acid soils.

Residual effects of fertilizers and manures ate likely to be good.

Sustable crops for the area;
Maize (open pollinated, e.g, Namlenga and Askarn or hybrid e.g. Mthenga
Groundnuts (long term varieties. Mwitunde, Dixie Runner, Ch alimbana)
Turkish tobacco
Grass leys
Finger millet
MWENITETE SERIES
DESCRIPTION
Genetic type: Hydromerphic goil.
Parent material: Alluvinm.
Gife: Level area on lake-shore plain.

Vegetalion: Low-altitude marsh grassland; ccattered trees of Acacia albida, Con-
Bretum ghazalense, and Piliostrgma thowaingit

Occurvence, Karonga lake-shore plain, particularly between the Lufira and Songwe
sivers, porth of Karonga, and on the ara Plain west of Young's Bay. Natural
areas ba, d, e
Morphology: Thisisa hydromorphic soil with poor site drainage, but which dries out
seasonally in the upper horizons, permitting cultivation. A mottie reaches to the
surface or immediate subsoil. Depositional bedding is present, and the SETies
differs from dambo clays in that the texture is mot nermally dominantly clay,
althongh clay horizons majy Otcul.

Textures are very variable, with fine sandy clay loams and clay loams the
most common: silt often exceeds 10 per cent. Structure varies with texture,
belng massive in sandy horizons and strong coarse blocky in clays. The series 18
weakly acid, pH 5.6-7.0.

Alkaline profiles, occurring in association with the Mwenitete series, and with
similar morphology, have been exxcludled from the series.

Previots observations of this cories have been made by G. Jackson {dna.
Rep. Agric. Nyas. Pt. 11, 1856/7, pp. 138~ B ‘

AGRONOMIC DATA

Type sites: Mwenitete plot and Hara plain,

Potential; A eoil of fair potential for rice cultivation.

Nudvient status of fopsatl: Very dark grey or grey brown soils (colour range moist 10
YR 8/2) of varying texture but wsually sandy clay loams or clay loams. The
soils are weakly acid, but acidity chould be mo problem. Total nitrogen is
variable, borderline 1o high {.10 per cent, OT thereabonts}. Available phosphate
is low (12 p.p.m. or less). Potash is quite adequate and base exchange capacity is
quite high.
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Agronowic characieristics:  The profiles are deep, stratified and often averlie sand
beds at depth. The soils are flooded for part of the year, but dry ont enough to
enable them to be ploughed by oxen. Weed confrol is the main problem. Un-
fertilized vields of 1ce vary from 1,000 to 2,000 Ib. per acre paddy depending on
weed and water control. Dry season crops do not appear to be grown. Itappears
to be advisable to plough directly after harvest, bare fallow in the dry season and
sow or plant the rice In February on weed-free land.

Respenses fo fertilizers: {Data from Mwenitete '59-"60 and Kaporo '81). Responses
to sulphate of ammonia have been very variable, depending on weed competition
and time of application of the fertilizer. As flooding is uncontrolled, sulphate of
armmonia should be applied to the seed bed and worked in, or possibly top
Aressed Dbefore the floods descend. A 200 1b. application.of S{A can give an
increase of 500-600 1b. paddy and higher dressings up to 400 Ib.facre can give
up to 1,000 1b. per acre ncrease if the rice does not lodge.

Switable crops for the avea!
Kice

NCHENACHENA BERIES
DESCRIPTION

Genetic type: Ferrisol.

Paront maierial: Granitic instrusions, and colluvium derived from these. Including a
biotite-granite, with microcling, biotite, and quartz.

Site; Pediments, 2°-4°, 4 000—4,300 fr,
Vegetaiion. Molst Brachystegia woodland,

(ccrrence. Fast Nyika scarp foothills, near Nchenachena and Lura. Natural areas
1a, b,

Morphology.! From the subsoil downwards the colour iz dark red, between hues 2.5
¥R and 10 R, and the structure weak blocky or massive. It differs from most
ferrisols in being sandier, with the topseil and subsoil sandy clay loarm.

In the lower hotizens the texture may remain sandy clay leam or become
sandy clay; the textural B horizon is wealkly developed and deep. The profile is
normally deep, with no weathered rock above 60 ins.

AGRONOMIC DATA
Twpe sites: Nchenachena station, Lura.

Potentinl: A soil of good potential for acid folerant crops. There are potentials for
irrigation of these soils,

Nutrient status of topsedd: Dark red brown sandy clay loams which are distinctly
acid (pH bBelow 6.0}, Total mitrogen is borderline to low {12 per cent. or less)
as is available phosphate (12-36 p.p m. recorded). Fotash would appear to be
adequate.

Agrioultuval characteristics: The profile is deep but massive, and so may suffer water-
logging in heavy rain where the topography is level or only gently sloping.
Usually slopes are steep and soi] congervation measures essential. Well cultivated
-local maize without fertilizer shonld yield 7-8 bags per acre, groundnuts about
700 Ib. per acte.

a7



Responses to fertilizers: {Data from Nchenachena *57—60). Responses to fertilizers
have been variable, but where the soil is not too acid, and the soil has been
cattivated for a number of vears sulphate of ammonia has given increases of
4 bags and 1 bag per acre maize for surcessive increments of 100 1b. per acre SfA
up to a limit of 200 ib. per acre. Tn other experiments however there has been no
marked response. A 200 1b.[acre dressing of single superphosphate has given an
increase of 4 bags per acre maize. F.Y.M. has not been tested.

On coffee, there would appear to be an increase in wield per tree Trom nitrogen.
and farmyard manure but not from phosphate. Farmyard manure has apparently
enconraged the ncidence of the prev iling dieback, so that yicld per acre Is only
markedly increased by nitrogen.

Suitable crops for the arca:

Maize

Groundnuts

Coflee

Fruit trees

(rass

NEAMANGA SERIES
DESCRIPTION

Genetic type. Strongly {erallitic sandy latosol.

Parent wmaterial: Basement Complex rocks and granitic intrusions. Inclnding a
muscovite-biotite-granite, with quartz, microperthite, plagioclase, muscovite,
and biotite.

Site: Level to very gently sloping plain, and gently-sloping pediments; 3,400-4,000
f6. In assoeiation with the Rumpi series, and commonly in catena above the
Kapemba series.

Vegetation Brachysiegia-Julbernardia  woodland, Acacia-Combretuwm  thicket of
plateawx, and Combraium gharalense-Acacia savanna of lower valley sides.

Occsrrence:  Extensively developed west, north-west, and north-east of Rumpi
including on the Nkamanga Plain. Natural areas 11a, 12k, .

Morphology : The topsoil is sandy loam or loamy sand; there is a moderately develop-
ed, shallow textural B horizon, not heavier than sandy clay loam. The subsoil
is massive, with ped cutans completely absent. The colour does not becomse
redder than the 3 ¥R hue at any depth.

Despite a low organic matter content the topsoil contrasts markedly in
colour with the subsoil, being very dark grey to very dark browm (10 YR};
there is a clear boundary between this and the subsoil, which is yellowish red or
reddish brown (5 YR). In depth a very weak blocky structure may just be
distinpuishabler The mineral reserve is very low in all horizons. The profile is
moderately to strongly acid, tending to increase in acidity with depth. This
series may occur with imperfect site drainage.

_ AGRONOMIC DATA
Twpe sites: Pit on the track from the main road to Kapemba village.

Potential -A-soil of moderate potential for arable cultivation, probably better used for

Tivestock production. Very sparsely cultivated.

Nutrient slatus of topsoil; A very dark grey to very dark brown {(colour range when
moist 10 YR 2/2-10 YR 3/1.5) sandy loam changing: abruptly to a reddish or
yellowish brown sandy clay loam subsoil. The soil is moderately acid, has &

g2
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moderate to low total nitrogen (.01 or less), a moderate to low available phusph.ate :
(15 p.p.m. or less) and en adequate supply of potash. Sulphur deficiency may -
occur. The mineral reserve in all horizons is low as is the base excliange capacity

Agricultural characteristics; This soil appears to have Lttle power to give sustained
high yields and when it is cropped it should be returned to rest after 2 or 3 vears
arable. Unfertilized maize yields are of the order 8 or 7 bags per acre maize,
though groundnut yields can be high, over 1,000 I, per acre. It is probably best
used for a short arable long ley system.

Responses fo fertilizers: {Bolero 54 and Katowo '64). Moederate responses only have
been obtained from sulphate of ammonia on maize—of the order of 23 bags
maize for a 100 Ib.facre dressing. Finger millet yields can be doubled by the -
same dressing. Groundnuts show Iittle response to phosphate, but a 50 Ib. Jacre
application of gypsum has given an increase of some 400 Ib. of shelied groundnnts,

Suttable crops for the avea !

Turkish tobacco
Maize
Grass

NEATA BAY SERIES
DESCRIPTION
Genetic typer Ferrisol.
Parent material: Basement Complex rocks.
Stie: Dissected country, gentle and moderate slopes, 1,800-2.200 fr.
Vegetation : Semi-evergreen forest and moist Brachystegia woodland.

Occurrenice: Extensive areas of dissected country south and west of Nkafa Bay.
Natural areas 20c, 21a, b.

Morphology: A ferrisol characterized by the oceurrence of 1-10 per cent. gravel or
stones in the lower horizens. The subscil and lower subsoil are red or dark red
(2.5 YR) sandy clay or clay.

Stone lines frequently occur in this series; these consist of horizons, normally
with sharp upper and lower boundaries, with a much higher proportion of stones
than in the adjoining herizons. In this seres they are typically 4 ing, thick, and
frequently oceur at a depth of 18 to 30 ing, ; they consist of between 25 and 90
Per ceént. quartz stones, mainly 1-2 ins. in diameter. The series is of moderate
depth, weathered rock commencing at between 24 and 48 ins, Within this rock,
however, weathering extends to considerable depths.

The Nkata Bay series is frequently found in association with lithosols,
In steeply dissected areas a catena may occur consisting of lithosols on ridges and
the upper parts of slopes, passing downslope into the Nkata Bay series. This
was previonsly described as the Mweza Catena {dun. Kep. Debt. Nyas., Pt 11,
1858/9, p. 148}.

AGRONOMIC DATA

Type sites: Near Timbif track in steeply undulating country.

Potential: A soil of moderate to low potential where slopes are gentle enough to make
soil conservation measures reliable. Seattered culbivation,

Nutrient status of topsoil: Dark red brown sandy clay lvam {colour range moist
adequate {.10 per cent. and ahove). Available phosphate is inclinted to he low
{10 p.p.m. or less). Potash status is perfectly adequate. Base exchange capacity
is fair as is base saturation percentage.
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Agfﬂnunﬁc r:}mmt:ﬁm{s_tics: The depth of profile is very variable ranging from 9 to 41L.
in depth. Root room is furiher restricted by the presence of sione lines of quartz
stones some 4 inches thick. Commonly found betwecn lithosols on the ridges
and the dambo soils of the river valleys with patches of Chinyakula or Chombe
series on their lower margms, Unfertilized maijze yields are oply abont 5 bags
per acre and fertilizer does ot increase yield much., These soils are Dest left to
S fforestation or grass, being too shallow for coffee and arable crops.
Responses to ferflizers: (Data from Luwazi '55). No significant response to either
nitrogen or phosphate.
Swuitable crops for the area:
Maize (subsistence)
Cassava {subsistence]
(zrass
Afiorestation

NYIKA SERIES
DESCRIPTION

Genotic fype  Humic ferallitic latosol, strongly ferallitic.

Parent material ;. Principally biotite-granites, incledmg in varying proportions guartz,
plagioclase, microcline, muscovite, and bictite; also recorded in a gneiss, with
quartz, microcline, plagioclase, cordierite, and Tiotite.

Sile: Dissected high-altitude plateat, genile and moderate slopes, 7,500--8 000 L.

Vegetation: Montane arassland.

Oceurrence: Nyika Flatean. Natural areas Su—d.

Morphology: Inthe upper 9.4 ins, there is a dense mat of grass roots, assoclated with &
dark brown topsoil having a high organie matter content (5-10 per cent.} and a
strong crumb structure. The subsoil is 2 yellowish red (5 YR} sandy clay loam,
sandy clay or clay, and has mascive strneture. This series has the lowest basc
caturation fignres of any in porthemn Nyasaland, 5-15 per cent. i the lower
horizons. Weathered rock commences at between 18 and 36 ins., passing rapidly
into fresh rock. _

Deep phase: A deep phase is distinguizhed where weathered rock commences at
depths exceading 36 ms. The colour hecomes red in depth, with a deep textural
B horizon of clay.

Catenary assotigics: Profles with impeded drainage are fairly extensive in the area
occupied by this series. Besides oecurring on lower valley sides, they are {ound
jn valley-head areas and in shallow depressions which occur on many slopes.
The subseil colour is less red, becoming strong brovm or dark vellowish brown,
with & mottle in depth. Texture is clay from the lower subsoil downwards.

The dambo soils in the valley Apors remnain water-logged {orallor the greater
part of the yéar. '

AGRONOMIC DATA
Type sites: Top of Nyika Platean generally. These are shallow soils, usually between

18 and 30 ips. in depth but orcasionally mere, which are very acid and low in.

phosphate (16 p.p.m. OF Jess} though nitrogen and potash appear adequate.
These coils hold & rather doubtinl potenti al jor extensive.grazing or afiorestation
on the deeper phases. Success at atilization has not been conspicuots however
as the altitude and climatic conditions are not favourable.
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RUKURU SERIES

DESCRIPTION _
Genetic type: Alluvial caleimorphic soil, with impeded site drainage.
Parent material: Alluvigm.
Seter Low river terraces, almost level; 3,400-3,600 ft.
Vegetatton: Acacia cultivation savanna of valley floors.

Cecurrence: Lower Kasitu and Lower South Rukurn Valley floors. Natural area 12a,
possibly also 2{, 31, 4g,

- Morphology: Due to imperfect or impeded site drainage, ‘with seasonal flooding,
greyish brown colours predominate. The topscil and the subsoil are from very
dark brown to black; mottling occurs in.the subsoil, lower subseil, or in depth.
Depositional beddmg is present; the sandy horizons are massive, whilst the clay
horizons have a strong coarse blocky structure with strongly developed ped
cutans. The series is characterized by a high base saturation, 70-80 per cent.,
and a very high nutrient status.

The texture is very variabie, but normally at Ieast one clay horizon ispresent ;
a herizon of aimost pure coarse sand has been recorded in depth. The serdes is
moderately acid, normally with pH values of 5.5-6.0

AGRONOMIC DATA
Type sutes; Level valley floors with nsangy {(Acacia albida) trees growing.

Potential: A soil of very high potential, at present cultivated year after vear to maize
and beans.

Nutyient status of iopsedl: Very dark brown to black clays or clay leams (colour
range moist 10 YR 2/2-10 ¥R 3/2] on which acidity should be no problem.
Total nitrogen is moderate {(circa .16 per cent.), available phosphate is usunally
adequate and potash is high.

Agricwltural characieristics:  Profiles are deep with strata of varying texture down
the profile. INufrient status should offer ne problems, vield being controlled
rather by the amount of water that has te be contended with. Layers of coarse
sand or sandy loam at about 3 ft. may help drainage, Unfertilized yields of well
cultivated maize have been vanable, depending on the wetness of the season and
the site but yields of over 13 hagsfacre maize and 1,000 1b. per acre groundnuts
or finger millet are not uncommoen. These solls with proper management could
certainly sustain high yields under contimuous cropping, provided flood damage
were avoided.

Responses fo fertilizers:  (Data Katowo '58 and '59, Bolero ‘58, Ng'onga '58). In
spite of the comparatively high level of soil nitrogen, the potential is so good
that marked responses to nitrogen are obtained, though there is no response by
maize to other fertilizers. Sulphate of ammonia may be expected to give In-
creases of 4 bags and 2 bags per acre maize for successive increments of 100 Ib.
per acre S{A up to a limit of 200 Ib. per acre.

Suitable crods for the area:

Maize
Groundnuts ¢
Finger millet
Soya-beans
Beans
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RUMPI SERIES
DESCRIPTION

Cenelic type: Moderately to strongly ferallitic sandy latosol.

Parent matevial: Basement Complex rocks and granitic intrusions.

Site: Principaliy on pediments, 2° 5°: also found on very gently sloping surface,
1°; 3,400—4.,000 ft.

Vegetation . Brachystegia- [ ulbernardia woodland and A cacia-Combretum thicket of
plateanx; Reissantra indica cOMMOn.

Ocouprence: Lower valley sides porth-west and morth-east of Rumpi, including
Rumpi township area. Natural areas 11z, 12b,c. In association with Nkamanga
series, and commonly in catena above the Kapemla serics.

Morphology: The topscil is a loamy sand or sandy loam. Below this there is a rapid
increase in clay with deptl:, passing through an intermediate sandy clay foam
horizon to a strongly developad, moderately challow textural B horizon of sandy
clay or clay. The enbsoil is massive or with very weak fine blocky structure.
Tn depth the colour reaches or nearly reaches the 2.5 YR hue.

The lower subsoil has a very weak or weak fine blocky structwre, with ped
cutans mo more than weakly developed. The mineral reserve is low. Slight
profile drainage impedance may 0CCuT, due to the downward increase in clay.
The clay is moderately to strongly acid: in one profile the acidity increased pro-
gressively downwards, from pH 5.8in the topseii to 4.2 at 86 s,

: AGRONOMIC DATA
Type sites, Ng'onga, and S.A.L two miles north-west of Rumpl.

Potential: A soil of {air potential for arable crops, quite widely cultivated.

Nudrient status of topseil: Darl brown sandy loams or loamy sands {colonr range
moist 7.5 YR 3/2) of moderate acidity. Total nitrogen status is low (.07 per cent,
or less) and available phosphate is low {20 p.p.m. or less), though supplies of
potash appear to be adequate. These soils may suffer sulphur deficiency. The
nineral reserve is low as is the base exchange capacity.

Agrononiie characieristics: The profile is moderately deep {about 4 ft.) and drainage
is adequately good. The soil is only moderately easy to work and may get very
hard when dry. Nutrient reserves are low and this soil should not be expected to
sustain arable cultivation for more than three or four years without fertilizer.
Undertilized vields ¢n record vary vastly, tut 10 bags per acre maize may be
expected with good rotation, together with 1,000 Ib. per acte unthreshed heads
of finger millet, 001 000 b, per acre syoundnuts, and A00-800 Th, per acre soya
seed.

Responses o fertilizers: (Luvire 59 and "60, Pharasitiwe '60, Kg'onga '59). Replic-
ated experiments available have given remar tably high contrel vields with little
response to nitroger. However one would expect a response of up to 3 bags per
aore maize from a 100 Th. per acre dressing of S/A—but no more. Phosphate is
short and, a 200 1b. per acre dressing of superphosphate maay give an increase of
about 5 hags per acre Maize. Groundnuts following maize will respond to the
residual efiects of such dressings of phosphate, Gypsum moy also be expected
to increase groundnut yields, Tinger millet yields can be increased by the

.. .application of sulphate of ammonia and superphosphates at 100 1b. per acre each.

Swustable crops for the aren” ' S ' :
Turkish tobacco
Maize
Groundnuts
Sova beans

Grass :
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UZUMARA SERIES
DESCRIFTION
(renetic type. Ferrisol, tending towards hnmic ferallitie latosol

Parentmaterial: Basement Complexrocks. Inciuding: 1. Biotite-quartzofeldspathic-
gneiss, with quartz, micracline, plagioclase, and biotite; 2. Homblende-gneiss,
with oligoclase and homblende.

Site: Moderate slopes, 4,600-5,800 ft.
Vegetation . Montane grassland and moist Brachysfegra woodland.
Ocewrrence: North Vipya plateau and hills, natural areas 10b, ¢, 13a, ¢.

Morphology: Trom the subsoil downwards the colour is between the 2.3 YR and 10 R
hues, and the texture clay or sandy clay. The textural B horizon may be absent
or weakly developed and deep. The lower horizons have a weak or moderate
fine or medium blocky structure. The profile is very strongly acid.

The topsoil is dark reddish brown. A small proportion of gravel, approxi-
mately one per cent., 13 claractenstically present in ail horizons. By definition
no weathered rock occurs above 43 ins,

Shallow Phase: This phase is probally more extensive thar the soil described above
in it, weathered rock commences at between 18 1ins. and 48 ins. depth. Shallower
profiles than this are ¢lassed as lithosols. A commen catenary association is
lithosels on ridge ¢rests. Uzumara series, shaillow phase on convex slopes, and the
normal Uzumara series on lower vallev sides.

On certain areas between 8,000 and 6,500 it., including Uzumara hill, the
330es passes mto a humie ferallitic soil. This has a deep, dark brown topsoil
with high organic matter content, overlying a reddishk brown {3 YR 4/4) almost
structureless subsoil.

_ AGRONOMIC DATA
Type sifes : The colfies gardens nfthe AL at Mphompha and ol [ Mzumara, Mzumara
Village.
Potentral - A soil of mederate potential for acid folevant personial crops.

Nutrient siafus of fopsotl: Dark reddish brown clay {colour range moist 10 YR 2/2),
moderately acid (pH 5.7) with all nutrients at a low level, especially phosphate.
The profile is only of moderate depth (4 ft. or more).

Responses fo ferttlizers: No data.
Sudtable evops for the avea: Perennial tree crops, e.g. coffee,

N B. The shallower phases where the profile is less than 4 feet should not be nsed for
coffee, but for afforestation.

YIPYA SERIES

DESCRIPTION
(renefic fype: Humic ferallitic latosol, tending towards ferrisnl.
Parent matersal: Basernent Complex rocks.
Site: Plateaun, dissected in most parts, gentle and moderate slopes, 5 l'!ﬂt}—ﬁ BUG 11,

“egetation: Montane grassland  Ervthrine tomeniosa common.
Ocotwvence! High Vipya Platéan Natural aress 193, b,
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Morphology. The iopsoil has abundant grass roots, giving rise to a strong crumb
trncture. The subsoil is dark reddish brown, and is weakly or very weakly
ctructured. The clay content shows a continuous increase downwards in the
profile, with the textural B horizon deep and fairly weakly developed. The lower
subsoil is a sandy clay, in the 2.5 YR hue or slightly redder.

There is a moderate to high {4-10 per cent.) orgamc matter content in the
topsoil; this is black or dark brown in colour, with a sandy clay loarn texture.
Fine sand predominates over coarse m all horizons. In the lower subsoll or I
depth the structure reaches the moderate grade, with ped cutans present. The
profile is moderately or strongly acid, pH 4.5-5.9.

Shallow phase: A shallow phase is distinguished where weathered rock commences at
between 18 and 36 ins.

AGRONOMIC DATA
Type sites: Champoyo and Luwawa.

Potential: Soils of moderate potential for a specialized type of agriculture, but excellent
for reafforestation.

Nutrient status of tepsvil: Black or dark red-brown sandy clay loam (colour range
moist 10 ¥R 2/1.5 to 5 YR 3/3) of moderate acidity (pH 5.5 to 6.0). Total
nitrogen level is moderate to high (175 or over}, available phosphate is low {20
p.p.m or less) and potash is high. Nutrient reserves appear to be fair and organic
matter is high

Agricultural characterisises: The profile is deep and fairly well drained. The topsail,
abounding in grass 1octs, has a good crumb structure and is fairly easily-worked.
Maize is out of its element and is not expected to yield more than 6 bags per acre

anfertilized. Potatoes have given yields of 3 to 5 tons per acre and temperate
cereals have given yields ranging as follows:

Wheat, 600-800 1b, per acre
Rye, 200600 Ib. per acre
(Oats, 1,000-1,400 Ib. per acre
~ Barley 800-1,000 Ib. per acre,
Sheep have thrived on planted pastures.
Responses o fertilizers: (Data from North Vipya and South Vipya °51-'53 and
[ Luwafwa '35). On these soils farmyard manure and phosphate have inereased
vields. Farmiyard manure has given increases of 1 to 2 tons per acre of potatoes,
200 1b. per acte sulphate of ammonia has increased yields of batley and vats by a
bag per acre and maize by 2 bags per acre but this does not always occur, 300
Ib, per acre superphosphate will almost certainly increase yields of barley, oats

wheat, maize, and rye by a bag per acre, lime had if anything a deleterious effect
in the year of application. There were no residual responses.

Suitable crops for the areq:.
Potatoes
Maize (subgistence)
Barley and oats (feeding)
Grass - | L
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WENYA SERIES
DESCRIPTION

Gensiic fyge Strungl}' ferallitie sandy latoscl.

Parent material: Basement Complex rocks,

Swte: Gentle slopes, 4,500-5,000 it.

Végetation:  Brachysiegia-Tsoberlinta  and Brachystegia-Cryptosepabm  woodland:
Combretum ghazelense may be present,

Ocewrrence: South-east of Chisenga, between Wenva and Ntalire. Natural areds Ja, b.

Morphology: The topsoil is sandy loam or loamy sand. Dowrwards the texture
becomes sandy clay or sandy clay loam, characteristically with a small or moder-
ate gravel content (1-6 per cent.).  The colour is reddish brown, brown, or dark
brown, becoming no redder than the 5 YR hue in any horizon, and the texture
remains maszive throughout.

The lower herizons become very hard when dry. The profile is of moderate

depth, and i one case a stomo line at 30-39 ins. was observed. The mineral
reserve is very low. This series may oceur witl imperfect site drainage.

. ALRONOMIC DATA

Type sites: (ardens of H. Simwaka at Minda Village or D. Muwowo at Muwenje
Village, north of Nthafire. o _

Potentzal: A soil of low to rioderate potentizl for annual arable CTOPE, ViCY similar to
Fort Hill series.

Nudrient status of topsetl: Very dark grev gravelly sandy loan (colour range maoist
about 2.5 Y 5/2} which is inchined to be acid. Total nitrogen is low {less than
10 per cent.), available phosphate is horderiine (20 npm. or lzss) and potash

- just-adeguate. -

Agromomie characteristics, Tz soll type 15 a rather shallower and stonier version of
the Fort Hill series, and until more experimental work is done, Wenva and Fort
Hill sexies shonld be treated alike from a fasming angle.

Swurtable crops for the area:
Finger millet
(Greundnuts
Maize
{zrass

DAMBO CLAYS
DESCRIFTION
Grenefic é}g’:ré: H}'dmmnrph:ic soil.
Parent material: Allgvial clays,
Sife: Level valley-floor areas.

Vegetatioss: Marsh grassland.

Ogourrence:  Most valley floors in all areas; particularly along the Upper.South

' "Rokwm, including near Yake Kazuni Extensively developed in the Vwaza
Marsh, areas:in the south-west of the Upper South Rukurn Valley, and the
Limpasa Dambe. Natural areas 11d, 154, 16, 21g. P




Morphology: Mo systematic observations of these solls have been mads, consequently
they have not been defined as a series. They have poor site and profile drainage,
and the texture is clay throughout, with the possible exception of the topsoil.

A1l horizons are either motiled or are black to dark grey. There Is & strong coarse
blocky structure, With strongly developed clay cems.  Irom concretions, either
soft or hard, commonly occur in depth.

Marsh soils, remaining continuously waterlogged, occur in the Vwaza Marsh,
Lake Kazuni, and the Chiwondo and Miali Lagoons ; Bo observations of these
have heen made. -

AGRONOMIC DATA

The proper dambo clays will be for 2 great part of the season water-logged
ond have a potential for rice cultivation if fooding Is even and intense, and for
dry season grazing where the waters recede.

One or two experiments on dambe margin soils have been recorded, grey of
black clay loams, rather acid but otherwise apparently of good nutrient status.
These sites {Lazato Jers 58 and 60 and Zombwe '57) produced unfertilized
yields of maize of some § to 10 bags per acre maize and 1,100 b, per acre of finger
millet, Sulphate of apamonia has nevertheless given increases of 3 bags and 1}
bags per acre maize to SUCCESSIVE increments of 100 1b. per acte SfAuptoa
maximum of 200 b, per acre. The response of finget millet o 200 1b.facte S/A
was to double the yield. These TESpONSes are surprising in view of the high soil
analysis for total nitroger (.20 or over). More information is certainly needed on
these soils if they are to be to any great extent cultivated.

SANDY DAMBO SOI LS
DESCRIPTION

Goils with poor site drainage tut with 2 more sandy texture than the Dambo
Clays have been recorded. Mottling reaches close to the surface.

AGRONOMIC DATA
Ag for Dambe Clays.

ALKALINE SOILS
DESCRIPTION

Only onc alkaline profile was obgerved during the present survey, & soil at
Mpata, west ‘of Karonga, having the profile morphology of the Lughali series; but
previous sbservations by G. Jackson {danst. Rep. Dept. Agrie. Nyas, Pt. IT, 1956/7, pp. -
128-9, and unpublished mannuseript) suggest they may ocCut fairly extensively arnid
the Mienitete series. The division between the Afwenitete series and alkaline soils
may be placed according to whether any alkealine horizon occurs above 48 ins.

AGRONOMIC DATA
Tpé site: Master Farmer Kishombe, Mpat, West of Karonga.

Agronomic characleristics: Soils of Lughali, Miwenitete and Karonga type may become
allcaline in certain parts, The coils are similar to these series, but may be more
gifficult to work and will give lower yields of crops, which will not respond to the

normal ferfilizers. Well cultivated maize is unlikely to give more than 6-7 bags
par acte grain. ,
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LITHOSOLS _ -

DESCRIPTION

These occur very extensively. They inclade all sorls that are sufficiently stony,
bouldery, or thin to prevent cultivation. The definition of the group is that either or
both of the following characteristics are present:

1. Stones and gravel exceeding 20 per cent. in the subsoil.
2. Weathered rock commencing at a depth of less than 18 ins,

There are no accessery clharacteristics to this group. The fine fraction most
frequently has the properties of sandy ferallitic soils, but ferruginous-type profiles are
not UNCOnnon.,

The vegetation is Brachystegia hill woodland.

AGRONOMIC DATA

These are widespread in the foothill and escarpment areas of the Vipya, Uzumara
and Nvyika plateaux. They are too stony or shallow for efficient cultivation and
should be used for range grazing where the gradients are gentle or indigenous forest
or game reserve where the gradients are steep.
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