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ABSTRACT

This report describes a soil survey of the proposed refugee settlanent

area at Mishamol Mpanda District/ Rukwa Region. The survey was conducted

at the request of the Ministry of Home Affairs and the United Nations High

Commissioner for Refugees, United Republic of Tanzania.

About 1,000 sq.km. were surveyed. The survey was based on field

observations using topographic maps for compiling the data. The soils map

of the area was prepared at a scale of 1:502000.

The major soils of the area were identified and described2 and their

suitability for agTicultural use in particular for rainfed crop production

was evaluated.

Six physiograPhic units were recognized. Further sub-divisions of

these units were made takitnginto account the kinds of soils and their

inherent soil fertility, slope/ erosion hazards and otherihctors which

are likely to restrict agricultural production in the future.

About 54 percent of the surveyed area is suitable for the production

of a wide range of upland crops and can be recommended for the settlement

of refugees. The remaining land, though not suitable for intensive oulti-

vation of upland crops2 can be used in other ways according to the

characteristics of the site. Some areas are suitable for cultivation of

Paddy ;Ice; other areas are only suitable for production of firewood2

charcoal etc.



INTRODUCTION

BACKGROUND AND IIIPLIBMITATION

The soil survey and related land use suitability study of Mishamo Area,

Mpanda District, Rukwa Region, were undertaken by the National Soil Service

Project in order to assist the Ministry of Home Affairs and the United

Nation's High Commissioner for Refugees (UNHCR) in the establishment of a

settlement for 30/000 refugees, the immediate objective being to reduce the

excess of population of the Ulyankuly Refugee Settlement, Tabora. This

survey follows a recent viability study of 3 potential sites, in which

Mishamo Area was identified as the most suitable one for settling refugees

( 19).

The field work was carried out between the months of May and August,

1978 by J. Magoggo, Agr. Research Officer; A. Kiwelu and L. Dagga, Agr.

Field Assistants; E. Mosha, Recorder; E. Bomans and J. Hof, FAO

Associate Experts; and E. De Pauw, FAO Soil Survey Officer.

were
The aerial photographs of the area/interpreted by J. Hof and E.

Domansi FAO Associate Experts. The chemical analysis of the soils were

conducted at the Central Soils Laboratory, ARI Mlingano, under the

supervision of R6 Menon, FAO Soil Chemist. The report was prepared by E.

Domans, FAO Associate Expert and J. Mageggo, Arg. Research Officer; it was

reviewed and edited by E0 De Pauw, FAO Soil Survey Officer, and E.J.

Espinosa, Project Manager.

The report includes 3 main chapters, several technical appendixes and

a soils map at a scale of 1:501000. In Chapter 1 the environmental factors

of the surveyed area are described, in particular the geology, physiography,

vegetation, land use and climate. In Chapter 2 a general account of the

soils is followed by a description of the mapping units established during

the survey and shown on the accompaning soils map. Chapter 3 discusses

the suitability of the area for crop production and settlement of refugees.

The Appendixes are mainly intended for soil scientists as they include

detailed technical desCriptions of the soils/ soil analytical data, methods

of soil survey methods for evaluating land suitability/ etc.
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SUIIIIARY OF COYCLULII0P.2 12ID MiC01.121:121DA_TIOr2

A total of 6c9 sq.km. approximately (54%) of the surveyed area,

included.mainly in mapping. imite Pw, Cuw, Clu and Fr, are suitable for

a sustained production of a wide range of rainfed, upland crops. They

should be Preferred for the settlement of refugees.

The remaining land is not suitable for intensive cultivation of upland

crops, but can be used in other ways for the sustenance of refugees. A

total of about 60 cc ca., ocaaring mainly in mapping units CuT), Clp, Fo

and Fa are moderately to highly suitable for paddy rice cultivation.

Other areas can be used for the production of firewood, charcoal, fruit

trees in places, etc.

About 6/000 families (30/000 persons) con be settled in the surveyed

area. Not less than 10 ha, of a.ricultural land need to be allocated to

each family, as per a recent -OHCR viability study.

4, The main constraints for a sustained crop production are the low

natural fertility of the major soils and the severo risk of soil erosion

on the steep and sloping land.

Crop rotations having a short period of cultivation followed by a

long period of fallow are recommended for the area as a whole. llore it

necessary continuous cropping can also be practised in units Pw, Cuwi

Clw and Fr, but this would require heavy application of fertilizer and/or

manure.

As the response of soils to chemical fertilizers is unknown, they

should be introduced gradually. Particular attention should be given to

the utilization of crop residues, cultivation of leguminous crops and

application of farm manures where possible. The feasibility of using

human wastes in the near future deserves study.

Room-fie:n(10d soil conservation practices to control soil erosion,

mainly in mapping units Pu and Cuw, include contour cultivation, tied-

ridging, cover crops and mixed cropping, and minimum tillage. Drainage

ways and mapping unit h should be kept under vegetativo cover.



Chapter 1
_

GENERAL DESCRIPTION OF THE AREA
11 LOCATION, POPULATION AND COMMUNICATIONS

The Mishamo Area is located in the northern part of Mpanda district,
litikwa Region, between latitudes 5°30'S and 5°45!S aad longitudes 30°15!E
and 30°45!E. It is situated along the read Mpanda-Ùvinza, mainly west of
it. Uvinza is abott 70 km to the north-west, Mpanda at nearly 120 km to
the soUth,-east and Lake Tanganyika at abott 70 km to the west. Elevation
above sea level ranges between 1,000 aad 1,600 m. About 1,000
were surveyed.

There are scattered inhabitants in the area. They mainly include
road workers living in temporary quarters alang the Mpanda-UvinZa road.
However there is evidence of abandoned, older settlements in some places.

The only means of surface communication is the all-weather, non-
metalled road linking Mpanda with Uvinza. The western and central parts
of the surveyed area are virtually inaccessible and can only be reached
on foot or by car along bushtracks.

From Uvinza there are rail liras with Kigpma, Tabora and Dar-es-Salaan
through the Central Line. A railway connects Mpanda with Tabora.
Telegraph facilities exist in both towns, teleildhone only in Uvinza.

1,2 GEOLOGY AND PHYSIOGRLPHY

The Mishamo Area is included in the Bukpbah geOlogical system. The

geological substratum consists mainly of layers of hard, medium to coarse
grained quartz sandstones alternating with shales. Conglomerates and
siltstones occur as well. In most cases the layers are slightly inclined,
rarely horizontal. As a result of the alternation and inclination of
these layers having different resistance to weathering, a cuesta relief
has developed. This cuesta is characterized by steep front (scarp) slopes
and slightly tilted back (dip) slopes. The slopes of the plateaux are
determined by the dip of the underlying sandstone and shale layers.

Five main physiographic units were recognized during the uurtro-y. A

schematic cross-section showing these units as well as their relationships
with the dominant geology and soil mapping units is given in the
accompaaying Soil Map,

Plateaux In the surveyed area the plateaux occur at two main levels of
elevation. In the northern and northeastern areas
1,500 and 1,700 m, above sea level, whereas in the
areas elevations range from 1,000 to 1,400 m, on];Y
undulating with dominant slopes of 2 to 8 percent.
nearly flat depressions.

Pago 1

they lie between
western and southern

. Topography is
There are also some
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Weathering of the shales has given rise to a thick, loamy regolith

with scattered rock avAcrops. On the other hand, weathering of the

sandstone has developed a thick sandy regolith, with abundant rock out-

crops and boulders.

maarmgaia They are usually nearly vertical cliffs of sandstone and

shale, with associated bouldery slopes and coarse debris at the foot.

Colluvialfootslo1Ds The areas lying between the escarpments and either

the valley floor basement or the floodplain are ocaupied by colluvial

footslopes, which mainly consist of unconsolidated colluvial materials

from the escarpments. Coarse and fine textured materials are intermixed,

sometimes stratified. They are derived from sandstones, shales and

siltstones.

In crosssection, the colluvial footslopes are slightly concave and

have slopes varying from 1 to 8 percent. On the basis of topographic

position and slope gradient, two subunits were recognized:

Upper parts, 2 a/. slope

Lower parts, 1 210 slope

Valley_ floor basement This unit consists of a broad, flat depression

occupying the major part of the Rugufu valley, south of Magunga Hill.

Slopes do not exceed 1 percent. The area is characterized by the presence

of a contineous ironstone layer near or at the surface. This layer was

probably formed of soft, ironrich materials in a poriod of more impeded

drainage than at present. When lowering of the base level caused

incision of the river system, drainage improved, and the ferruginous

materiols hardened to ironstone. The loose soil material covering the

ironstone was probably removed by erosion. The weatherino-resistant

ironstone formedavalley, which is being covered at present by collUvia

from the footslopes. It is also possible that the ironstone was formed

by accumulation of iron at the foot of the scarp and expansion as a

result of scarp retreat.

Floodplain This unit includes almost flat, relatively narrow areas

along the main channels of the Rugufu river system. Most of the unit

is occupied by an active floodplain, adbject to flooding and yearly

deposits of mainly clay and silt. Some areas consists of a system of

narrow levels and slightly lower backswamps, which are occasionally

flooded during the rainy season* There are also a number of older

floodplain ridges occupying a higher topographical position. These

ridges are not subject to flooding.
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1.3 HYDROLOGY

The porosity of the sandstones and the,relative impermeability of

the chales provide a good water catchment system. Large amounts of

water, stored during the rainy season, appear to be released slowly

throughout the year. Water infiltrating the colluvial materials of the

footslopes drains towards the rivers. This could explain the perennial

nature of the rivers and the presence of seasonal groundwater at a

shallow depth in the soils of the footslopes.

The principal river draining-the areais the Rugufu: flowing into

Lake Tanganyika. This river has formed a narrow flood plain, with a

system of levees and backswamps. The Musihasi river and a number of

its tributaries have intermittent courses. In some reeky arcas the

water flows either over or underneath the river bed.
features

The river pattern is *,argely determined by geological/such as dip

of strata and fractures in the substratum* This is inferred from the

dominant direction (SliEW and NESW) and some abrupt, rightangle

changes in river coursest

1.4 VEGETATION AND LAND USE

The Mishamo Area is ccvered by littledisturbed woodland and grass-

land. Brachystegia: Pterc'mrpas (Mninga) and Terminalia sp. are the

dominant trees. Distributon of the species and density of the

vegetation cover appear to be closely related to some soil characteristics

such as drainage, soil depth and texture.

The well drained soils of the plateaux are covered by open woodland

with short and medium grasses as undercover. Terminalia trees are rare.

On the drier, sandy parts of the plateaux open spots with tall grass are

common. The woodland on the rocky parts of the plateaux is less dense

or even scanty.

The escarpments and bouldery areas carry a scanty tree cover and

patches -of grasses.

Woodland also covers the footslopes: but it is generally denser and

taller than on the plateaux. Terminalia species are abundant, especially

where soils are moderately well or imperfectly drained* Tall grass is

common on the steepest 1)arts of the upper footslopes.

The valley floor basement: with its ironstone layer near or at the

surface, is covered by open woodland with rather: smal:43; contorted

trees.

River courses are .,:;cmmonly fringed with dense forest. Most Swamps

are covered by grasses*
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105 CLIMATE

The climate of Mishamo Area is characterized by a long rainy

season (November to April) during which more than 90 percent of the

rainfall occurs; and by an almost rainless dry season (May to October).

There is one meteorogical station in the uurveyed area, but no

data are yet available as the station became operational two years ago

only. Instead data for Mpanda and Uvinza are given in Table 1.

Although Mishamo Area is nearer to Uvinza than to Mpanda, the data

from the latter seem more relevant, as elevations above sea level are

similar.

Temperature records (six years observations) for Mpanda (12, 13),

show that the coolest month is June with a mean maximum temperature of

29.8C and a mean minimum temperature of 1001000 October appears to

be the hottest month with a mean maximum tanperature of 34°C and a

mean minimun temperature of 16.900.

Temperatures in Mishamo Area are expected to be 1 to 200 lower

due to the higher elevation.

The mean annual rainfall for Mpanda, calculated over the period

199...1977, is 1266 mm with a standard deviation of 193 mm. This

¡aclioates that in foUr years out of five the annual rainfall can be

expevbed to exceed 1100 mm and in nine years out Of ten to exceed 1020

mm, 1,6st of the precipitation falls in the rainy seabon frbm November

to April, without prolonged dry spells. Peaks of rainfall ocaar in

December and March. No rainfall was recorded in JulyAugust.

Potential evaporation is high. However, according to Fiewolt (11)

thex.e is a balance between evaporation and rainfall, and even an small

water surplus can be expected in the rainy season from November through

Apri.l. Water deficits in this period for general agriculture are

rather unlikely to occur.
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Table 1 - Rainfall

MANDA AMJJASO N D Year

Mean monthly rainfall (. 188 194 277 182 36 11 0 0 5 35 161 228 1266

Standard deviation (mm) 62 81 140 77 72 46 0 0 9 40 116 70 193

UVINZA

Mean monthly rainfall (mm) 123 135 148 157 36 2 1 1 25 98 149 173 950

Standard deviation (mm) 45 47 54 58 41 4 3 3 21 63 60 63

Source: Meteorological Department, Dar es Salaam (3,4)

Rainfall for Hpanda: Average from 18 years, 1959-1977

Rainfall for Uvinza: Average from 28 years, 1946-1974
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Chapter 2

SOILS

A general description of the soils of the surveyed area is given

belowt Detailed technical descriptions of individual soils together

with available analytical data for them are given in Appendix 3 ec 4 of

thib reportt An account of their classification in terms of inter-

nationally accepted Systems is included in Appendix 3.

2-01 GENERAL DESCRIPTION OF THE SOILS

The soils of the area generally occur in coMplex patterns and may

vary considerably over short distances, especially in teXture

drainage. During the survey a number of individual soils were

recognized, but could not be shown separately on the accompanying

Soils Map at a scale of 1:50,000. Instead the soils were described

and mapped in relation to the physiographic units in which they

occur. More specifically_ a correlation was made of landforms,

landform elements/parent materials and soil patterns., The cross-

section given in the Soils Map illustrates this correlation.

Soils of the Plateaux

The plateaux are mainly covered by deep, well drained, loamy

soils having dark brown to very dark greyish brown topsoils and strong

brown or yellowish brown subsoils. The subsoil layers are usually

finer in texture than the topsoil. These soils are developed in a

thick regolith of weathered shale.

Important areas are occupied by a complex pattern of shallow,

sandy andlaamy soilz and numerous sandstone outcrops and boulders.

The soils are developed in both weathered sandstone and colluvium

from shale. There are also areas covered by somewhat excessively

drained, deep, yellowish brown sandc which are developed in

weathered sandstone. Sometimes these deep sandy soils occur associated

in intricate patterns with the shallow, sandy and loamy soils. They

could not be shown separately on the Soil Map.

The'depressions on the plateaux are occupied by poorly drained,

deepldarkcoloure0 sands. They occupy a very limited area.

Soil of the EsqLE0aRnts

The escarpments and associated bouldery slopes are characterized

by a complex pattern of shallow, often gravelly soils and numerous

rock outcrops and boulders.
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Soils of the Colluvial Fsó¡sIapes

The soils of the conavial footslopes are developed in °alluvial

material derived from sandstone, shale and siltstone. Those materials

are usually intermixed, sometimes stratified, and soil textUree often

vary considerably in a very irregular pattern.

The upper parts are Mostly coVered by well drained, deep, coarse

to medium textured soils having brOwn to very dark greyiSh brown top-

soils and strong brown or yellowish red subsoils Subsoil layers are

generally finer in texture than the topboil. In some areas adjoining

the escarpments, the medium textUred soils appear to be deVeloped in

weathered siltstone. Where small rivers from the escarpments spread

out on the footslopes, soil drainage is imperfect or poor.

The lower parts mainly include well drained, deep, coarse to

medium textured soils having dark brown to very dark greyish brown

topsoils and yellowish broWn4 strong brown or brown subsoils. Some

areas are occupied by. moderately Welland imperfectly drained, coarse

to medium textured soils, often with cammon ironstone gravelbelow

about 1 m of the surfa0e0 Topsoil colours are brown to very dark

greyish brown; depending on drainage conditions the subsoil may be

strong brown, yellowish brown or pinkish grey, with prominent red

or strong'brown Mottles.

There also ocour imperfectly and-drained Sails at the lower end

of the oolluvial footslopes, where seepage water is atior near the

surface owing to the presence of compact ironstone or clay layers at

a shallow depth. These, soils vary widely in texture from loamy sand

to clay. Dominant topsoil Celours are,very dark brown, very dark grey

or bladk; those of the subsoil are grey or brown, often with prominent

red mottles.

Soils of the Valle Floor Basement

This unit includes shallow, gravelly soils overlying an ironstone

layer at less than 50 cm of the surface. Where well drained, brown to

strong brown sandy loams to sandy.clay learns predominate. On the

other hand, the poorly drained sites are covered by darkcoloured sands

to sandy loams. Boulders and ironstone outcrops are common.

Soi s of the Floodplain
The active, floodplain is occupied by poorly drained, deep clay loam

and clay soils, with a darlo greyish brown, sometimes bladk topsoil and

a massive or stratified, grey to dark grey substratum. These soils are

subject to shallow floodiag by river water and remain waterlogged

throughout most of the year.
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The levees include moderately well drained, pale brown sands,

loamy sands or sandy lonas, which are usually stratified at less than

50 cm of the surface. In contrast the backswamps are covered by

poorly drained clay loams and clays, which are similar in character-

istics to those of the active floodplain9 They are seasonally flooded

by river water up to a shallow depth.

The older floodplain ridges consist of well drained/ generally

deep, coarse to medium textured soils having brown to very dark

greyish brown topsoils and strong brown to yellowish brown subsoils.

These soils are not subject to flooding.

292 DESCRIPTION OF THE MAPPING UNITS

Seventeen mapping units were set up during the survey and they

are described below in the same order as they are shown in the legend

of the Soil Mapa The descriptions are given in a tabular form, in

relation to the physiographic units in which they occur.

The descriptions indica-te the kind of landscape within the

unit; where relevant how the different soils within the unit occur

in relation to the landscape; the main identification features of

the soils/ which usually lie within the subsoil layer; drainage

characteristicks; vegetation and an estimate of the area
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dapping Unit '

r

Physiography Soils Vegetation sq.km '
%

of surveyed
Area

Pw Plateau on weathered shale,
moderately dissectedy 2-Fil-

slope

Complex of deep, well drained soils:
( i) Dark brown to very dark greyish

sands and loamy sands overlying
strong brown to yellowish brown
sandy loams and sandy clay loans

ii) As above, but sandy loams over
sandy clay loams

(iii) Less than 15% of unit. Soils as
(i), but yellowish red subsoils

Brachystegia woodland with
ground cover of medium and
short grasses

354 31.2

Ps As Pwy but on weathered
sandstone

le i or somewhat excessively drainedy
deep sands with very dark greyish
brown topsoil and yellowish brown sub-
soil

_

Brachystegia woodland an
spot of grassland 8 0.7

Pr

.,,./ .."

As Pw, but mainly sandstone
outerop,9

of Pr an'a PiT

Sandstone out crops: buUr-aders or
nor&imeons 07:1173rop: shal1o71 so.".1

_ - '

Bare rock rith some trees
,7'''. . ,(r:''-.27 '7',

.5.P.:

225

Pm
--

Almost flat, shallow depress-
ions on plateau, 0.2% slops

Poorly drained, deep, bIOk to dark
greyish brown sands

Grassland, mainly medium
grasses

0.6

SOILS OF THE PLATEAUX
Area: 613 sckra 54% of surveyed area



SOILS OF THE -ESOL2F0=

lfiapping Unit Physiopmaphy

E

Soils Vegetation sq.km

Are 101 sq.km. 8.9% of surveyed area

ea
of surveyed. area

Pago 10

Nearly vertical srndstone and shale
or mere

escarpments (10C%1slope) -with

lainly rock outcrops and boulders

with patches of shallow, often

Bare rock with

some trees and
101 8.9

associated bouldery slopes gravelly soils grasses

(8-5GX, sloPe)



Note: In unit Cuw some soils have E,endor loEmy sand texture throughout the profile.

Mapping. Unit Physiography Soils Vegetation

t

scT.km.

_trea

% of surveyed
Pea

Guw Moderately dissected
upper parts of
colluvial footslopos,
2-8o slope

Gomplox of deep, well drained soils:
( i) Brown to very dark greyish brown

sandy- looms overlying strong brown
or yellowish red sandy clay loamy
sands

Brachystegia woodland with
ground cover of medium and
short grasses 90 7.9

ii As above, but sands or loamy sands
over sandy loams to sandy clay loams

Cuw(e) As Cuw, &allied rh:Ise AF, cyl: Scrub 2 0.2

Cup Gently sloping upper
Darts of °alluvial
footslopes, 2-3 alope

Complex of:
( i) Imperfectly and poorly drained,

brown and grey soils. Topsoils
are usually sandy clay loam,
sometimes suld or loamy sand,

Grassland and wooded
(Terminalia sp.)
grassland

3 0.3

Subsoils range from sandy loam to
sandy clay

(ii) Less than 10% of unit. Moderately
well drained yellowish brown to pale
brown san , loams and sandy clay
loams

SOILS OF THE 0DALUVIAL FOOTSLOPES, UPPER PARTS
Area: 95 sq.km. 8.4% of surveyed area



Notes At the time:of the survey, the modaratelz: well and imperfectly drained soils of unit Clw usually had gmundwater between

50 cm and 200 cm of the surface. In unit Clp the groundwater was usually at less that 50 cm of the surface©
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-- ----
Mapping Unit Physiography Soils Vegetation

.k

Area

sq m. 0-,p o,, surveyed

area

Clw Slightly dissected lower
parts.of colluvial foot
slopes, 1-2,,, slope

Complex of:

( i) Uell drained, deep sands or loamy
sands overlying sandy loams to sandy-
cluy loams. Topsoils are dark brown
to very dark greyish brown.; subsoils
are yellowsih brown, brown or strong
brown"
--is above, but moderately well or
imperfectly drained soils, often
with red or strong brown mottles and
ironEtone gravels below 1 m

Brachystegio,
Terminalia woodland
with ground cover of
short and medium grass
es

155 13.7

Es Clw, gullied phase As Clw Sera 1 0.1

Clp Mainly lower end of
colluvial footsloyes,
with slowly permeable
substratum (ironstone)
or compact clay layers

1-2% slope

Complex of deep, imperfectly and poorly
drained soils of variable textures:
mainly sandy loams and sandy clay loams
with ironstone or compact clay layers
bdow 50 cm. Topsoils are very dark
greyish brown to black, subsoils are
breNn cr grey, often with prominent
red mottles

Medium grasses and
wooded grazsland 24 2.1

20ILS OF THE COLLUVIAL SLOPES, L0WhR PAPTS Area: 180 sq.km; 159% of surveyed area
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Ma-oping Unit Physiography Soils Vegetation su.km.
.Area

% of surveyed
Area

Vw - Almost flat valleyfloor
basement, 0-1% slope

aallow, well drained, often gravelly,
-brown to strong brown sandy loams to
sandy clay loams, overlying an ironstone
layor at less than 50 cm of the surface.
Common ironstone outcrops and boulders

,Toodland with

stunted, contorted
trees 75 6.6

Vp Almost flat deprersions Fe Vw, tut poorly drained, darkcoloured
sands tc sandy clay loams. Few ironstone

Grassland or
wooded grassland 22 2.0drainageand ways,

C-1% slope outcrops and boulders with stunted,
contorted trees

SOILS OF TEA VLL27',Y. mon BL5LMENT firea 97 sa.km. 84 of surveyed area



Pa

Hr

Mapping Unit Physiography

Po

Soils Vegetation

grey or dark grey masTive or stratified
substratum

- - ----
, Young meander floodlai:n7 l_ssociation

Moderately well drained, dx,cr,,), pale

brown1 stratified saods to sandy loal:13
on levees

Poorly drained seasonally f:jooded,
deep clay loams and clays in back-
swamps; topsoils are dark greyish brown
to black2 subsoils are grey or dark
grey

Older floodplain rides, Well drained, deep loamy sands overlying Woodland
0-1% slope sandy clay loams to sandy clays. Top-

soils are dark brown to very dark greyish
brome; subsoils are strong brown or
yellcwish brown
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krea
km. % of surveyed

area

Grasoso, srUI:;2 small
trees 8 0.7

Notes: Unit Fo and the backswamI arome of anit Fa are seasonally flooded by river water and remain waterlogged throughout most

of the growing season.

Active floodpiaLu,,,

0-1% slope

Poorly drained, deep clay losar and clays Grassland
having a dark grey to black topooil over !

28 2.5

SOILS OH THE FLOODPILLIN Area: 46 sq01m, 4.1% of surveyed arca
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LAND EVALUATION

In this chapter the practical significance of the soil differences

recognized during the survey, together with important environmental

factors, are assessed in respect of crop production, More specifically

the soils, climate, physiography, drainage characteristics, scil

degradation processes, etc, are evaluated in relation to relevant kinds

of land use. This assessment is made taking into account the main

socipeconomic aspects applying to the surveyed area. It may be noted,

however, that detailed quantitative studies correlating social and

economic factors with physical land attributes are beyond the scope of

this report.

The principles and methods given in a Framework for Land

Evaluation, ,FA07(6), by means of a land suitability classification

have been followed (Suitability refers to the fitness of a given typo

of land for a specified kind of land use). The different land units

recognized in the area are evaluated below in terms of land suitability

classes in respect of nine land use alternatives. The rating.

determinod on the basis of five physical land attributes, which are

considered as the most relevant ones for the purpose. In terms of land

evaluation these attributes are referred to as "land qualities".

3.1 LAND USE ALTERNATIVES

The land use alternatives, for which suitability ratings aro

given, include most of the crops which are expected to be grown in

Mishamo Area in the near future. The crops under consideration are:

Rainfed upland crops: Maize, Cassava, Sorghum, Sweet potatoes,

Beans, Groundnuts and Tobacco;

Paddy rice, which is grown on land that is waterlogged for

most of the growing season; and

(iii) Woodland, mainly for firewood and charcoal.

It is assumed that the crops are grown in small holdings, with low

capital inputs, high labour intensity and no or little mechanization.

Other inputs include light or moderate application of fertilizer; and

some minor management practices such as contour fanning, ridgin,

mulching, simple flood protection measures, etc.

Land use alternativos which may deserve attention in the futuro

include fruit trees, soya beans, vegetables, sunflower, forage crops,

rangeland, etc.



Crop

Maize

Beans

Cassava

Sorghum

Groundnuts

Sweet -
potatoes

Tobacco

Paddy rice

Woodland

tT H

Susceptibility ,t

o waterlogging Remcaks

Very susceptible;
to dry spell in
critical growth
stac.,es

Tuber duvelop- !

1 ment is restric

1

ted in shallow/1
' clayey/stoney
, soils !

!

i
!

Harvesting and
nut developlient

1

are hampered in
hard/clayey
soils

i

Tuber develop-
ment is restric-
ted in stony/
clayey soils

Flue-cured types:
are best grom
on light and
medium textured
soils

Soils should be
level and should'
maintain sur-
face water

Root develop-
ment is restric-
ted in shallow
soils
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The main ecological requirements of the crops under consideration are given

in Table 20 The requirements, as shown in this table, are of a general

qualitative nature only and may vary with different plant varieties or

management practices. Water/soil fertility requirements and susceptibility

to waterloggino are expressed in relative terms such as high (H), medium (M)

and low (L).

Table 2 - Main ecological requirements of relevant crops 7 Mishamo Area

H: M: medium L: low

Water ' Soil fertility
requirements requirements

Ii

H
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In preparinE the table most of the data have been taken from a
number of publications on tropical crops, notably East African Crops

by Acland (1), Guide for Field Crops in the Tropics and the Subtropics

by Litzenberger (9), Manual for Land Suitability Classification for

Agriculture by Van der Kevie (17), and Crop Water Reduirements by

Dcorenbes and Pruit7(2).

3.2 LAND QUALITIES

A land quality is a complex attribute of land which acts in a

distinct manner in its influence on the suitability of land for a

specific kind of use. Exmnples are moisture availability, flooding

hazard, nutritive value of pastures, etc. Land qualities are combina-

tions of individual land characteristics which are attributes that can

be measured or estimated, such as rainfall, available water holding

capacity, texture, slope angle, etc. As land qualities cannot be

measured directly, they are usually rated in relative terms such as

good, poor etc., based on the measured land characteristics which

determine them.

The five land qualities that have been selected for assessing the

suitability of the land units established in the surveyed area are

moisture availability, soil fertility, drainage conditions in the

growing season, erosion hazards and capability for maintaining surface

water. These land qualities are believed to be relevant to the land

use alternatives under consideration.

Moisture availability

The moisture in the soil which is available to plants is determined

by two major factorst the water supply by rainfall and/or irrigation

and the available water-holding capacity of the soil.

The water supply under rainfed conditions is dependent on the total

amount of rainfall and potential evapotranspiration as well as on the

length of the rainy season. The available water-holding capacity is

determined by a number of soil characteristics such as texture,

structure, organic matter, soil depth and the amount of gravel and

stones in the profile.

Soil fertilit/

The appraisal of soil fertility is based on chemical data only.

It mainly refers to the presence of plant nutrients in the soil and

whether these nutrients are readily available to the plants. Main

parameters are nitrogen content, available phosphorus, exchangeable

potassium, cation exchange capacity, base saturation and soil reaction.



In the surveyed area, this land quality refers mainly to the

susceptibility of the soil to water erosion. The susceptibility depends

on a nwnbor of factors such as rainfall (total rainfall, intensity- and

frequency of showers); slope gradient and slope length; soil credibility,

which is the inherent susceptibility of the soil to detachment by rainfall

and transport by runoff; and the vegetative cover. The risk of soil

loss by wind erosion appears to be insignificant and is not considered at

present.

Capability for maintaining surface water

This land quality is used only for rating suitability for paddy ricel

which is a crop that grows well in waterlogged or shallowly flooded soils.

ThUs soils on Which surface water can be maintained are most favourable.

This capability depends oh soil drainage, permeability, infiltration

rate, texture, Slope, etcd

Rating of the land qualities
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Drainage conditions in growin season

Soil drainage refers to the rapidity and extent of the removal of

Water from the soil, in relation to additions from rainfall, surface

runoff and groundwater sceDage0

tlhe drainage-Condition-of a soil is estimated by the frequency and

dUration of the periods when the soil is saturated with water It is

also inferred froM soil Characteristics such as texture, structure,

colour; mottling, quality and quantity of organic matter as well as

topographical position and groundwater levels.

Erosion hazards

The rating of the land qualities in respect of the different land

units established during the survey is shown in Table 3. The methodology

and technical specifications used for this rating are given in Appendix

2 of the report.

Each land quality is rated as good, moderate, poor or very poor for

agriculture in general. The code numbers given to these ratings are

1, 2, 3 and 4 respectively. The ratings also reflect how severo a given

limitation is and to what extent it may restrict the use of the land.

For instance rating poor for erosion hazards indicates the presence of

severe erosion hazards, the need for adequate protection measures and/or

what kind of land uso may be safely selected.
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The assessment of the land qualities demonstrates that the

inherent low fertility of the soils and the severe riSk of soil erosion

of the sloping land are the main constraints for a sustained crop

production. In some land units moisture availability is en important

limiting factor as well.

1. The limitation of soil fertility is severe throughout the area:

which implies in general that good omp yields cannot be Sustained

without the use of fertilizer and/or manures. The low soil fertilitycan

1207 corrected with relative ease in most of the area.

Table 3 - Rating of land orualities per land unit Mishamo Lrea

Land unit Land quality

Fr 2 3 1 1 4

* Depending on soil texture (coarse textured soils get lower ratings)

and/or depth to groundwater table.

Mapping
unit

,oisture
availability

Soil
fertility

Drainage
conditions
in growing
season

Erosion
hazards

Capability for
maintaining surface
water

Pw a-3 3 1 3-4 4
pp 3 3 1 2-3 4
Pr 4 4 1 4

Pr/Ps 3-4 3-4 1 3. 4
Pm 2 3 4 1 4
E 4 3-4 1 4 4
Cuw 1-2* 3 1 3-4 4
Cuw (e) 1-2* 4 1 4 4
Cup 1 3 3-4 1 2

Clw 1-2* 3 1.-2 2 4
Clw (e) 1-2* 4 1 3 4

Clp 1 3 3-4 2 2

vw 4 2 1 1 4
Vp 2 2 4 1 2-4*
Po 1 3 4 1

Fa

,evees 2 2 1 4

backswamps 1 3 2 1 1
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However, in unit Ps, owing to the low capacity of the soil for retaining.

both water and nutrients and its high permeability, substantial losses of

fertilizer by leaching are to be expected. Dry spells, in some years, may

adversely affect the crops due to an increased concentration of salts in he

urmer soil layers. It is preferable, therefore, that chemical fertilizers

be introduced gradually in order to gain experience in their use

On the other hand the soil fertility may be maintained, or oven enhanced,

by a combination of management practices, such as crop rotations with a long

fallow period, cultivation of legwninous crops and application of farm

manures (if available) and crop residues. The feasibility of using human

wastes deserve study in the near future.

As discussed above the appraisal of soil fertility is based on available

analytical data only, not on controlled field trials. Therefore no detailed

reccomendations can be made at present. Also no information is available on

importantMicronutrients such as boron, copper, zinc or sulphur. A detailed

interpretation of available analytical data in relation to soil fertility- is

given in Appendix 4.

2. Since nearly all of the surveyed area is under a protective vegetativo

cover, little or no evidence of damage by erosion, such as rills, gullies

or truncated soils were observed during the sarvey, except in Units Cul.( e)

and Cl e). In the absence of severe damage, the susceptibility of the

soils to water erosion is the main factor which is taken into account for

the rating of the land quality "erosion hazards".

Owing to the high amount of rainfall the intensity of the rainstorms

prevailing in the area and the susceptibility of the soils to erosion, land

units E, Pw and Cuw,, and to a lesser extent unit Ps, may be damaged by water

erosion, especially if they are brought under intensivo cultivation. Te

avoid severe degradation, the steep escarpments of Unit E should be left

nnder vegetative cover. On the other hand, soil conservation moasures such

as strip farming, contour ridging, etc, would need to be adopted in units

Pw/ Cuw ana Ps. In this respect it should be noted that units Cu e) and

Clw(e) show severe damage by gully erosion, which appears te be the result

of inadequate farming practices in the past.

3. The moisture regime of the surveyed arca is characterized by a water

balance or even a small surplus in the rainy seasons whereas potential

uvapotranspiration largely exceeds rainfall in the dry season. The growing

soasen is seven to eight months long, but owing to the pronounced rainfall

TexiabilitY, there is the risk of dry spQlls in some years. 1-lenco the

moisture availability for crop production depends to a certain extent on

the capacity of the soils for storing water in the root zone. This

capacity is good to moderate throughout most of the area, but it is poor in

unit Ps and very poor in units Pr? E and Vw.
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Poor drainage Conditions is the growing season preclude the culti-

vation of urpland crops in units Pm, Cap, Clp, Vp, Fo and backswamps of

unit Fa. They imply no restriction in other arcas,

The soils of imite Fo, Clp, Cup, the backswamps of units Fa and a part

of unit Vp are considered to have Good to moderate capability for maintaining

surface water for rice cultivation. The remaining soils aro rated as very

poor in this respect.

LAND SUITABILITY CLASSIFICATION

The process of land suitability classification is the appraisal and

grouping of specific areas of land in terms of their suitability for

defined used. According to the terminology given in a Framework for Land

EValuation, FAO (6), the classification adopted for the surveyed area is

a "qualitative classification", in which the relative suitability of

different land units recognized and mapped during the survey are expressed

in qualitative terms only, without precise calculations of costs and

returns. It is also classed as "current suitability", which refers to

the suitability for a defined use of land in its present condition, or

with some minor improved management practices only. Major investments

on irrigation, land levelling, flood control, etc, appear to be unpractical

within the prevailing socioeconomic context of the area.

Four land suitability classes have been recognized. They aro described

below in sequence of decreasing degree of suitability.

Class Cl: Highly suitable land

Land having no significant limitations to sustained application of a

given use, or only minor limitations that will not significantly reduce

productivity or benefits and will not raise inputs above an acceptable

level.

Class S2: Moderately suitable land

Land having limitations which in aggregate are moderately severe for

sustained application of a given use; the limitations will reduce produc-

tivity or benefits and increase required inputs to the extent that the

averall advantage to be gained from the use, although still attractive,

will be appreciably inferior to that on Class Si land.

Class 53: Marginally suitable land

Lea-id having limitations which in aggregate are severe for sustained

application of a given uso and will reduce productivity or benefits, or

increase required inputs, that this expenditure will be only marginally

justified.



Land having limitations which appuar so severe as to preclude 'any

possibility. of succussful sustained use of the land in the given manner;

or the liMitations maz-be surmountable in time but cannot be corrected

with existing knowledge at currently acceptable costo

3.4 LOD SUITABILITY CLASSIFICATION OF MISHAMO ARES,

The different land units recognized during. the survey of the area

and shown on the soils map are rated in terms of land suitability classes/

in respect of relevant land use alternatives. Moro specifically the

rating involves thc confrontation of the physical crop requirements

(Table 2.) with the land qualities (Table 3.), in order to give a

prediction of crop performance.

In correlating these factors, it may be noted that a severe or very

severe limitation for agricultare in general, as indicated by rating poor

or very poor of a specific land quality, will yet not cause a limitation

for every one of the land use alternatives under consideration. Examples

are poor drainage and severe riSk of soil erosion. Poor drainage i2 a

severe limitation in the case of rainfed upland crops, but not for rice

cultivation. Strongay sloping land may be largely destroyed by gully

erosion if cultivated with maize, yet this condition is no-l; severely

limiting for tree crops which give a good protection to the land. Thus

in assessing the suitability for the different land use alternativos,

different weight is given te the rating of these land qualities.

The land suitability classification of tho land units recognized

in the surveyed area are given in Table 4. From this rating it follows

that:

.1. Units Pw, Cuw, Clw and Fr are considered as highly suitable for

sorghwn, sweet potatoes and woodland; moderately suitable for maize,

beans, cassava, groundnuts and tobacco; and not suitable for paddy rice;

Unit Ps is moderately suitable for woodland and droughtresitant

crops such as cassava, sorghum, groundnuts and sweet potatoes; marginally

suitable for maize, beans and tobacco; and. not suitable for paddy rice;

Depending on the soil depth to hard rock, unit Pr/Ps is moderately

or marginally suitable for woodland; moderately or not suitable for

cassava: sorghum, groundnuts and sweet potatoes; and not suitable for

paddy rice;

Units Cup, Cip, Fo and the backswamp soils of unit Fa are rated

as highly or moderately suitable for paddy- rice; and no-l; suitable for

mes-l; upland crops and woodland. Simple flood control measures, such as
embankments, are required in units Fo and Fa. Depending on soil texture

and/or depth, some areas of unit Vp may be also considered as moderately

suitable for rice uultivation. However, these areas need yet to be

identified and mapped
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Class N: Not suitable land



Sweet Potato Tobacco

Rainfed upland crops
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Woodland

51 52 N S

52 53 N SP

N N 53
N-62* YS3* N S3S2*
Y N N N

N N NS3*
SI S2 Y Si
53 N N S2

S3 N S2 N

51 S2 N 51

33 N N 62

S3 N S2 N

E N S3

N N-52* N

Y N S1+ U

53 N N 53
S3 N 61+ N

S1 52 N Si

Mapping
unit

Area
so .kra

Maize Boans Cassava Sorghum Groundnuts

Pw 354 02 52 S2 51 52

Ps S3 S3 S2 S2 S2

Rr 225 .-N E N N N

Pr/Po 19 N-53* 1T-03* ES2* NS2* 1TS2*

Pm 7 N N N N N

E 101 N N Y N N

Cuw 90 E2 32 62 51 S2

Cuw(e) 2 N Y 53 N Y

Cup 3 V N N 53 N

clw 155 $2 S2 52 51 S2

ciw( e) 1 .11r. N 53 N N

Clp 24 N N N S3 N

vw 75
-,7 N N N N

Vp 22 N N r N N

Fo 22 N Y N N E

Fa 8 (levee) N N 53 S3 53

(baCkswamps) N N N N N

Fr 10 52 62 52 S1 S2

Total area: 13000 Sq.km. * Depending on soil depth and/or texture

Assuming simple flood control measures

Table Land suitability classifica-Gion per land unit, Mishamo .Area

Land unit
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Units Pr, Vw, El Pm and the levee soils of unit Fa are not

suitable for most upland crops ana paddy rice; and either marginally or

not suitable for woodland.

Units Cuw(e) and Clw(e) are considered as moderately suitable

Por woodland; and not suitable for most upland crops ana paddy rice.

3.5 RECOICEdIDI,TIONS

The main conStraints for a sustained crop production in the surveyed

area are the low natural fertility of the soils and the severo risk of

soil erosion on the steep and sloping areas. Unless improved management

practices are adopted, these hazards may lead to poor yields as well as

to severe degradation of the land resources. In this context the

following recommendations are made:

Crop rotations

Crop rotations having a short period of cultivation followed by a long

period of fallow are recommended for the arca as a whole, in particular

for mapping unit Ps whore san r soils predominate.

Owing to porsulation pressure, it might be necessary to shorten the

fallow period in the near ftture, In thb respect it should be noted

that the soils of mapping. unit Po are not very suitable for this purpose

in view of their low capacity to retain plant nutrients. It is also

suggested that leguminous crops be introduced in -L-he rotations, especially

when fallow periods are kept short. Contious cropping could also be

practised on units Pw, C'uw, Clw and Fr, but this would certainly require

improved management practices, including heavy application of fertilizer

and/or manure.

Controlled fertilizer use

The limitation of soil fertility is severe throughout the area,

which implies that chemical fertilizers and/or manures are required in

order to obtain good crop yields. In the units that are recommended

for upland crops and rioe cultivation, namely Cuw, Fr, Cup, Clp,

Fo and the backswamp soils of unit Fa, tho soils are expected to respond

well. In contrast substantial losses of fertilizer by deep percolation

may occur in unit Po. It is preferT.Iblo, therefore, that chemical

fertilizers be gradually introduced so as to gain experience in their

uso. As far as pessiblo,: , this should be supported by controlled field

trials.
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For the immediate futuro, it is suggested that preference be given to

'natural' methods of restoring soil fortility, such as crop rotations with

en adequate fallow period, cultivation of leouminous crops, utilization of

crop residues, and application of farm manures here possible. The

feasibility of using human wastes deserves study as well.

Control of soil erosion

Waterways and sloping Boils of mapping imite Pw and Cuw can be severely

damaged by erosion, whereas in the other imito the risk is light or insigni-

ficant. Suggested soil conservation measures for the endangered areas include

contour cultivation, tiedridging, cover crops and mixed cropping, mulching

and minimum tilingo. They '.-)an be used. singly or in varying combinations

according to the severity o2 the problem. Unit E should be kept under

vegetative cover mainly becuse of the steep slones. This implies that

cutting of woody species for firewood or charcoal is to bc controlled.

Waterways should be protected by grass or bush cover.

4. Settlement sud sustenance of refuTees0

Mapping units Pw, Guw, Clw and Fr are suitable for a sustained production

of a wide range of upland crops and should. be preferred for the settlement and

sustenance of refugees. These units cover a total area of 609 sciOan, which

represent 54 percent of the surveyed. atea.

The remaining land is not recommended for settling refugees, but it may

be utilized for their sustenance or for other purposes. Units Gup, Clp, Fo

and the backswunps of unit Fa, covering about 60 sq.km. are moderately to

highly suitable for paddy rce. It may be noted that simple flood control

measure are needed in the case of units Fo and Fa. Some areas of unit VD,

which covers 22 sq.km. are also moderately suited for rice cultivation, but

they need yet to be identified and mapped in detail. Although unit Po is not

suited for intensivo farming, it may be used for growing crops sucia as

sorghum, cassava, groundnuts and tobacco, preferably in rotation with long

fallow periods. Alternatively this unit could be used for controlled produc-

tion of firewood osad charcoal, or for deeprooted fruit trees, such as

mangare. Units Pr sud Vw can provide construction materials End, to some

extent, firewood and charcoal.

According to a UNHCR viability report (13), about 6,000 families

(30,000 persons) are to be moved to the proposed refugee settlement in the

surveyed area. Not lees than 10 ha of agricultural land are to be allocated

tc each family. As per ", survey findings, the total area of land suitable

for agricultural crops would be large enough for the purpose. However, since

the said report also calls for an expansion of about 30 percent in the near

future, additional land needs to be identified outside the surveyed area.



SOIL SURVEY METHODS

The soil survey of Mishamo Area was carried out on the basis of

field observations together with interpretation of topographic maps

and serial photographs. The field woi-k;ww supported by laboratory

analysis of representative soils. The survey methods comprised a

sequence of main operations which can be grouped as Pre-Survey; Field

Work; Soil Correlation and Map Compilation; and Soil Analysis.

Following a visit to the area, arrangements were made for the

construction of a preliminary network of bushtra4t and bridges. Also

relevant information on geology, climate, natural vegetation, as well

as available base maps were compiled. The base maps included topogra-

phic maps at a scale of 1:50,000 and oerial photographs taken in or

about 1960 at a scale of 1:50,000.

Both the topographic maps andi'dbrial photographs were studied and

interpreted. A preliminary physiographic map and maps showing slope

gradients osad elevations were then prepared at a scale of:1:50,000.

A1.1 FIELD WORK

A preliminary field reconnaissance of the soils and landforms was

made along bushtrc.,OWselected to cross the physiographic units

previously established. Preliminary physiographic and soil legends were

thus prepared. Also the layout of the bushtracks was amended and

improved as required. On this basis the systematic soil surveying of

the area was undertaken. The field work was carried between mid-May

and. August 1978.

The traverses, along and from the bushtracks, were covered on foot

and the soil observations were by spade and auger. 14,*r soils were

described in detail from special pits and sanples were taken for

laboratory analysis and soil Correlation. Notes on natural vegetation,

relief, erosion and drainage characteristics were also taken. As field

work progressed, the physiographic and soil legends as well as the

traverse layout wore amended from time to time as required. Soil

mapping was progrosively updated too.

More than 200 soil observations were made and 25 soil profiles

were sanpld The soils wore described using te standard method of

the USDA Soil Survey Manual (14), together with the FAO Guidelines for

Soil Description (7), Special boxes made of uLlvanised iron sheeting

were used for soil correlation.
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A1.2 SOIL CORRELATION AND MAP COMPILATION

After completion of the field work, a final correlation of the soils

recognized in the area was carried out. Available field and analytical

data were used for the purpose. The soils were classified in terms of

both the FAO/UNESCO Legend-of the Soil Map of tile World (8) and USDA

Soil Taxonomy (15). Final physiographic and soil legends were then

prepared.

Following a detailed review of the mapping units established in the

field, the mapping unit boundaries were tronsferred from the aoial
photographs to the base maps by means of a sketch*,:stov.

SOIL ANALYSIS

The soil samples wore analysed in the Central Soils Laborato r of

the 1.,gricultural Research Institute, Miligano, using internationally

accepted methods.

Partical size distribution was estimated by the Bouyouoos hydrometer

method using Calgw as the dispersing agent.

Soil pH was measured in water and 0.01 M calcium chloride

suspensions using a ID meter with glass and reference electrodes. A

soil solution ratio of 1:2.5 was used.

Walkley and Black!s chromic acid oxidation method was used in

determining organic carbon. Nitrogen was estimated by the semimicro

Kjeldahl method.

Available phospoaas was extracted with 0.03 M ammonium chloride

in 0.025 M hydrochloric acid Bray and Kurtz No.1 solution) and

estimated colorbrically.

Electrical conductivity was measured in 1:5 soil: water extracte

with an Electronic Swithgear conductivity bridge.

Exchangeable cations were extracted with neutral, 1 molar ammonium

acetate solution. Sodium and Potassium were determined flamephoto-

metrically. Calcium and Magnesium were estimated complexomotrically

by titration with EDTA. Exchango acidity was determined by the barium

chloride triethaalEmine buffer method. Cation cachando capacity was

estimated by the summation of the exchangeable cations.

Page 27



METHODS FOR THE RATING OF LAND WALITIES

A2.1 GENERAL

The basic concepts and practical aspects of the lana suitability

classification for agriculture as applied to Mishamo Area are discussed

in Chapter.5 of this report (Land Evaluation). In this Appendix the

emphasis is on tho technical oriteria for the rating of those lsnd

qualities selected for assessing the land suitability classification of

the area.

A land quality is a complex attribute of land which acts in a

distinct manner in its influence on the suitability of land for a specific

kind of use. Examples are moisture availability, flooding hazard,

nutritive value of pastures, etc. Land qualities are combinations of

individual land characteristics which are attributes that can be meczured

or estimated such as rainfall, available water holding capacity, texture,

slope angle, etc. As land qualities cannot be measured directly, they are

usually rated in relative terms such as good, poor, etc0 based on the

measured land characteristics which determine them.

The suitability of a tract of land is determined by a munber of land

qualities. Five of them have been selected for assessing the suitability,

of the land units recognized in the Settlement, namely moisture availabi-

lity,scil fertility, drainage conditions in the growing season, erosion

hazards, and capability for maintaining surface water.

Each land quality is rated as good, moderate, poor or very poor for

agriculture in general. The code numbers given to these ratings aro 19

2, 3 and 4 respectively.

For each land unit ratings are given to the land qualities, bL7,sed

on different ranges of the individual land characteristics, which in

combination determine the land quality.

In rating the land qualities, the methodology recently developed in

Sudan by Van der Kevie, (Manual for Land Suitability Classification for

Agriculture) has been followed (17). The basiC data for Tables 5, 6, 8,

10, 12 ma 14 have been takon from thishanual.

Owing to the limited information available for the surveyed area,

some of the ratings are defined in a general qualitative way only, not

in cruantitative terms, Also a number of assumptions are made.
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A22 MOISTURE AVAILABILITY

The moisture in the soil which is available to plan-te iF; de-terminad

by tWómajor factors: the water supply by rainfall and/or irrigation, end

the quantity of water the soil can store. In the case of the surveyed

arca, water supply by irr3gation is not considered at present.

The water supply under miffed conditions is dependent on the total

amount of rainfall, the potential evapotranspiration and length of the

rainy season. By corrclaiing. these data with crop growth, a number of

cliMate zones were recOgnized in Sudan by Van ciar Kevic (17). Theso

zones arc supposed to be significant for the production of agricultural

crops. They are basad primarily on the water balance, using monthly

rainfall and potential evapotranspiration data.

The climate regime of Mishamo Area resembles that of cliMate zone

M3 in Sudan: Ugt;Monseen Climate with Medium Wet- Season. This regime is

characterised in havina a water surplus in the rainy season of more than

20 percent of the annual potential evapotranspiration. The growing season

is 7 to 9 months, and the average annual rainfall is between 950 mm and

1400. The mean maximum temperature of the 4?,ç?tests month ron-es from

34°C to 39°C, and the mean minimum temperature of the coldest month from

12oC to 20oC. The climatic data for Mishamo Area fall_ within these

limits, but temperatures are somewhat lower than in zone H3 of

Sudan.

The quantity of water csvailable for plant growth that time soil can

retain for a significant period is expressed as available water holding

capacity (P4WC). It can be estimated by determining the moisture content

of samples taken at different depths, at field capacity (1/3 bar section)

and permanent wilting point (15 bar section). If these measurements are

not available, the AWC can estimated from a number of soil characteristics,

such as texture, structure, organic matter content, depth and amount of

gravells and stones in the profile.

The estimation of AMC as well as the rating. and assessment of moisture

availability are given in Tables 5, 6 and 7. In these tables, duo.

consideration is given to tho marked .differences in texture. beteen the

topsoil and subsoil as well as to the wide rango in depth of the soils

of Mishamo Arca. It may be also notad that the climate regime

1113 of Sudan lis assumod for the cerca .



A203 SOIL FERTILITY

This land quality refers mainly to the presence of plan-L- nutriunts

in the soil and whether these nutrients are readily available to tho

plants. At present the appraisal of soil fertility is based on chemical

data only major parameters being nitrogen ccid. organic matter content,

available phosphorus, exchangeable potassium, cation exchange capacity,

baso saturation and soil reaction. AlthouLh the presence of micronu-

trients such as boron, copper, zinc or sulphur are important fcr -olant

growth, no information is available for surveyed arca. They are not

considered in the rating, therefore.

The rating of this land quality is given in Table 8. Tho soil

fertility status of the soils of the aroa is assessed in Table 9. It

may be noted that available information for an accurate assessment of

the phosphorus is not adequate enough, However, the phosphorus content

of the soils of the surveyed area,as determined in the laboratory by tho

method of Bnyr said Kurt;, may be considered as low or very low. Contents

range from 1 to 5 pm.

For furthur details OD analytical data, Appendix 4 of the report

should be referred to.

A2.4 ER_AINAGE CONDITIOVS IN THE GROWING SEASON

The drainage condition of a soil is estimated by the frequency and

duration of the period when the soil is saturated with water. These

conditions are soldom accurately measured, but can be inferred from soil

characteristics, such as texture, colour, mottling, quantity and hindi of

organic mattur, and groundwater levels. Length Gnd frequency of puriods

with standing water above the soil surface need also to be estimated.

Since no information is available on ponding hazards, the assessment

of this land characteristic for the surveyed area is based on assumptions

only The rating of drainage conditions in the growing season is given

in Tabla 10. The ratings for the land units recognized in the area are

shown in Table 11.

A2.5 EROSION HAZARDS

As used here, this land cruality refers to the suceptibility of the

soils of Mishomo Area to water erosion only The risk of soil loss by

the action of wind is not considered at present.

Pao: 30
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Since the area is under a protective cover of woodlmd and grasses,

the land shown little or no signs of 1)ast water erosion, such as rills

and gullies or truncated soils. Accelerated erosion has taken place in

some small areas of the eelluvial footslopes only, where farmer settlers

cleared the woodland for cultivation. Hence the susceptibility- of the

soils to water erosion is the main factor taken into account for the

assessment of erosion hazards in the surveyed area. This susceptibility

is inferred from rainfall data, slope gradient and slope length, end

soil e.X'Odibility which is the inherent susceptibility of the soil to

detachment and transport of soil particles by rainfall and runoff.

Owing to the liMited information available at present, the potential

soil losses due to sheet and rill erosion cannot be predicted by the

Universal SoilLoss Ecruation. Instead the susceptibility to soil erosion

is estimated by correlating climatic data, slope characteristics and

soil erodibility as applied by Van der Kovie in Sudan (17). Table 12

refers. Soil :credibility has been estimated according to the methodo-

logy devised by Erickson (5,16), See Figures 1 and 2. The final

rating of both susceptibility to erosion and erosion hazards of the

land units recognized in Mishamo area are. given in Table 13.

Soil erodibility is rather difficult to measure quantitatively

because of the many variables involved, not only when the soil is in it

natural state, but particularly after it has been subjected to the

influence of man. There are however soil properties which in combina.-

tion affect erodibility, such as the physical quality of texture and

structure, the chemical composition, the extent of weathering and the

content of orunic matter.

The soil erodibility factor (K) reflects the influence of a number

of soil characteristics, namely texture of the surface soil (particularly

percentage silt and very fino sand, fraction 0.002-0.10 mm), orgnnic

matter content, soil permeability and content of coarse fraonents. The

X factor is estimated by using the Textural Triangle Ecmcgraph for Soil

Eredibility (Figure 1) which is designed for soils that do not contain

coarse framents and have a normal range of 5 to 15 percent very fine

sand (0.05-0.10 mm), a permeability which is normal for the texture

class, and an organic matter content of 2 percent. If soil

characteristics deviete from this, adjustments should be made as out-

lined in the Nomograph. A soil may be considered compact if its bulk

density is 1.5, in loamy or finer textured soils; and if bulk density

1.7 in soils more sandy than loen. The same correo-bien of the K value

(0.3) should be madc if soils are shallow (rock or hard pon within

50 cm from the surface
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TEXTURAL TRIANGLE NOMOGRAPH FOR SOIL ERODIBILITY

Taken from Erickson

'I?
\
\.r0

AMINAMINI
80./

\ 0

ESTIMATING "K" VALUE CLASS FROM TEXTURE
(PERCENT SILT, CL AY & SAND)

2V. Organic matter & structure other than granular.

1. For soils with high content ot very fine sand
(>15V.) and tex ture

Coarser than loam: Subtract 6V, from the V. vfs and add
the difference to the silt content.

Loam & finer: Subtract 10V. from theV, vfs and add
the difference to the silt content.

Erodibility Group

"K" Value
>,40 - High

,20 -,40 - Moderate
<,20 - Low

100

5S

2. Corrections
a. Structure:

very fine granular - 09
fine granular - ,06
moderate or coarse granular- ,03

c. Rock Fragments (by Volume)

Rock Fragment Content - (Percent)
0-20 20 - 35 35-50 50 -70
.10 .10 .10 .10

.15 .15 .10 .10

.17 .15 .10 10

.20 .17 15 .10

.24 .20 .17 .15

.28 .24 .20 .17

.32 .28 .24 .20

.37 .32 .28 24
43 .37 .32 28

.49 .43 .37 32
.55 .49 .43 .37
.64 .55 49 43

d Permeability

Compact soil or
PH> 9.0 +.03

Many medium
or coarse pores - .03

> ,40 j +.14 +07 O. -.07 -.14
,20 -,40 +.10 +.05 0 -.05 - .10
< .20 I +.06 +.03 0. -.03 -.06

b. Organic Matter:
Percent 0 . M .

"K" Value I 0 1 2 3 4



Figure 2 DIAGRAM FOR ESTIMATING PERCENT OF FINE FRAC TION PASSING # 200 SIEVE
( O. 74 mm

Source:
Taken from Erick sor

100

Procedure:
Go vertical from */o clay on abscissa to appropriate texture class line , then go horizontal to ordinate
to find estimate of percent of fine fraction passing # 200 sieve.
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The content of very fine sand (0.05-0.10 mm), which is

usually not determined in the laboratory, can be estimated as

follows :

Estimate percentage of fine fraction (s". 0.74 mm), by using

the aiagram given in figure 2, and

Estimate percentage of very fine sand by using the formula

very fine sand f x (% 0.74 mm fraction S clay) % silt

in which clay is fraction< 0.002 mm and silt fraction 0.002.,0.005

mm, and f is a factor which varies with the textural class.

f 1.0 for clay (0, silty clay (SIC) and silty clay loam(SICL)

1.1 for clay loan (CL), loam (L) and silt loan (SIL)

1,2 for fine sandy loam (FSL) and sandy loam (SL)

1035 for sandy clay loam (SCL)

1.5 for loamy sand (LS)

1,75 for sandy clay (SC), sand (S) aud fine send

A206 nPABILITY FOR MAINTAINIrC SURFACE WATER

This land quality i., rated only in the case of suitability

classification for paddy rice, which is a crop that needs to be grown

in waterlogged or shallowly flooded soils. Thus soils on which

surface water can be maintained are most favourable. Soils, there-

fore, should have imperfect to poor drainage or have slow permeabi-

lity and infiltration rate.

If soil textures are favourable, a low permeability can be

accomplished by puddling. Fields should be level, with little micro

relief which may cause surface runoff or uneven distribution of

surface water.

The ratings for this land quality are given in Tables 14 and 15.



n.a. - not available in surveyed orea,

Table 6 - Rating of moisture availability

Pago 33

Table 5 - Estimation of AEC in cm

Texture of
the subsoil

Texture of the topsoi1,0-30 cm
-

loam, sandy
clay loan and

30-120 cm 6and loamy ndy loam finer

Sand 4.- 8 n.a nda n.a

loamy sand 7-11 8-12 n.a. n0a

sandy loam

loan, sandy
clay loam &
finer

10-14

13-14

11.-15

14-15

12-16

15-16

n.a

> 16

Estimated,W0
in upper 126

Climate '

regime
Rating--

Soil depth ' Soil depth Soil depth
>120 cm 50-120 cm. < 50 cm

16 cm M3 1 2 3

12-16 cm m 3 2 3 4

B-12 cm M3 3 4 4

4,- 8 Cm M3 3 4 4



* These units occur in water-recciving areas
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Table 7 - Rating of moisture ccvailability por land unit - Mishamo ¿rea

Lmd Unit
Climatic

regime

_

Estimated OC
in upper 120 -

cm

Soil

depth

Rating of land (-Juan-
ty

Pw M 3 8-16 cm :;120 cm 2-3

Ps M 3 4- 8 cm >120 cm 3

Pr M 3 8,-16 cm <50 cm 4

Pr/Ps M 3 - 3-4

Pm* M 3 4- 8 cm )120 cm 2

E M3 B-16 cm < 50 cm 4

Cuw M 3 10-16 cm )120 cm 1-2

Cuw(e) M 3 10-16 cm >120 cm 1-2

Cupe M 3 10-16 cm )120 cm 1

Clw M 3 10-16 cm )120 cm $-2
1

Cl e) M 3 10-16 cm >120 cm $-2 1

Clp*

Vw

4 3

M 3

10-16 cm

11-16 cm

T120 cm

<50 cm

,

1

4

Vp*

M 3

4-16 cm -<, 50 cm 3

Fo* M 3 ) 16 cm )120 cm 1

Fa( Levee ) M 3 4-12 cm .1120 cm 2

,.;1),.,

backswamp * M 3 316 cm 120 cm 1

Pr M 3 126 1 cm_ )120 cm 2



Rating P
H20 % C

Land characteristic

% N mes/100 g soil

Base

Satura-,

tion

Notes: Values are weighted averages for the upper 0-30 cm of soil

* Assumed values. Analytical data are not available.
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Table 3 - Rating of soil fertility

Table Rating of soil fer ility per land unit - Mishamo Area

Land characteristic

Land unit
pH H20 %N P CEO

me/100g
Exch. K
me/100g

Base
Saturation

Rating

Pw 5.0-600 .75-2.25 .05-015 low ) 20 < .1 10-40 3

Ps 500-600 015- 075 .01-005 low 3-10 < 01 106-40 3

Pr 5.0-6.0 015-.75 001-005 low 3-10 < .1 10-40 3

Pr/Ps 5.0-600 .75-2025 .05-.15 low 3-10 , 401 10-40 3

Pm* 5.0-600 .75-2025 005-.15 low 10-20 .1-.2 10-40 3

m 500600 .75-2.25 .05-015 low 3-10 01-02 3

Guw 5,0-600 075-2425 005-015 low 3-10 .1-02 40-70

701::
3

Cuw(e)* 5.0-600 .15- .75 .05-.15 low 3-10 01-02 4

Cup 4.5-500 > 2025 '? 015 low ) 20 02-04 10-40 3

Clw 500-600 .75-2025 005-.15 low 10-20 .1-02 3

0-Clw(o)* 506,0 015,- 075 005-015 low 3-10 01-02 :700 4

Clp 500-600 .75-2025 005-015 low 10.-20 40-70 3

0-VW 506.0 .75-2.25 > 015 low 10-20

01;:

40-70 2

Vp* 5.0-6.0 .75-2025 ) 015 low 10-20 2

Po* 4.5-5,0 > 2,25 '') .15 low ', 20 02-04 4:0:7:0 3

Fa(levee) 500-600 .75-2025 .05-015 low 3-10 *1-.2 40-70 3

Fa
(backswamp)405-6.0 ) 2025 ::, .15 low >20 02.-04 10-40 3

P:r 5.0-6.0 .75-2.25 005-015 low 3-10 01.-02 40-70 3

CEO x7---

1 > 2.25 :0.15 high "Ì20 > 70%

2 5.0-6.0 0.75-2.25 0005-0.15 moderate 10-20 0.2-0.4 40-7G/j

3 4.5-5,0 0.15-0,75 0.01-0.05 low 3-10 001-0.2 10-40
4 <4.5 <0,15 < 3.01 very low Ç3 <0.1 < 101f,



Table 11 - Rating of drainage conditions in growing. season per land unit,
Mishamo Area
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Table 10 - Rating of drainage condi ons in growing season

Rating

and characteristic
,

Soil drainage
Ponding hazard, freQuency

Every Every Every
1-2 years 3-5 years ,-10 years

1 (Toed to excessiveb none nono 2 weeks

2 moderately good none '2 weeks-, 2-6 weeks

3 imperfect <2 weeks 2-6 weeks 6-10 weeks

4 poor to very poor 2-6 weeks 6-10 weeks >10 weeks

Land Characteristic
I

Land Unit Soil drainage Ponding hazard, frequency Rating

Every Every Every
12 years 2-6 years ' 6-10 years

Pw Good none none none 1

Po Excessive none none none 1

Pr Good none none none 1

Pr/Ps Good to excessive none none none 1

Pm Poor 2-6 weeks 6-10 weeks 10 weeks 4

E Excessive none none none 1

Cuw Good none nono none 1

Cuw(e) Good none nono none 1

Cup Imperfect to poor 2-6 we s 6-10 weeks 110 weeks 3-4
Clw Good to imperfect none -2 weeks 2-6 weeks 1-2

Clw(e) Good none none none 1

Clp Imperfect to poor 2-6 weeks 6-10 weeks 10 weeks 3-4
VW Good none none none 1

Fo Poor 2-6 weeks 6-10 weeks ;10 weeks 4

Fa levee Moderately good none :'2 weeks 2-6 weeks 2

Fa swamp Poor 2-6 weeks 6-10 weeks ,-,10 weeks 4

Fr Good none none none i
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Tablo 12 Ra ing of susceptibility to soil erosion of an unprotected soil

* s in the case of the land quality Moisture Availability tho climatic conditions
of Zone M 3 of Sudan haVe been assumed for the surveyed area.

Table 13 - Rating of susceptibility to soil erosion and erosion hazards por land
unit - Mishamo Arca

* As units Fo and Fa are subject to deposition rather than erosion, the K factor

has not been estimated..

Climz-,te zone*
Slope

'
porCent

Susceptibility to soil erosion

Low ergdibility
factors (4.20)

Moderate ciodibilit
factor (K02C6-.40)

_____-
High erOdibility
factor (I.40)

TA 3

M 3

M 3

14 3

0-1

1-3

3-8

>8

insignificant

slight

moderate

severe

slight

moderato

severe

severo

moderate

severo

severe

severe

Land Unit Slope
percent

E;o_libility

factor (K)
SUsceptibility to

erosion
'Rating of erosion

hazards

1 2-8 moderate moderato to severe 3-4

Ps 2-8 low slight to moderate 2-3

Pr 2-8 low sli&at to moderate 2-3

Pr/Pm 2-8 low slight to moderate 2-3

Pm 0-2 low insignificant to slight 1-2

E 8 moderate severe 4

Cuw 2-8 moderate moderate to severe 3_4

Cuw( e) 2-8 moderate moderate to severo 4

Cup 2-3 moderate moderate 3

Clw 1.2 moderate slight 2

Clw(c) 1-2 moderate slight 3-4

Clp 1-2 moderate slight 2

Vw 0--1 'low insignifieant 1

Vp 0-1 low insignificant 1

Fo 0-1 low insignificant 1

F ,levee) 0-1 low insignificant 1

Fa(backswamp) 0-1 low insignificant 1

Fr 0-1 'moderate slight 2



Microrelief is expressed as the average differences in height between
low and high spots withih 50 m distance. No major improvement by
levelling is considered.

Table 15 - Rating of capability for maintaining aurface water per land unit
Mishamo Arca
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Table 14 - Rating of capability for maintaining surface water
-

:Rating

Land Characteristic

Slope % Microrolief
cm*

Drainage class
.

! Texture of surfacc
and subsurface
horizon

1 4.005 0-5 imperfectly to
poorly drained

clay, silty clay,
sand clay, clay
loam, silty clay
lo am

2 ( 2 5-10 imperfectly to
poorly drained

same as above phs
sandy clay loam

3 .3 10-20 moderately well
drained

same as above
plus loen and
sandy loan

3 <3 * 20 excessively to
well drained

clay to sand

Land Uhit

,

Land Characteristic
'Rating

Slope Microrelief
cm

Drainage class Texture of surface
and subsurface

Pw 2-8 20 well drained sand to sandy loan 4

Ps 2.-8 > 20 somewhat excessi- sand 4
vely drained

Pr 2-8 '' 20, well drained sand to sandy loen 4

Pr/Ps 2-8 > 20 well drained sand to sandy loam 4

E 8 20 somewhat excessi-
vcly drained

sand to sandy loan 4

Cuw 2-8 >20 well drained sand to loam 4
Cuw(e) 2-8 2. 20 well drained sand to loan 4

Cup 2 5-10 imperfectly and
poorly drained

sand loen to sandy
clay loam

2

Clw 1-2 > 20 imperfectly to
well drained

sand to loamy sand 4

Clw(e) 1-2 > 20 well drained sand te loamy sand 4
Clh 1-2 5-10 imperfectly to

poorly drained
sandy loam to sandy
clay lomo

2

Vw 0-1 10-20 well drained gravelly sand loen
to sandy clay loam

4

Vp 0-1 5-10 poorly drained sand to sandy clay 2-4

Fo 0-1 0-5 poorly drained clay loan and clay 1

Fa levee 0-1 ) 20 moderately well sand to sandy loam 4
Fa swamp 0-1 0-5 poorly drained clay loen and clay 1

Fr 0-1 /s, 20 well drained loamy sand -te sandy

loam



DESCRIPTION OF THE SOILS AND ANALYTICAL DATA

Technical descriptions and available analytical data for the soils recoo-

nizod in each mapping unit aro given below. The sOils aro described in the

sarna order in which they are shown in the legend of tho soils map and in

' ,C.1.11.q.vtop 1 (Soils) of the report. Each soil is classified in terms of both the

Legend of the FAO/UNESCO Soilidap of the Morid (8) and the USDA Soil Taxonomy

(15). In describing the soils the nomenclature of the USDA Soil Survey Manual

(14) and the FAO Guidelines for Soil Profile Description (7) have boen followed.

Colour notation is according to the Munson Colour Charts (10).

A3.1 SOILS OF THE PLATEAUX

MAPPING UNIT Pw

This unit includes a number of well drained, deep, predominantly brownish

soils of variable textures, occuring in a complex pattern. They are classified

as Dystric Cambisols in the FAO Legend and Ustic Dystropepts in the USDA Soil

Tnxonomy. Major soils are as follows:-

( i) Dark brown to very dark greyish brown sand to loamy sand A horizon

overlying a strong brown to yellowish brown sandy loam or sandy clay loam,

rarely sandy clay/ 73 horizon.

( i) As above, but sandy. loam A horizon over a sandy clay loom B horizon.

(iii) As WI but yellowishred upper B horizon. It occupies lose than

15% of the area.

(i) Typical profile 132/2/192

Location: grid TJ 130 796

Date of examination: 26/7/1978. Authors: E. Boman° J. Hof

Landform: undulating plateau

Site: almost flat, P;slope

Microrelief: scattered termite mounds

Eleva-bien: 1,470 m

Parent material: weathered shale

Moisture condition: moist below 80 cm

Groundwater: none. Drainage class: well drained

Rock outcrops/surface stones: nene. Erosion/deposition: none

A 0-15 Very dark brown (10YR2/2) moist and very dark greyish brown
cm

(10YR3/2) dry; loamy sand; moderate weak crumb; very friable

moist, nonsticky, nomiastio wet; mony fine interstitial poros;

many fino roots; clear smooth boundary.

Bwl 15-75 Yellowish brown (10YR5/4) moist and light yellowish brOwn
cm

(10YR6/4) dry; sandy clay loam, moderate fine and medium subangular
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APPENDIX 3

blockyt friable moistt slightly sticky, slightly plastic wet;

many fine tubular pores; many fine roots; gradual smooth boundary.



Soil analytical data

Sample

11.6523

24

25

DePth
(cm)

%

2.51

0.39

0.29

Particle size distribution
Sand Silt Clay

50-20 m 20-2 m

0-15 85 2

15-75 65 5

75-185 64 4

CaC12

4.2

4.0

5.1

Text Silt/
class clay

q/37
0.35
0023

Pago 40

(ii) Typical profile 133/1/161

Location : grid TJ 280 814, 300m from Magunga CM camp, 150 m west of road to

Uvinza.

Date of axamination: 14 July 1978 - Authors: E. Moshal A. Kiwelu, L,Pagaa

Landform: undulating plateau

Site: gently sloping, 2% slope

Microrelicf: scattered termite mounds

Elevation: 1,470 m

Parent material: weathered shale

Moisture condition: moist below 39 cm

Groundwater; none. Drainage class; Well drained

Rock outcrops/surface stones: none. Erosion/deposition: none

Au 1 0-3/5 Very dark greyish brown (10YR3/2) moist end dark greyish
crû

brown (10YR4/2) dry; sandy loam; weak fine and medium

subangular blocky; soft dry, friable moist, nonsticky,

nonplastic wet; many fine and medium tubular pores; many

very fine and fine roots; few charcoal fragments; clear

wavy boundary.

N c/N
H20 11

0.09 23 5.3

0.02 19 5.2

0.13 2 5.8

Bw2 75-185 Yellowish brown (10YR5/4) moist and pale brown (10YR6/3)
cm

dry; sandy clay loam; weak medium subangular blocky;

friable moist, slightly sticky, slightly plastic wet;

many fine tubular pores; common fino roots.

2 11 Ls

4 26 SOL

3 27 SCL



Depth
Sample ( cm)

Particle size distribution.
Sand Silt

50-20 m 206-2 m Clay

H20 Gael2 Sum bases CEC clay base E.C.
clay meof meg/100 g ESP saturation ppm (mmho/cm)
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Au2 3/5-11/ Dark brown (10n13/3) moist and brown to dark brown (10YE4/3)

15 cm dry; sandy loam; moderate fine and medium subangular blocky;

slightly hard dry, friable moist, nonsticky., nonplastic wet;

many fino and medium tubular and interstitial pores; clear

wavy boundary.

BA 11/15- Brown to dark brown (7.5Y54/4) moist; sandy clay loom; strong

30 cm medium and coarse subangular blocky; friable moist, slightly

plastic wet; many fine and medium tubular pores; gradual

smooth boundary.

Bwl 39-70 Brown (7.YR5/4) moist; sandy clay loam; moderate medium and

cm coarse Subangular blocky; friable moist, slightly sticky,

slightly plastic wet; many fine tubular pores; few fino and

common coarse roots; gradual smooth boundary.

Bw2 70-230 Strong brown (7.5YR5/6) moist; sandy clay loam; fine and medium

cm subangular blocky; friable moist, sticky, slightly plastic wet;

pores not recorded; few fine, few medium and coarse roots.

Soil anal tical data

0.0
%

E.
% C/N

Na

E2ohangcabie cations

Ca Mg

meq/100 g
soil)
H

Sum
bases

CEC soil
( sum)

2.98 0.17 18 0.04 0.10 3.20 1460 3.00 4.94 7.94
1.12 0.10 11 0.04 0.10 3.20 1.60 7.00 4.95 ,05
0.84 0.06 13 0.04 0.04 2040 2.00 '5.00 4.48 9.48
0.37 0,09 7 0.04 0.03 2.80 1.20 4.00 4.08 8.08
0.37 0.04 9 0.04 0.04 3.20 1.20 4.00 4.48 8.48

11.6918 0-3/9 81 3 14 SL 0.3
19 3/19-11/5 80 3 2 19 SL 0.3
20 11/5-39 69 9 2 24 SCL 0.3
21 39-70 69 2 3 26 SCL 0.2
22 706-230 67 2 4 27 SCL 0,2

100g

5,5 4,6 35 56 0.98 62 3,0 0.26
5.4 4.4 32 78 0.36 41 0,6 0.24
5.6 5.0 19 41 0.45 47 0.0 0.10
5.5 4.3 16 31 0.93 50 0.0 0.11
5.2 4.5 16 31 0.46 53 13-7 0.12

TeXt Silt/
Class clay
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(iii) Typical profile 132/2/191

Location: grid TJ 150 781

Date of examination: 26/7/78. Authors: L. P,agaa, A. Kiwelu

Landform: undulating plateau

Sito: almost flat, 2 slope

ldicrorelief: scattered termite mounds, 1.5 m high

Elevation: 1,400 m

Parent material: weathered shale

T;fointure condition: slightly moist between 20-80 cm, moist below

Groundwater: none. Drainage class: well drained

Rock outcrops/surface stones; none. Erosion/deposition: none

A 0-7 Dark brown (7.5153/2) moist and broun to dark brown
cm (7.5154/2) dry; loamy sand; weak fine and medium subangular

blocky; soft dry, very friable moist, nonsticky, =plastic

wet; fine and medium tubular pores; many fine and very fine

roots; gradual smooth boundary.

Dwl 7-48 Reddish brown (5154/4) moist and brown (7051-55/4) dry; sandy
cm

loam; moderate medium subangular blocky; soft dry, friable

moist, nonsticky, nonplastic wet; common fine and medium

tubular pores; few fine, common medium and coarse roots;

gradual smooth boundary.

Dw2 48-80 Yellowish red (5154/6) moist and (51E5/6) dry; sandy- loen;

cm
moderate medium subangular blocky; soft dry, friable moist,

nonsticky, nonplastic wet; common fine and medium tubular

pores; few fine, common medium and coarse roots; gradual smooth

boundary.

Bw3 806-312 Strong brown (5155/6) moist; sandy clay loam; moderate
cm

subangular blocky; friable moist; slightly sticky; slightly

plastic wet; few fine tubular pores; few medium and coarse

roots.

Environmental characteristics

These soils are developed in a thick regolith of weathered shale, under

vegetation of miombo woodland with a ground cover of medium and short grasses.

They occupy undulating, moderately dissected plateaux having scattered termite

mounds upto 2 m high. Dominant slopes are 2-8 percent.

Land use

None, except for some honey from wild bees.



Particle size dis ribution
Sample Depth Sand Silt Clay

506-20 m 20-2 m Text clasp Silt/clay

11,6482 0- 7 85

83 7- 48 79

84 48- 80 79

85 80-202 80

86 202-312 75
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5 1 9 LS 007

4 o 17 SL 0-3

2 $ 18 SL 0-2

i o 20 SOL 0.1

4 1 20 SOL 002

0.C. N C N ExchanEeable cations meg/100 soil) Sum CEO soil

% % Na K Ca Mg H, (un)

1,51 0.11 14 0006 0.02 2,80 2000 1.00 4.88 5.88

0,81 0.07 12 0006 0002 2.00 1.60 21,00 3068 24.68

0.46 0.06 7 0.06 0.02 2.00 1960 4.00 3.68 7.68

0.46 0.04 10 0006 0.02 2,40 0980 2.00 3.27 5.27

0.41 0.03 14 0.06 0901 2000 2.00 2,00 4.01 6.01

Sum bases CEC clay base E.Ca

H0 CaCl2 clay me meq/ ESP saturation Plan (mmho/cm)
2 100 g 100g

5.4 4.6 51 61 1.0 83 3.9 0.14

5,2 4.4 22 147 0.2 15 1.2 0.15

5.3 4.7 20 41 0.8 48 1o4 0.10

5.4 5.0 17 27 1.1 62 3.4 0.13

5.2 4.6 20 30 100 67 1.1 0.06

Soi tic



MAPPING UNIT Ps

This unit include deep, well to somewhat excessively drained, yellowish

brown sands having weak structaral development. They are Cambic Arnesols

in the FAO Legend and Ustic? .Quartzipsamments in the USDA Soil Taxomony.

Typical: rofile 1,2 2 16

Location: grid TJ 119 794

Date of examination: 17/7/75. Authors: L.*ggaa,E.. Bomans, E. Mosha.

Landform: gently sloping, 2% slope

Miororelief: none

Parent material: weathered sandstone

Moisture condition: dry to 30 cm, slightly moist to 120 cm, moist below

Ground water: unknown. Drainage class: somewhat excessively drained

Rock outcrops/surface stones: nono, Erosion/deposition: none

A 0-3 Very dark grey (10YR3/1) moist and dark grey (101E4/1)
cm

dry; sand; very weak crumb; soft dry, very friable moist,

nonsticky, nonplastic wet; common fine and very fine root-.

clear smooth boundary.

Cul 3-170 Dark yellowish brown (10YR4/4) moist and light yellowish
an

brown (10YR6/40 dry; sand; single grain; loose dry, very

friable moist, nonsticky, nonplastic wet; very few fine

roots; clear smooth boundary.

Cu2 170 cm Light yellowish brown (10YR6/4) moist, few fine distinct clear

strong brown (7.5M5/6) mottles; sand; single grain; very

friable moistunonsticky, nonplastic wet; very few fine roots

Rane of profile characteristics

Texture of the profile is usually sand, sometimes loamy sand. The A

horizon ranges from 3 to 15cm in thickness, colour of the C layers from

light yellowish brown to brown. Drainage varice from zoOd to somewhat

excessive;

aracteristicsalvironmental cl

These soils are developed in a thick regolith of weathered sandstone

under a vegetation of Brachystegia woodland with some open patches of

grasses. They occupy undulating, moderately dissected plateaux, with

scattered termite mounds up to 2 m high. Domipla,it ,.lopes are 2-8 percent.

Land uso

None, except for some honey from wild bees.
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Location: grid TJ 128 745
Date of examination: 18/7/78. Authors: E. Mosha, E4 Bomans

Landform: shallow depression in plateau

Site: flat, less than 1 slope

Microrolief: none

Elevation: 1,380 m

Parent material: weathered sandstone

Moisture condition: moist to 15 cm, wet below

Groundwater: 55cm. Drainage class: poorly drained

Rock outcrops/surface stones: none. Erosion/deposition: none

A. 0-50 Black (10n2/1) moist; sand; very weak medium crumb;
cm

very friable moist, -nonsticky; nonplastic wet; many

fine and medium roots

Cul 50-100 Very dark brown (10YR2/2) moist; sand; single grain;
cm

nonsticky, nonplastic wet; very few fine and medium

roots

RanFo of rofile characteristics

The A horizon usually rangos from 25 to 50 in thickness, but in some

profiles it is as thin as 15 cm. Dep,, to the groundwater varied from 40

to 100 cm at the time of the survey.
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MAPPING USIT Pr

This unit mainly includes sandstone outcrops and boulders. Shallow,

often gravelly soils occur in small patches only. Vegetation is scarce and

consists of scattered traes and grasses. The soils of this unit were not

studied in detail during the survey.

MAPPIP0 UNIT Pr/Ps

This unit occupies undulating., moderately dissected plateau arcas and

consists of sandstone outcrops, boulders and deep sandy soils occuring in

a complez pattern. The soils are developed in weathered sandstone and are

similar in characteristics to those of mapping unit Pa.

MAPPING UNIT Pm

This unit includes poorly drained, deep, darkcoloured sonda occupying

shallow depressions on the plateaux. These soils are Humic Gleysols in the

FAO Legend and Tropaquents in the USDA Soil Taxonomy,

Tv cal raffle 1 221 o

0u2 100-120 Desk greyish brown (10YR4/2) moist; sand; single Grain;
cm

nonsticky, nonplastic wet; very few fine and medium roots



These poorly drained soils are developed in weathered sandstone, under

a vegetation of short and medium grasses. They occupy flat, shallow depressions

on the plateau. Dominant slopes do not exceed 1 percent.

Land use

none.

A.2 ,POIIB OF THE ESCARPMENTS

MAPPING UNIT E

This unit occupies nearly vertical sandstone and shale escarpments with

associated bouldery slopes. Dominant slope gradients are 8-50 percent on the

bouldery slopes and generally more than 100 percent on the rocky scarps. The

soils usually overlie weathered shale, occur in scattered patches and mainly

consist of shallow, gravelly loamy sands to-sandy clay loams. The natural

vegetation ranges from isolated trees to open woodland.

The soils of this unit were not studied in detail. . The profile

description which follows below is an example only of the range of soils that

may be encountered. It is classified as Dystrict Regosol lithic phase in the

FLO Legend and Lithic Usterthents in the USDA Soil Taxonomy. Some of the

soils overlie hard, slightly weathered sandstone at lesb than 10 cm of the

surface. These soils are Lithe3ols in the FAO Legend ad Lithic Ustorthents

in the USDA Soil Taxonomy.

'rofile 1 2 2 10
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Enviro ,ental characteristics

Location: grid TJ 177 791

Date of examination: 26/7/78. Authors: J. Magoggo, A. Kiwelu, L. Daggaa

Landfonn: escarpment

Site: sloping, 7% slope

Microrelief: common termite pillars less than 20 cm high

Elevation: 1,360 m

Parent material: weathered shale

Moisture condition: dry to 17 cm, slightly moist below

Groundwater: none. Drainage class: well drained

Rock outcrops/surface stenes: many rock outcrops and boulders

Erosion/deposition: none

/Jul 0-4 Dark greyish brown (10YR4/2) moist and greyish brown

cm (10YR5/2) dry; gravelly loamy sand; Ireak fine and

medium subangular blocky; soft dry, friable moist,

nonstiCky, nonplastic wet; common medium tubular pores;

many fine and fine roots; abrupt smooth boundary



Au2 4-28 Brown to dark brown (10YR4/2) moist and palo brown
cm

(101R5/3) dry; very gravelly sandy loam; weak fine and

medium subangular blocky; soft dry, friable moist,

nonsticky, nonplastic wet; common medium tubular pores;

many fine and very fine, few coarse roots.

32cm+ Slightly weathered shale

Soil anal tieni data

, Depth
SamilLe (cm)

1120

pH

CaC12

Particle siffit distribution

Sand 50-20 m 20-2 m
Clay

0.4 N C/N Exchangeable cations

% % Na K Ca Mg

Text Silt/
Class Clay

00g soil) Sum CEO soil
bases (sum)

Sum bases CEO clay base
E.C.clay me mea/ ESP saturation

100g 100g ppm (mmho/cm)

A33 SOILS 0F:.THE40LLINIAL.FOOTSLOPES, UPPER FARTS

MAPPING UNITS Cuw and CulAe)

This unit includea well drained, deep, strong brown or yellowish red soils

of variable textures, occuring in a complex pattern. They are Dystric Combisols

in the FAO Legend and Ustic Dystropepts in the USDA Soil Taxonomy. Major soils

are as follows:

( i) Brown to very dark greyish brown sandy loam A horizon over .ing

strong brown or yellowish red sandy clay loam to sandy clay B horizon.

(ii) As above, but sand or loony sand A horizon over a sandy loam to

sandy clay lo am B horizon.
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11.6487 0-4 87 4 2 7 LS 0.8
88 4-28 80 4 3 13 SL 0.5

1.80 0.15 12 0,06. 0019 2.40 2.80 8,00 5.46 13.46
1,04 0.09 9 0.06 0.15 2.00 2.80 4.00 5.01 9!..01

5.4 5.0 72 177 0.48 41 6.4 0,25

5.5 4.6 37 66 0.62 56 2.0 0.13



Au2

Page 48

Typical profilci 133/j/2

Location: grid Td7 895 798

Date of exanination: 25/5/78. Authors: E. De Pauw, J. Magoggo

Londform: colluvial footslope; upper part

Site: sloping, 6 % slope

Microrelief: nono

Elavation: 1,430 m

Paront material: mixed colluvigni of sandstone and shale

Moisture condition: dry to 40 cm, moist below

Groundwater: unknown. 'Drainage class: well drained

Rock outcrops/surface stones: none. Erosion/depositon: none

Aul ()-4/8 Very dark greyish brown (10a3/2) moist and dark
cm

greyish brown (10YR4/2) dry; loamy sand; moderate

fine and medium subangular blocky; slightly hard

dry, friable moist, nonsticky, nonplastic wet; many

fine and very fine, common medium and coarse roots;

many fine and few medium pores; clear wavy boundary.

4/8- Dark brown (10YR3/3) moist and brown to dark brown
12/20 (10YR4/3) dry; loamy sand; moderate fine and medium
cm

subangular blocky; slightly hard dry, friable moist,

nonsticky, nonplastio wet; common medium End coarse

many fine tubular pores; clear wavy boundary.

Bwl 12/20-90 Brown (7.5YR4/3) moist; sandy loam; weak medium and
cm fine subangular blocky; friable moist, nonstiaky,

nonplastic wet; common medium and coarse roots; many

fine tubular pores; gradual smooth boundary.

Bw2 90-120 Brown to daIk brown (7.5Y1?4/4) moist, sandy loam;

cm
woak subangular blocky; friable moist, nonsticky,

nonplastic wet; few fine, common coarse and medium

roots; many fine tubular pores; gradual smooth

boundary.

Bw3 120-160 Strong brown (7.5YR5/6) moist; sandy loam; weak

cm subcngular blocky; friable moist, nonsticky, non-

plastic wet; few fine, common coarse and medium roots;

many fine tubular pores; clear smooth boundary.

2Bw4 160,-200 As Bw3, but sandy clay loam in texture.

cm



base
ESP saturation

0.34 41

0.47 45

1.3 5101777

0.76 53

1.c9 75

0.84 68

3.35 0.30 11 0.05 0.17 5.20 0,80 9,00 6,23 15.23
0.93 0.11 9 0,04 0,12 2080 1,20 '5,00 4.16 9.16
0.56 0.08 7 0005 0012 2040 0.80 1.00 5.37 4.37
0.28 0.07 4 0005 0.10 1060 1.20 1.60 2.96 3096
0.28 0.04 6 0,05 0019 2.40 0080 3.00 3,34 6.34
0.27 0.04 6 0.04 0.09 2400 0.80 1000 2,93 3.93
0.26 0.08 4 0,05 0,12 2.40 1.60 2.00 4.17 6.17
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Particle size distdbution
Sample Depth Silt Text Silt/

cm Sand 506-20 m 20-2 m Clay Class Clay

11.6506 0-4/8 84 4 1 11 LS 0.40
07 4/8-12/20 87 1 1 11 LS 0.14
03 12/20-90 80 3 2 15 SL 0.32

12/20.H90 79 2 3 16 SL 0.32
10 90-120 79 4 2 15 SL 0.37
11 120-160 77 4 3 16 SL 0.45
12 160-200 67 2 2 29 SOL 0.12

4.14

0.0,
%

N

%

C/N Exchangeable cations (me/100g soil)
Na K Ca Mg

Sum CEC soil
bases (sum)

pH

H20 CaC12

Sum bases
claY me
100 g

CEC clay
meg/
100g

5.2 4.4, 59 144

503 4.3 37 82

5.6 4.8 36 29

5.3 4.1 19 25

5.4 4.2 22 42

5.2 4.3 18 25

5'3 4..0 14 21

PPm

E.C.
(mho/cm)

141 0028

0.0 0.21

0.0 0.16
0.0 0.21

0.0 0.25
0.0 0,47

12.1 0.21



Location: grid TJ 224 739

Date of examination: 20/6/1978. Authors: E. Moshal L. baggaa, J. Magog°

Landform:colluvial footslope, upper part

Site: sloping, 5% slope

Microrelief: scattered termite mounds

Elevation: 1,360 m

Paraat material: mixed colluvium from shale and sandstone

Moisture condition: dry to 301 slightly moist to 60 cm, moist below

Gmundwater: none. Drainage class: well drained.

Rock outcrops/surface stones: none. 'Erosion/deposition: none

Au1 0"5/7' Very dark greyish brown (10YR3/2) moist and dark
cm

greyish brown (10YR4/2) dry; sandy loam; moderate

fine csiatab; moist friable, nonsticky nonplastic wet;

many fine poresv many fine roots; abrupt wavy boundary

Au2 5/7-12/20 Brown to dark brown (10YR4/3) moist and brown (101R5/3)
cm

dry; sandy loom; moderate fine subangular blocky;

friable moist, slightly sticky slightly plastic wet;

many fine pores; common fine and coarse roots; very

few shale fragments;, clear wavy boundary.

Bw1 12/20-50 Yellowish red (5YR4/6) moist and strong brown (7.5YR5/6)
CM

dry; sandy clay loam; moderate fine subangular blocky;

friable moist, slightly sticky slightly plastic wet;

many fino pores; common fine and coarse roots; very

few diffuse smooth boundary.

Bw2 50-140 Yellowish red (5YR4/6) moist; sandy clay; moderate
CM

medium subangular blocky; moist friable, sticky and

plastic wet; few fine and common medium roots; very

few shale fragments.

Environmental characte istics
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Leal refile 1 2 2 8'"

These well drained soils are developed in unconsolidated colluvial

materials derived from shale and sandstone, under a vegetation of Brachyste ia

woodland with a ground cover of short and medium grasses. They occupy the

sloping upper parts of the colluvial footslopes which lie between the

escarpments and the valley floor basement or floodplain. Unit CuW(e) is

closely dissected by deep gullies. Slope gradient rangos from 2 to 8 percent.

Land use

None, except for 20M0 honey from wild bees. In the past, dryland farming

was practised in unit Guw(e),



Sample Depth
cm

0.0 N Exchangeable cations(meq/100g soil) Sum CEO soil
bases (sum)Na K Ca Mg

PH
H 0 Caul

2 2

Sum bases CEC clay base
clay me me ESP Saturation
100 g 100g

Particle size distribution

Sand Silt Clay

EC

P (mho/cm)

MAPPING UNIT Cup

This unit is occupied by a number of imperfectly and poorly drained,

sometimes moderately well drained, soils bccuring in a complex pattern.

Major soils are as follows:-

(i) Imperfectly and poorly drained, dark brown and grey soils of variable

textures the A horizon is usually sandy clay loam, sometimes and or loam sand;

the B horizon ranges from sandy loam to sandy clay. They are classified as

Gleyic Cambisols in the FAO Legand and Aerie Tropaquepts in the USDA Soil

Taxonomy.
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Soil analv ical data

2.32 0.20 12 0.06 0.37 560 2.40 2.00 8.44 10.44
0.74 0.11 7 0.05 0.18 4.00 1.60 3.00 5.83 8.83

074 0.10 7 0.06 0.36 4.40 1.60 7.00 6.42 13.42
0.37 0,08 5 0.16 0.88 2.80 2.80 3.00 6.64 9.64

50-20 m 24,2 m

11.6513 0-5/7 69 12 5 14 SL 1.3
14 5/7-12/20 68 9 5 18 SL 0.8

15 12/20-50 51 13 6 30 SOL 0.6
16 50,-140 48 5 4 43 SC 0.3

5.3 4.5 62 77 0.62 80 1.1 0.49
5.0 3.9 33 50 0.54 66 0.0 0.15

5.5 4.5 21 44 0.42 48 0.0 0.66

5.3 4.8 15 22- 1.61 69 0.0 0.09

Text Silt/
Class clay



Location: grid TJ 270 794
Date of examination: 3/7/19784 Author L0 IL a1 Ji H0f6

Landform: colluvial footslope¡ upper Part
Site: almost flat, 2% slope

Nicrorelicf: none

Elevation: 1,290 m

Parent material: mixed colluvial matorialS derived from sandstone aad shale

Moisture condition: moist throughout

Groundwater: 100 cm. Drainage class: imperfectly drained.

Rock outcrops/surface stones: none. Erosion/deposition: none

Au1 Dark greyish brown (10YR4/2) moist; loamy sand; weak
cm

fine and medium subangular blocky structure; vory

friable moist, nonstidky, nonplastic wet; common fine

tubular poros; olear smooth boundary.

Au2 10-25 As Ault but brown to dark brown (10YR4/3) moist

BU 25-80 Brown to dark brown (10/14/3) moist, common medium

CM distinct clear yellowish brown (10YR5/8) mottles;

sandy loen; weak fine and mediuM subangular blocky;

friable moist, slightly-stiCky, slightly plastic

wet; poros and roots not rocorded; clear smooth

boundary.

Cg1 80-150 Light grey (1CYR6/1) and yellowish brown (101R5/4)

cm moist, many medium distinct clear yellowish brown

(101R5/8) mottles; sandy loen; massive; friable mois

slightly sticky, slightly plastic wet; pores and roots

not recorded; few (less than 3%) snail, irregular

ironstone fragments; clear smooth boundary.

Cg2 150-200 Pinkish grey (7.5YR4/8) moist, many coarse prominent

olear red (2.5YR4/8) mottles; coarse sandyloam;QM

massive; friable moist, slightly stiCky, slightlY

plastic wet; pores and roots not recorded; few (loss

than 3%) small, irregular ironstone fragments
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(ii) Moderately well drained, yellowish brown to pale brown sandy loans

and sandy °lay loams with preminent mottle's, covorinE leSs than 10 poroent of

the area. They are Dystric Oambisols in the PAO LeEend and Ustic Dystropopts

in the USDA Soil TaxonomY.

T oical ofile



(.14).....u2k.s.1._profile 13

Location: grid TJ 359 818

Date of examination: 27/5/1978. Autho 1 E. De'Pauw

Landform: oolluvial footslopp, upper part

Site: gantly sloping, 4% slope
Microrelief: scattered termite mounds

Elevation: 1,340 m

Parent material: colluvium probably derived from sandstone

Moisture condition: moist throughout

Groundwater: unknown. Drainage class: moderately well drained

Rock outcrops/surface stones: nono. Erosion/deposition: none

Ag 06.4/6
om

Bwal 4/6-20
Om

Very dark greyish b/ (10YR3/2) moist and greyish

brown (10YR5/2) dry, many fine distinct olear dark

yellowish brown (1WR3/4) mottles; sandy loam; weak

fine and medium subangular blocky; moist friable,

nonsticky, nonplastio wet; many fine and few medium

tubular poros; abrupt wavy boundary.

Yellowish brown (10YR5/4) moist, many fino faint olear

strong brown (7.5 YR5/8) mottles; sandy loam; weak fine

and medium subangular blocky; friable moist, nonsticky,

nonplastic wet; many fine and few modium tubular pores;

common fine and medium, few coarse roots; gradual

smooth boundary.
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Bwg2 206..50 Yellowish brown (10Y25/4) moist; many medium and coarse,
GM

faint clear strong brown (7,5YR5/6) mottles; sandy loan;

weak fine md medium angular blboky, friable moist,

ightly sticky, slightly plastic wet; many fine and

common medium tubular pores; common fine and medium

few coarse roots; gradual smooth boundary

Dwg3 50-82/92 Palo brown (10YR6/3) moist, many medium and coarse faint
cm diffuse brownish yellow (10YR6/6) mottles; sandy loam;

weak fine angular blocky; friable moist, slightly sticky,

slightly plastic wet; many fine and medium tubular pores;

common mediUml few coarse roots; gradual smooth boundary.

BwG4 .82/92-140 Palo brown (10YR6/3) moist, many medium and coarse faint

diffuse brównish yellow (10YR6/6) mottles; sand loam;

weak fine angular blocky; friable moist, slightly stiCky,

'slightly plastic wet; many fine and medium tubular porep;

few fine and medium roots; frequent (about 25%) small,

soft, ti:rogular red nodules.



onmeirbnl characteristic

These soils obcupy the gently sloping upper parts of the 001111-vial foot-

slopes and aro developed in Colluvial materials derived from sandstone.and

shale. Domin44t slope gradient is 2-3 percent. The vegetation mainly

consist of short and medium grasses, with some Terminalia trees on the better

drained sitos.

and use

None

Soil ann tieni data

Sample Depth

om

pH
H 0 CaC1
2 2

27

18

27

33

31

Par

Sand

Sum bases
0,1a,y meq/

100g

e size ribu ion Text Silt/
Si

Clay Class clay50-20 m 206-2 m

(sum)

5.27
4.98
6.98

11.37

12.75
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66 4 14 16 SL :1012

65 5 14 16 SL 1,c9

64 6 12 18 SL .0.96
67 3 14 16 SL .00
66 7 8 19 SL 0.82

Exchangeable cations( 00g soil) Sum CEO soil

Na K Ca Mg
bases

13 0.13 0.15 2.00 2,00 1.00 4,27
8 o.09 0.09 1.20 1.60 2.00 2.98

5 0,09 "C6 2.40 2.40 2,00 4.98
9 0.09 0.08 2.80 ,2.40 6.00 5,,37

28 0.10 0.09 .2.40 3.20 7000 5.75

0E0 Cl,
mo ESP

be
satura ion P

plxn

EC
(mmho/cm)

2.37 ,0.0 0.46

30 1.81 60 0.0 0.23

38 1.36 71 0.0 0.23
69 0.79 47 0.0 0.20
69 0.78 45 ,0.0

4.7 4.0
5.0 4.5
5.5 4.8
5 .8 5.0
6.1 P5.3

.0.0.
%

N

%

2.23 0.17
0.16 0.03

0,19 0.04
0,19 0402

0.28 0.01

11.6651 0-4/6
52 4/620
53 2050
54 50-82/92

55 ,82/92-140



Bwl 31/3
cm

TR. PARTS

MAI-TING UNIT Clw and Clw(e)

The soils of these units are classified as Dystric Cambisols in the Legend

and Ustic Dystropepts in the UADA. Soil Taxonomy. Major soils are as follows:

( i) Deep, well drained soils having a very dark greyish brown to dark

brown, sometimes black, sand or loamy sand A horizon ovorlying a yellowish

brown, brown or strong brown sandy lown to sandy clay loam horizon.

(ii) As above, but moderately well or imperfectly drained soils, often

with ironstone gravels below 1 111

13/1/1qi

Location: grid TJ 352 622
Date of examination: 29/5/76. Authors: J. Magog°, E. Borneas

Landform: colluvial'footSlope, lower part

Site: almost flat, 1,5% slope

Microrelief: scattered termite mounds

Elevation: 1,340 m

Parent material; colluvium from sandstone and shale

Groundwater: 220 cm. Drainage class: well drained

Rock outcrops/surface stones: none. Erosion/deposition: none

Au1 0-5 Black (10Y52/1) moist and very dark grey (10YR3/1) dry;
cm

lowly sand; weak fine crumb; loose dry;, very friable

moist, nonsticky, nonplastic wet; many fine tubular

pores; many fine roots; clear smooth boundary.

Au2 '5-13 Dark greyish brown to brown (10YR4/2.5) moist and brown
cm (10YR5/3) dry; loamy sand; moderate fine crumb; soft

dry, very friable moist, nonstickyl nonplastic wet;

many fine tubular pores; many fine and common medium

roo-te; clear smooth boundary.

BA 13-31/33 Dark greyish brown to brown (10YR4/2.5) moist and brown
cm

(10YR5/3) dry; sandY,loam; moderate medium and coarse
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subangular blocky; soft dry, friable moist, nonsticky,

nonplastic wet; many fine tubular pores; common fine

few medium and coarse roots; gradual smooth boundary*

84 Brown (10YR5/3) moist; sandy loam; moderate coarse

subangular blocky; slightly hard dry; friable moist,

nonsticky, nonplastic wet; many fine tubular pores; few

fine and coarse, common medium roots; clear, smooth

boundary.



Sample Depth

(cm)

Page 56

0.C.

%

N
%

C/N Exchangeable cations

Na K Ca

leg/ 00g soil)Sum
bases

Mg

CEC'soil
(sum)

3.10 0.30 10 0.05 020 5.20 6.00 8,00 1,145 19.45

1.22 0015 8 0.05 0,11 2.00 2.80 2.00 4.96 6.96

0,37 0.08 5 0.06 0,13 2440 1,60 4.00 4.18 8.18

0.47 0.07 7 0.06 0.14 4.00 1.60 7,00 5.80 12.80

0.27 0.07 4 0.06 0.16 2.00 2.80 6.00 5.03 11.03

11.6561 0-5 82 4 3 11 LS 0.64

62 5-13 84 3 10 LO 0.58

63 13-31/33 80 2 2 16 SL 0.28

64 31/33-84 75 4 3 18 SL 0.38

66 84-160 65 4 4 27 ;CL. 0.28

PH - SUM baser CEO clay
ESP base

EC.:
i 0

Ca012
clay mop"
100g

mcq/ Saturation
.}?;11.}?;11P

(mMho/cm)

5,3 442 102 174 0.25 59 3.6 0.26'

545 4.6 50 70 0.69 71 2,9 0.17

5.8 5.2 26 52 0.68 51 0.4 0.19

5.8 5.0 32 70 o.47 45 0,0 0.11

5.2 4.3 e 40 0.59 46 0.0 0.11

Bw2 84-115 Brown (10Y115/3) Moist, sandy clay loam; moderato coarse
cm

suban6u1ar blocky; friable moist, sli8htly sticky,

slightly plastic wet; many fine, few medium tubular poros;

few fine snd medium roots; clear smooth boundary

Bw3 115-160 As Bw2, but few medium érominent clear red (10YR4/6)
om mottles.

Soil anal leal data

PartiCle size distribution Tekt Silt
Sand Silt Clay Class clay

5(1-20 m 20.2 m



T;ioal rofilo 13 1 22

Location: grid TJ 348 822

Date of examination: 29/5/78. Authors: E. Bomans, L. Baggaa, E. Mosha

Landform: colluvial footslope, lower part

Sito: almost flat, 1% alope

Elevation: 1,320 m

Parent material: colluvium from sandstone and shale

Moisture condition: moist-below 30 cm

Groundwater: 2609.41 Drainage class: imperfectly drained

Rock outcrops/surface stones: none. Erosion/deposition: none

Aul 0-4/5- Very dark greyish brown (10YR3/2) moist and brown
OM (10YR5/3) ary; loamy sand; moderato medium and fine

crumb; soft dry, friable moist, nonsticky, nonplastic

wet; many fine tubular poros; mpny fine and common

medium roots; clear wavy boundary.

Au2 4/5-10/12 Dark yellowish brown (10YR4/4) moist and light yellowish
cm

brown (10YR6/4) dry; loamy sand; moderate medium

subangular blocky; slightly hard dry, friable moist,

nonsticky, nonplastic wet; many fine tubular poros;

common fine and medium, few coarse roots; clear wavy

boundary.

BA 12-22/27 Dark yellowish brown (10YR4/4) moist ana very pale brown
cm (10YR7/4) dry; sandy loam; moderate medium subangular

blocky; slightly hard dry, friable moist, nonsticky,-

nonplastic wet; many fine tubular pores; few fine and

coarse, common medium roots; gradual wavy boundary.

Bwl 22/27- Strong brown (7.45YR5/6) moist; sandy loam; moderate

37 40 cm medium coarse subangular blocky; slightly hard dry;

friable moist,: slightly sticky, sliglrbly plastic wet;

many fino and common medium pores; few fine to coarse

roots; gradual Wavy, boundary.

2Bw2 37/40-115 Strong brown (7.5YR5/6) moist, many medium prominent
cm

Clear red (1CTR4/8) mottles; sanay clay loam; moderato

coarse subangular blockY; friable moist, sticky, slightly

plastic wet; many fine and Common medium tubular poros;

common fine, few medium and coareo roots; gradual wavy

boundary.

115-215 As 2Bwg1, but sandy clay in texture.
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vironn characteristics

These soils are developed in unconsolidated GgIluvial MaterialS derived

from sandstone and shale, under a vegetation of Brachystegia/Terminalia

woodland'with a gxound cover of short and medium grasses. They ocCupy the

almost fiat lower parts of the colluvial footslopes. Slope gradi&nts are

1-2 percent. Unit Cuw(e) is closely dissected by gullies. Termite mounds

occur in many arcas.

Land use

None.

Soil an,]. tica data

00C N Exchangeable cations( eill00g soil) Sum CEO soil

% % Na K Ca Mg NE:,;, bases (sum)
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1.66 0.15 12 0,06 0.30 2.80 1.60 5.00 4.76 9.76
0.67 0.08 11 0.05 0.13 2.40 1.60 3,00 4.18 7.18
0.52 0.05 10 0006 0.14 2.40 1.60 3.00 4,78 7.78
0.53 0.04 11 0.05 0.16 2.00 2.40 4.00 4.61 8.61

0.46 0.06 8 0.06 0.52 4.80 1.20 640 6,59 12.59

0.46 0.06 8 0.09 0.40 2.50 1.60 10.00 14.90 24.40

PH Sum bases CEO claT base EC

H0 CaCl2 clay me ESP saturation P (mmho/cm)
2 100g 100g PPm

Sample Depth
(cm)

Particle

Sand 54-20 m
distribution

20-2 m Clay
Text
Class

Silt/
clay

11.6467 0-4/5 71 8 9 12 SL 1.38
68 4/5-10/12 76 6 6 10 LS 1,22
69 10/12-22/27 75 2 11 12 SL 1.12
70 22/27-37/40 69 4 11 16 SL 0.89

71 37/40-115 53 6 8 33 SCL 0.41
72 , 115-215 45 6 10 39 20, 0.41

5.2 4.4 39 80 0.57 49 7.1 0.19

5.4 4.6 43 73 0,72 58 4.8 0.12

5.0 4.2 41 65 0,84 61 3.0 0.10

5.0 4.3 28 53 0.55 54 4.2 0.15

5.2 4.3 20 38 0.52 52 1.9 0.10

5.4 5.0 36 64 0.38 60 3.9



Location: grid TJ 299 746

-Bate of examination: 3/6/1978. Author/: J. Magogo

Classification: Dystric Cambisol, petroferric phase (FAO), Petroferric?
Dystropepts (USDA)

Landform: colluvial footslope, lower part

Parent material: colluvium from sandstone and shale

Site: almost flat, 1% slope

Elevation: 1,300 m

Moisture condition: moist below 30 cm

Groundwater: 85 cm. Drainage class: imperfectly drained

Rock outcrops/surface stones: nono. Erosion/deposition: nono

Au1 0-3/4 Dark greyish brown (10154/2) moist and greyish brown
cm (10155/2) dry; loam; weak fine crumb; soft dry, very

friable moist, slightly sticky, slightly plastic wet;

many fino tubular pores; common fine; many medium, few

coarse roots; clear smooth boundary.

Au2 3/4-16/18 Brown to dark brOwn (10154/3) moist and brown (10155/3)
cm

dry; sandy clay loam; modprate medium crumb; dry soft¡

friable moist, slightly sticky, slightly plastic wet;

many fine tubular poros; common fine; many medium, few

coarse roots; abrupt smooth boundary.

Bw1 16/18-28/32 Dark yellowish brown (10154/4) moist cnd yellowish brown
cm

(10Y-R5/4 dry; loam; modorate medium subangular blocky;

slightly hard dry, friable moist, slightly stiCky,

slightly plastic wet; many fine tubular pores; few coarse

root,-. clear wavy boundary.
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MAPPING UNIT Clp

This unit include a number of deep imperfectly. and poorly drained soil

of variable textures. Major soils are as follows:

( i) Soils having a ver dark greyish brown, dark brobn or black sandy

loam to sandy clay loam A horizon and a brown to grey, clay loam to sandy clay,
mottled B horizon overlying a contineous ironstone layer below 50 cm. They

are classified as Dystric or Gleyic Cambisols, petroferric phase in the FAO

Legend and Petroferric? Dystropepts or Acre Troy6,;quepts in the USDA Soil.

Taxonomy.

(ii) As above but compact, slowly permeable clay B horizon. They are

Gleyic Cambisols in the FAO Legend and Aerie Tropaquepts in the USDA Soil

Taxanomy.

Ty ical rofile 133



Sample Depth

.L.....0-

Particle size distribution

Sand Silt Clay
50,20 m 206-2 m

Exchangeab)..e cationseq. 1 00g, soi
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Text Silt/
class clay

0.0

%

N

%

CAT
Na Ca Mg H.

CEO soil
( SUM )

1.31 0.19 7 0.08 0.2-) 2.40 2040 3000 5.08 8.08

0.94 "13 7
0.06 2.80 1.30 1000 4.69 5.69

0.38 0.11 3 0.07 0.2-) 2.40 0080 5.00 3.47 8.47

0.28 0.09 3 0.16 0.3) 2.40 2.00 5,00 4.86 6.89

0.28 0.08 4 0.15 0.23 1.60 2.40 7.00 4.38 11.38

pH Sum bases-. CEO cay base EC

H20 CaC12
clay meq/
100g

mcç( ES? saturation
e

(mmho/cm)

11.6497 0-3/4 '
51 .4 18 17 L 1.87

98 3/416/18 53 8 18 21 SOL 1.25

99 16/18-28/32 47 11 16 26 1.01

11.6500- 28/32-60 38 8 15 39 SG. 0.60

01 60-90 34 7 15 44 sc 0.51

5.8 4.6 30 43 0.95 63 2.4

5.6 4.1 23 27 0.98 82 0.6

5.4 4.4 13 32 0.81 41 0.0

5'5
4.6 12 25 1065 49 0.0

5.6 405 26 1.83 38 0.0

2Bwg2 28/32-60 Yelloaish ron (10YR5/6) moist, many medium prominent
cm

clear red (205YR5/6) mottles; clay loam; moderate fine

and medium subangular blocky, friable moist, slightly

sticky, sl:_ghtly plastic wet; common fine and medium

tubular pores; common fine and medium roots, abrupt

smooth boundary.

2Bwg3 60-90 As 2Bwg2, out sandy clay texture
cro

MS 90 cm+ Petroferrio horizonqpntinucugironstone layer large1y

constructed of comentedlvIdules of irregular shape.

Soi anal tical da a



Location: grid TJ 351 780
Date of examination: 27/5/78. Author: E. Do Pauw

Classification: Gleyic Cambisols (FAO), Aerie Tropaquepts (USDA)

Landform: colluvial footslope, lower part

Sito: flat, slope loss than 1%

Microrelief: scattered termite mounds

Elevation: 1,300 m

Parent material: colluvium from shale?

Moisture condition: moist below 10 cm

Groundwater, 100 cm. Drainage class: poorly drained

Rock outcrops/surface stones: none. Erosion/deposition: nono

A 0-6/8 Dark greyish brown (10YR4/2) moist and greyish brown
cm

dry; many medium distinct clear brownish yellow (10YR6/6)
mottles; san - loam; weak medium and coarse crumb;

slightly hard friable moist, nonsticky, nonplastic wet;

many fino and few medium tubular pores; common fine, few

medium tubular pares; common fine, few coarse roots;

clear wavy boundary.

BA 6/8-24/26 Brown (10YR5/3) moist, many medium distinct olear brownish
Cin

yellow (10YR5/3) moist, many medium distinct clear brownish

yellow (10YR6/6) mottles; sandy clay; weak fine and medium

subangular blocky; fine moist, sticky, slightly plastic

wet; common fine and very fine pores; common fine and few

-coarse roots; gradual wavy boundary.

Bwg1 24/26-46/52 Dark brown to brown (10YR4/3) moist, many medium and coarse
Crn

distinct clear yellowish red (5YR5/8) mottles; clay;

moderate fine and medium angular blocky, firm moist, sticky,

plastic wet; comnon fine and very fine tubular poros; few

fino, common medium roots; gradual wavy boundary.

Bwg2 46/52-110 Grey (10YR5/1) moist, mony coarse prominent sharp red

(2.5YR4/8) mottles on pod faces and some cracks; clay;

massive breaking to weak medium subangular blocky; firm

moist, sticky, plastic wet; very few very fine tubular

pores; very few coarse roots.

Environmental characteristics

Those soils occupy the lower and of the °alluvial footslopes and appear

to be developed in unconsolidatud colluvial materials derived from shale and

sandstone. Dçii..ant vogebatior is w9Ó0.9d (Terminalia sp) grassland with common

open arcas of medium and -ball grasses. Slope'gradient does not exceed 2 percent.

Poze 61
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Somple Depth
( cm)

Particle size distribution
Sand Silt Cle

50-20 m 20-2 m

Text silt/
Class clay

0.0 N CAT EXchangeable cations(meg/100g soil) Sum CEC soil

% % Na K Ca Mg H' bases ( sum)

A3.5 SOILS OF THE VALLE FLOOR BASEMENT

MAPPING UNIT Vw

This unit include well drained, shallow, often gravelly, brown to strong

brown sandy looms, clay looms or sandy clay loams overlying an ironstone layer

at less than 50 cm of the surface. They are Dystric Regosols petroferric phase

in the FAO Legend and Fetroforric? UstorthentS in the USDA Soil Taxonomy.

T deal rofile 1 1 8

Location: grid TJ 263 740

Date of examination: 15/08. Authors: J. Magog°, E. Bomans

Landform: valley floor basement

Site: flat, less than '6 slope

Microrelief: none

Pago 62

Land upe

None

Soil analytical data

1.10 0.13 9 0.07 0016 2080 2080 4.00 5.95 9.95
0.10 9 0015 0.17 3.20 0680 8600 4032 12.32

0.37 0.11 3 0.21 0,18 4,80 1,60 6,00 6.79 12.79

0.38 0.11 3 0,18 0.16 2.80 2600 2,00 5.14 7.14

PH Sum bazos CEC cloy base. EC

H0 CaC1 clay me meql ESP saturation (mmho/cm)
2 2 100g PPE

5.0 4,0 31 51 0.73 0.0 0,12

5.1 4.3 10 29 1.18 35.1 0.0 0.19

5.7 5.0 21 1.68 53.1 0.0 0.18

5.1 4.6 9 13 2.53 72.0 0.0 0017

11.6556 0-6/8 73 4 4 19 SL 0.38

57 6/8-24/28 50 5 2 43 SC 0.16

58 24/26-46/52 31 5 3 61 0.13

59 46/52-110 35 4 4 57 0.15



These soils range from a few cm to 50 cm in thickness, and may be brown,

dark yellowish brown, yellowish brown or strong brown in colour. They usually

wetly,: an ironstone layer with fissures, except in some areas where loose

ironstone nodules predominatsi

Environmental characteristics

These soils ocaupy the well drained areas of the valley floor basement and

are under open woodland of stunted, contorted trees, with a ground cover of

short and medium grasses. They appear to be developed in coliuvium from

shale and sandstone. Slope gradient does not exceed 1 percent.

and use

Nono*

Pago 63

Elevation: 1,285 m

Parent material: colluvium from shale and sandstone, (weathered ironstone)

Moisture condition: dry throughout

Groundwater: none Drainage class: well drained

Rock outcrops/surface stones: common ironstone outcrops and boulders

Erosion/depOsition: none

foil 0-8/12 Dark greyish brown (10YR4/2) moist and greyish brown
cm

(10YR5/2) dry; sandy clay loam; moderate fine subdngular

blocky; soft dry, friable moist, slightly sticky, slightly

plastic wet; common fine tubular pores; common fine, many

medium roots; gradual wavy boundary.

Au2 8/12-18/20 Dark yellowish brown (10YR4/4) moist and dry. gravelly

clay loam; moderate fine subangular blocky; soft dry,

friable moist, slightly sticky, slightly plastic wet;

common fine tubular pores; common fine roots; about

20% angular ironstone fragments, 5-10 mm diameter;

abrupt smooth boundary

me 18/20cm+ Petroferric horizon: ironstone layer with fissures,

largely constructed of cemented modules of irregular

shape.

lo -e o rofile characteristics



LóiLLinálytical data

Sample Depth

pH Sum bases CEO clay

H20 CaC12
clay meq/ meq/
100 g

Particle sise distribution

Sand - Silt
50-20 m 20--2 m

C/N Exchangeable cations(meq/100g soil)

Na K Ca Mg H(*)

H(*) :
BaC12

triethanolamine extraction

MAPPING UNIT Vp

Unit Vp includes a number of poorly drained, darkcoloured, often gravelly

soils overlying a contimous ironstone layer at less than 50 cm of the surface.,

Soil texture usually varies from coarse sand to sandy clay loom, but it may be

candy clay or clay in some profileS0

These soils occupy flat, shallow depressions and drainage ways in the

valley floor basement. Slopes usually do not exceed 1 percent. They are

probably developed in colluvium from shale and sandstone, under a vegetation

of wooden grassland with small contorted trees.

The profile which follows below is an example only of the wide range of

soils which may be encountered in the unit. It is classified as Dystric

Gleysols petroferric phase in the FAO Legend and Petroferric? Tropaquents in

the USDA Soil Taxonomy.

Text silt/
class clay

Sum CEC soil
bases (sum)

base EC
ESP saturation (mmho/cm)

% PPm
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2032 0.21 11 0,07 0.34 3.20 2.40 8.00 6.01 14.01

1,28 0.14 9 0,06 0045 2.80 2.80 10.00 6.10 16,10

11.6490 0-8/12 50 11 18 21 SOL 1.34

91 8/12-18/20 40 7 12 34 CL 0.75

5.7 5.1 28 64 0.493 43 3.4 0.24

5.6 5.0 18 47 0.348 38 1.2 0.22



Location: grid TJ 290 765

Date of examination: 25/7/78. Authors: L. Datggaa, A. Kiwelu

Site: flat, less than 1% slope

Microrelief: few termite moundo upto lin high, about 100m apart

Elevation: 1,300 m

Prent material: colluvium from shale and sandstone weathered ironstone?)

Moisture condition: moist to 20 cm, wet below

Groundwater: unknown. Drainage class: poorly drained.

Rock outcrops/surface stones: few ironstone outcrops and boulders in
surrpunding area

Erosion/deposition: None

Agi0-5 Very dark greyish brown (10n3/2) moist; sandy clay
cm

loam; mass:,ve; friable moist, sticky, slightly plastic

wet; pores and roots not recorded; clear smooth

boundary.

Ag2 5-30 Very dark brown (1CYR2/2) moist, common medium prominent
cm

clear yellowish brown mottles; gravelly sandy clay loam;

massive; friable moist, sticky, slightly plastic wet;

pores and roots not recorded; about 20:7, irregular iron-

stone fragments, 4-8 cm diameter; abrupt smooth boundary.

MS 30cm+ Petroferric horizon: contineous ironstone layer largely

constructed of cemented nodules of irregular shape.

A3.6 SOILS OF THE FLOODPLAIN

MAPPING UNIT Fo

This unit occupy flat active floodplain area along the Rugufu river and

its main tribu-barios. Slope gradient usually does not exceed 1 percent. Major

soils are poorly to very poorly drained, grey and dark grey, stratified clay

looms and clay loams and clays. They are seasonally flooded by river water and

remain waterlogged throughout moct of the year. They may be Dystric Fluvisols

in the FAO Legend and Typic Fluvaquents in the USDA Soil Taxonomy.

The area was flooded at dl:e time of the survey and he soils could neither

be studied nor described in dotail.

MAPPING UNIT Fa

This unit occupies the ,Iyungcr meander floodplain of the Rugufu river and

its main tributaries. It consis'5s of a number of,,narrow abandoned levees and

slightly lower backswamps.
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Location: grid TJ 286 744

Date of examination: 5/6/78. Authors: J. Magoges E. Bomans

Landform: abandoned levee

Site: flat upper part, 1%, slope

Microrelief: none

Elevation: 1,280 m

Parent material: alluvial deposits

Moisture condition: moist throughout

Groundwater; 190 cm. Drainage class: moderately well drained

Rock outcrops/surface stones: none Erosion/deposition: none

0-3/9 Dark greyish brown (10YR4/2) moist and greyish
cm

brown (10YR5/2) dry; sand loan; moderate fine

crumb soft drys friable moists nonsticky; nonplastic

wet; few fine tubular pores; many fine roots; clear

wavy boundary.

Au2 3/9-10/15 Dark greyish brown (10YR4/2) moist; sandy loan;
cm

weak fine crumb; friable moist, nonstickys nonplastic

wet; few fine tubular pores; common fine and few

coarso roots; clear smooth boundary.

10/15-35/48 Palo brown (10YR6/3) moist; massive; sandy loam;
cm

friable moist, nonsticky, nonplastic wet; fow fine

tubular pores; few fine roots; abrupt wavy

boundary.

20 35/48-76/100 Pale brown (10YR6/3) moist; common medium and coarse,

cm distinct, clear, strong brown (10YR5/8) mottles;

30 76/100-170
cm
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Major soils are as follows:

( i) Levees: deep, moderately well drained, pale or yellowish brown,

stratified sands to sandy loams. They are Dystric Fluvisols in

the FAO Legend and Aculo Ustifluvents in the USDA Soil Taxonomy.

(ii) Backswamps: deeps poorly drained, usually dark grey or black clay

loams and clays with prominent mottles'. They are Gleyic Cambiais

in the FAO Legend and Aerie Troraquepts in the USDA Soil Taxonomy.

ical ro 'le 3

loamy sand; friable moists nonsticky, nonplastic

wet; common fine tubular pores; few fine and coarse

roots; abrupt-wavy boundary.

Brown (10YR5/3) moist; san - lema; massive; friable

moist, slightly stiCky, slightly plastic wet; common

fine and few coarse tubular pores; few fine and

coarse roots; abrupt wavy boundary.



4C 170 cm Light yellowish brown (10YR6/4) moist; sand; single

grain, loose moist and dry, nonsticky, nonplastic wet;

poros and roots not recorded.

RaiLEILprofile characteristics

The thickness of the differe:At layers (alluvial strata) may vary widely over

short distances. Dominant textures are sand, loamy sand or sandy loam, sometimos

sandy clay loam. Drainage class ranges moderately well to imperfectly drained.

Eiivironmental characteristics

These soils occupy abandoned, usually 107-15 m wide levees formed by the

Rugufu river and its main tributaries. The dominant vegetation is grassland,

with dense groundwater forest in some areas.

Land use

None.

Soil anal tical data

Sample Depth
Text silt/
class clay
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cm 50-20 m 206-2 m

11.6527* 0-3/9 61 18 8 13 SL 2.03
28 3/9-10/15 58 15 11 16 SL 1.54
29 10/15..35/48 59 18 8 15 SL 1.72
30 35/48.-76/100 84 5 3 8 LS 0.95
31 76/100..170 81 4 2 13 SL 0.49

0.0 N c/N Exchangbable cationsCmeq/100g soil) Sum OEC soil

Na Ca Mg )

bases (sum)

1.47 0.16 9 0008 0016 2.40 0080 3.00 3.45 6.45
1.16 0.07 17 0.09 0.12 ,4.00 2.00 2000 6.22 8.22

0029 0004 8 0.08 0.06 2040 1060 ' 8000 4.13 12.13

0.19 0.03 6 0.06 0.03 2000 2.00 8.00 4.10 12.10

0.29 0.05 6 0.11 0.03 2000 2.00 4000 4.14 8014

pH Sum bases CEO clay base EC

H20 CaC12
clay meq/
100 g

meq/ ESP' saturation
cr/

PPm

(moho/cm)

5.8 5.0 27 60 1.27 53 0.0 0.21
5.4 4.0 38 50 1.15 76 000 0.18

5.5 5.0 28 81 0.63 34 000 0.11
503 4.6 49 144 0.53 34 000 0.10
5.2 4.2 33 65 1a32 51 700 0.13

Partible size distribution

Sand
Si

Clay



The colour of the A horizon ranges from very dark greyish brown to black,

and that of the B horizon from dark greyish brown to dark grey. Soil texture

usually varies from clay loam to clay.

Environmental characteristics
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Y.X21-2....21PaYile 133/1/49

Location: grid TJ 208 745

Date of examination: 5/5/78. Authors: J. Magogol E. Bomans

Landfonn: backswanp

Sito: flat, lees than 1% slope

Miororelief: pillarshaped termite mounds upto 15m high

Elevation: 1,280 m

Parent material: alluvium

Moisture condition: slightly moist to 60 cm, moist below

Groundwater: 80 cm. Drainage class: poorly drained

Rock outcrops/surface stones: none. Erosion/deposition: none

Au1 0-5/7 Black (10YR2/1) moist and very dark grey (10YR3/1)
cm

dry; clay loan; weak fine crumb; soft dry, very

friable moist, slightly sticky, nonplastic wet;

common fine tubular pores; clear wavy boundary.

Au2 5/7-20/23 Very dark groyish brown (10YR3/2) moist and dark
cm

greyish brown (10YR4/2) dry, few fine faint clear

brown (10YR5/3) mottles; clay loam; moderate fine

and medium subangular blocky; friable moist slightly

sticky7 nonplastic wet; common fine tubular pores;

counon fine and few medium roots; clear smooth

boundary.

Bw 20/23-55/60 Very dark greyish brown (10Y-R3/2) moist, common
cm

fine distinct clear strong brown (7.5/R5/6) mottles;

clay :oam; moderate modium subangular blocky; friable

moist, sticky, slightly plastic wet; many fine poros;

few fine roots; clear and smooth boundary.

Agb 55/60 cm + Greyish brown (10YR5/2) moist, many medium distinct

clear strong brown (7.5/R5/6) mottles; clay; moderate

medium subangular blocky; friable moist; sticky,

plastic wet; many fine and few medium tubular poros;

very. ±e,w fine roots.

Rano of rofile characteristics

These soils occupy flat backswamps formed by the Rugufu river and its main

tributaries. They remain waterlogged throughout most of the rainy acosan, but

are somewhat protected from river floods by the slightly raised, abandoned levees

of the floodplain. Most of the area is covered by short and medium grasses.



Sanple Depth
cm

11.6473

79

80

0.C. N C N

MAPPING UNIT Fr

This unit mainly consists of deep, well drained soils having a dark brown

to very dark greyish brown loamy sand a horizon, overlying a strong brown or

yellowish brown sandy clay loam to sandy clay B horizon. They are classified

as Dystrio .Ca05#014- in the FAO Legend and Ustic Dystropepts in the USDA Soil

Taxonomy.

0-5/7
5/7-20/33

20/33-55/60
55/60+

pH Sum bases

H20 CaC21 clay mcc-

1006'

Particle size dist
Sand Silt

50-20m 20-2m

34

33

34

21

CEC clay
meq/

on Text Silt/
Clay Caza clay

ExchanL-eable cations(meq/100g soil)

Na K Ca Mg ,H

base
ESP saturation

Sum CEC soil
bases (sum)

EC

(mmho/cm)

PPn
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Land use

None

S0 -al data

2.26 0.36 6 0.17 0,40 4.80 1.60 20.00 6.98 26.98

3.40 0,22 16 0.14 0.14 3.20 2,40 18.00 5.93 23.93
0.58 0.06 10 0.10 0.06 3060 1.60 8.00 5.36 13,36

1.10 0.12 9 ooli 0.09 4,40 4.40 1600 6.60 22.62

5.0 4.2 23 91 0.65 26 3.4 0622

4.8 441 18 73 0.59 25 1.2 0.17

5.0 4.1 17 42 0.74 22 1.7 0.13

4.8 4.2 14 50 0.48 29 3.4 0.11

16 20

12 22

16 18

12 21

BO CL 1621

33 CL 1.04

32 CL 1,08

46 0.74



Location: grid TJ 282 741

Dato of examination: 15/6/780 Authors: J. Magoge, E. Bomans

Lendform: old floodplain ridge

Sito: flat, 16 slope

Microrelief: none

Elevation: 1,280 m

Parent material: probably old alluvial deposits,

Ploisture condition: Dry to 30 cm, slightly moist to 80 cm, moist below

Groundwater: none. Drainage class: well drained.

Rock outcrops/surface stones: none. Erosion/deposition: none

A 0-5 Brown to dark brown (10YR3/4) moist and brown (10YR5/3)

cm dry; sandy loam; moderate fine subangular bloCky; soft dry,

friable moist, nonsticky, slightly plastic wet; many fine

and common medium tubular pores.; many fine and medium

roots; abrupt smooth boundary.

AB 5-20 Yellowish brown (10ER5/4) moist and light yellowish brown
cm

(10YR6/4) dry; sandy clay loam; weak medium subangular

blocky; slightly hard dry, friable moist, slightly sticky,

slightly Plastic wet; many fine tubular poros; few fine

and common medium roots; gradual smooth boundary.

Bwl 20-125 Strong brown (7.5YR5/6) moist and light yellowish brown

cm to brownish yellow (10YR7/6) dry; sandy clay; weak, medium

subangular blockyl friable moist, sticky, slightly plastic

wet; many fine tubular poros; few fino and medium, common

coarse roots; clear smooth boundary.

Bw2 125-150 Pale brown (10YR6/3) moist, few fine distinct clear red
cm

(2.5YR4/8) mottles; sandy clay; weak medium subangular

blocky; friable moist, sticky and slightly plastic wet,

poros and roots not recorded.

Noto: This profile is fairly representative of the soils of the unit, except

for the texture of the A horizon which is sandy loam instead of loamy sand.

of profile characteristics

The A horizon is usually loamy sand in texture, but rangos to sandy loan

in some profiles. The B horizon varies from sandy clay loan to sandy clay in

texture, and from brown or yellowish brown to strong brown in colour.
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These soils appear to be developed in relatively old alluvial sediments
under a vegetation of woodland with a ground cover of short and medium grasses.
They are on almost flat rids'es occupying a higher topographical position than

both tho activo floodplain arcas and lovee-backswamp system,

u d use

None.

ical data

C.C.
(i) %

C/N Exchangoable cations(me4/100g soil)
Na K Ca Mg H.

Text Silt/
class clay

SL 1008

SeL 0.61

0.30
SC 0.45

0.43

Sum CEC soil
bases (sum)
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'ronmontal characteristics

1.10 0.13 9 0.06 0.18 2.80 1.20 4.00 4,23 8023

0.81 0010 8 0005 0.16 1.60 2.40 2.00 4.21 6.21

0.46 0008 6 0,06 0.18 1060 2.00 6000 3.84 9084

0.41 0.07 6 0.06 0.14 2.00 1,60 10.00 3.80 13.80

0.35 0405 7 0,06 0.07 2.40 1.60 14000 4.70 18417

PH Sum bases CEO clay base EC
H 0
2 CaC12

clay mec

100g
mcg/ ESP saturation

PPm

(moho/cm)

5.1 4.3 34 65 0.68 51 5.8 0.16

5.0 4.2 21 32 0.76 68 2.5 0.10

5.0 4.4 11 27 0.66 39 0.1 0.07

5.2 4.5 10 38 0.43 28 0.2 0.05

5.6 5.0 13 49 0.33 23 0.3 0.07

Sample Depth Particle size distribution

( cm) Sand 5ilt Clay
50-20m 20-2m

11.6492 0-5 74 8 5 13

93 5-20 68 6 6 20

94 20-125 53 6 5 36

95 20-125 47 5 11 37

96 125-150 46 8 8 38
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A Q1_21.

INTERPRETATION OF SOIL ANALYTICAL DATA

The chemical characteristics of the soils of Mishamo Area and their possible

influonce on soil fertility are discussed in this Appendix. Table 16 gives the

average and standard deviations of the available analytical data in relation to

-L-he soil mapping units recognized during the survoy. A total of 15 individual

soil profiles were analyzed, the results of which are given in Appendix 3

together with the detailed technical descriptions of the profiles.

Owing to the limited number of soil profiles for which analytical data aro

available, there oten occur significant differences in the chemical character-

istics within -L-he soils of individual mapping° units. Those variations, as

expressed by standard deviation values in Table 16, are very wide in como cases.

On the other hand, tho average data of ,a givon soil mapping unit are not

significantly different from that of other units.

Reaction

The soils'of the arca are strongly to very strongly acid (IN20), sometimes

extremely acid (iCaC12). PH-1120 values range from 449 to 5,81 p11CaC12 values

from 4,2 to 5.0. No significant differences occur between topsoil and subsoil

values. The low pH values suggest high exchangeable acidity, probably. Al in

the exchange complex.

The average content of organic carbon ranges from about 1.%; in the topsoil

to 0.4 in the subsoil, which correspond to an organic matter content of 2.01, and

0.7 respectively. The deviations from those values are not high. The organic

matter is uuually concentrated in the upper 10-15 an, decreasing abruptly with

depth.

The total nitrogen varies from an average of 0.13% in the topsoil to 0.06

in tho subsoil. C/N ratios range between 4 and 16.

E7chL117'e:ble base

The total exchangeable bases is invariably low and there are little

differences between mapping' units. Values range from 73 to 3.6 100g soil,

No significant variations occur between topsOil and subsoil.



Uni t s

All soils

5.4 0.1 4
5.4 0.2 8

5.3 0.2 9
5.4 0.2 7,

0.10 0.09 2
0,02 0.01 3

0.14 0.09 6
0.06 0.01 5

0.10 4
0.29 7

3.6 2,2 6 0.17 0.07 6
200 2.0 5 0.28 0.17 5

2.5 1.7 3
3.3 5.3 6

3.1 5.3 4
1.7 4.8 7

Sum of
'bases

4.9 0 3
4 0.5 6

6.2 1.8 4
4.6 1.6 7

3.6 0.9 2

5.4 0.4 3

5.7 2.8 6

7.3 4.3 5
9.9 4.8 6

14.8 6.3 5

4.5 0.2 4 2,03 0.86
4.7 0.4 8 0.46 0.17 8

2 1.50

4.9 0.2 2 4,3. 0.4 2 1.19 1.50 2
5.8 0.3 3 5.0 0.3 3 0.22 0.05 3

5.4 0.3 6 4.6 0.4 6 1.32 1.02 6
ClieK e) ss 5,3 0.3 5 4.6 0.4 5 0.44 0.09 5

ts 5.7 2 1 8 2 0.17

1..53 -- 9
0.40 - 7

,2 1,6 4
2 2.9 5

.7 0.9 5
6.3 205 4

8,6 3.1
0. 6.7 7

0.9 3.0 4
8.2 - 7

5.1 0.2 2
10.4 3.0 3

5,0 - 2 4.2 2 0,95 - 2 0.12 2 8 2 4.2 - 2 0.17 - 2 4.2 - 2 7.2
5.3 0.3 3 4.6 0:3 3 0.40 0.05 3 0.07 - 3 6 0,2 3 0.13 0.06 3 4.1 0.5 3 1400 4.2 3

0,13 0.03 9 10 9 2.4 1.6 9 0.19 0.09 95.1 0.9 9 10 3.5 9
0.06 7 8 7 1.4 1.3 7:0.15 0.10 7:5.2 1.2 711 2.5 7

. dovicAie- s
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CS ts: topsoil
ss: subsoil
t trace

;,verazo
S cndard deviation

t 110.,:ler of samples

0.13 0.08 4
0,06 0.04 5

2,09 1.03 4
0.49 0.37 5

5.3 0.4 4 4.3 0.5 4
5.2 0.3 5 4,.4 0.4 5
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The Cation Exchange Capacity (CEC) is low to moderato, with an average of

10 mcq/100g soil which is about twice as much as the average of the total

exchangeable bases. This indicates a high exchangeable acidity (H and Al).

Base saturation values aro aloe low, often below

Dominant cations are 117 Ca and Mg; the Na values are always low and ESP

values are usually loss than 1%. Tho exchangeable K is gonerally low.

Salinity

All the soil scmples analyzed are nonsalinc. E.C. valuus usually do not

exceed 0.25 mho/cm.

Phosphorus

Available phosphorus is very low. Average values rango from about 3.0 ppm

in the topsoil to 1.5 ppm in the subsoil.

Thc main limitations zarding thc fertility of the soils of the surveyed

area are high acidity, low exchcago.capacity, low baso saturation and low
an -liming

phosphorus content. Fertilizer1 are thUs required to obtain good crop yields.

However as the response to fertilizer application is unknown, they should be

introduced gradually. Tho use of acidifying fertilizers such as :la ato of

ammonia is not recommended.

The organic matter levels under tho present conditions (miombo woodL'A

appear to be adequate. However, unless unitablo management practicos such as

crop rotations with a long fallow period, growing of leguminous crops, recyling

of organic residuos, etc, oro adopted the soils will be depleted of organic

matter in a short period of time.
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A mapping unit in which two or more defined taxonomic units occuring toger,

ther in a characteristic pattern are combinen becaUse the:scale of map or the

purpose for which it is being made does not require delineation of the individual

soils.

CoLl.uvilom
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GLOSSARY OF TEITS

Alluvium

The material, such as clay, sand, silt and gravel, transported and deposited

by a river.

Assoo tion .Soi

A mapng unit where two or more defined taxonomic units are so intimately

intermixed that it is undesirable or impractical, because of the scale being

used, to separate them. A more intimate mixing of smaller areas of individual

taxonomic units t44an the:tdescribed under !soil association!.

Cuesta

An asymmetrical ridge with cstoepscEixp slope and a gently baCkslope or dip

slope, following the direction of the dip of the adjacent rock beds. Cuestas

result from the uneven erosion of inclined, alternating weak and resistantrodk

strata.

The anglo at which a rock stratum is inclined to the horizontal.

Drainage

A general appreciation of tae moisture conditions of a soil, based on runoff,

soil permeability and internal discharge of excess water. Seven classes are

distinguished:

Very poorly drained: water is removed from the soil so slowly that the

water table remains at or on the surface thegreater part of the time,

A deposit of loose, unoonsolidated mixed material, found at t . of a

slope. Colluvium includes materials which have reached the foot of slope by

soil creep, humid surface wash or mass movement.
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Poorly drained: water is removed so slowly that the soil remains wet

for a large part of the time. The watertable is commonly at or near

the surfaca -durIng a considerable part of the year.

Imperfectly drained: water is removed from the soil slowly enough to

keep it wet for significant periods but not all of the time.

Moderately well drained: water is removed from the soil somewhat slowly

so that the profile is wet for a small but significant part of the time.

Uell drained: water is removed from the soil readily but not rapidly.

Uell drained soils commonly retain optimum amounts of moisture for plant

growth after rains or irrigation.

Somewhat excessively drained: water is removed from the soil rapidly.

Excessively drained: water is removed from the soil very rapidly.

Grouwater table

The upper surface of groundwater or that level below which the soil is

saturated.

Ironstone

Highly weathered iron,-rich clayey material that is irreversibly hardened

to concretions, hardpans or crusts, more or less mixed with quartz of other

materials.

Mottles

Snots in the soil profile with a different colour than the soil matrix.

Their presence is usually indication for impeded drainage conditions in the coil.

fermeabilitz

The ease with which a soil or soil layer permits circulation of air or

water. Permeability is closely related to the texture and the structure of the

soil.

ty

The proportion of void spaces to the total soil or rock volume.
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Rogolith

The loose incoherent mantle of rock fragmenta, coila andweathorod material

which rest upon solid rock. Regolith is not a synonym for soil. It is the

unconsolidated material from which soils can develop.

Soil conservation ractices

Those soil management practices primarily meant for protecting the soil

against erosion. Many of these practices also have beneficial effects on soil

fertility and water conservation.

Tho most important soil conservation 1Dractices are:-

Crop residues: residues of the crops are plowed under, left on the soil

surface (mulch) or partially mixed in the soil surface. Runoff and

erosion caused by wind and water are reduced. When plant uLAerials are

used as a mulch they provide maximum protection to the land; when

incorporated they provide less protection against erosion but have

stronger effect in conserving soil fertility.
Minimum tilingo: tho least tillage needed to produce crops. The purpose

of this Practice is to avoid the rapid breakdown of soil structure,

decomposition of organic matter and moisture losses that wuuld accompany

intensivo tillage.

-4 Cover crops: any crops that are planted or allowed to grow for the purpose

of keeping the soil covered. Besides protecting the soil from erosion by

wind and water, they can be incorporated as green manure and smother

weeds.

Mixed cropping: The concurrent cultivation of two or mere crops on the

some field. This method provides a better and longer soil cover, especia-

lly when harvest does not take place at the sane moment. In some cases

the method allows a more efficient uso of soil moisture and nutrients.

Tied ridging; system of alternating furrows and ridges across the slope

with small dams in the furrows at regular distances in order to prevent

the water from flowing over largo distances. Runoff is retarded, thus

reducing soil erosion and improving water infiltration.

Strip farming: a system of alternating strips of closegrowing erosion

resistant crops (e.g. grass) or natural vegetation and strips of wider

spaced crops (e.g. maize) Perpendicularly aligned to wind direction or

slope this practice cuts down erosion by wind or runoff.




