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(i)
ABSTRACT

This report describes a soil survey of the proposed refugee settlement
area at Mishamo, llpanda Disitrict, 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 Tanzenia.

About 1,000 sgekme. 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 1350,000.

The major soils of the area were identified and describedy and their
suitability for agricultural use in particular for rainfed crop production

wag evaluated.

Six physiographic units were recognized. Purther sub-divisions of
these units were made takimeinto account the kinds of soils and their
inherent soil fertility, slopey erosion hazards and other factors which

are likely to restrict agricultural production in the future.

Lbout 54 percent of the surveyed area is suitable for the production
of a wide range of upland crops and can be recommended for the setitlement
of refugees. The remaining land, though not suitable for intensive culbi-
vation of upland crops, can be used in other ways according to the
characteristics of the site. Some areas are suitable for cultivation of
Paddy Tice; other arecas are only suitable for production of firewood,

charcoal eice
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INTRODUCTION

BACKGROUNT AND IMPLIMENTATION

The soil survey and related land use suitability study of Mishamo Area,
Mpanda District, Rukua Region, were undertaken by the National Soil Service
Project in order to assist the Minisiry of Home Affairs and the United
Nation's High Commissioner for Refugees (UNHCR) in the establishment of a
gsettlement for 30,000 refugees, the immediate objective being to reduce the
excess of population of the Ulyankuly Refugee Seltlement, Tabora., This
survey follows a recent viability study of 3 potential sites, in which
Itighamo 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,
1976 by Js Magoggo, Agre Research Officer; Ao Kiwelu and L. Dagga, Agre
Tield Assistants; E. Mosha, Recorder; E, Bomans and J. Hof, FAO
Associate Experts; and E. De Pauw, FAO Soil Survey Officer,

. were
The derial photographs of +the area/interpreted by J. Hof and E,

Domansj FAO Associate Experts. The chemical analysis of the soils were
conducted at the Central Soils Daboratony; ARI Mlingano, under the
supervision of Re Menon, F40 Soil Chemist. THe report was prepared by E.
Bomans, FAC Associate Expert and J. Magoggo, Arg. Research Officer; it was
reviewed and edited by E. De Pauw, FAO Soil Survey Officer; and E.J.

Espinosay Project Manager.

The report includes 3 main chapters, several technical appendixes and
a soils map at a scale of 1:50,000., In Chapier 1 the cnvironmental factors
of the surveyed area are described, in particular the geology, physiography,
vegetationy land use and climate., In Chaplter 2 a general account of +the
g0ils 1g followed by a description of the mapping units established during
the survey and shown on the accompaning soils map. Chapbter 3 discusscs
the suitability of the area for crop production and scbtlement of refugees,
The Appendixes are mainly intended for soil scientists as they include
detailed technical descriptions of the soils, soil analytical data, mcthods

of soil survey methods for evaluating land suitability, etce



(iii)
SUIMARY OF CONCLUSIONS AHD RECOMMIENDATICHNS

Te A total of 609 sqg.km. approximately (54%) of +the surveyed area,
included ' mainly in mapping wnite Pw, Cuw, Clw and Pr, are suitable for
a sustained production of a wide range of rainfed, upland crons. They
should be preferred for the settlement of refugees.

-

2¢ The remaining land is not sultable for intensive culbivetion of upland
crops, but can be used in other ways for the sustenance of refupgees. A
total of about 60 sg.kine., occuring mainly in mappin, units Cup, Clp, Fo

and Ta are moderately +bo nighly sultable for paddy rice cultivetions.

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

trees in places; etc.

3. About 6,000 families (30,000 persons) can be settled in the surveyed
area. ot less than 10 ha. of agricultural lond need to he allocated to

each family, as ber a recent URIICR viability study.

A. 'The main congiraints for a sustained crop production are the low
netural fertility of the major solls and the severe risk of soil erosion

on the ziteep and sloping land.

5 Crop rotvations having a short period of cultivation followed by a
long period of fallow are recommended for the area as a whole. Uere it
necessary continuous cropping can also be practised in wnits Pw, Cuwy

Clw and Fr, but thiz would require heavy application of Fertilizer and/or
Manure s

6s  As the response of soils +t0 chemical fertilizers is unkmown, they
should be introduced graduallye. Particular abttention should be given to
the utilization of crop regidues,; cultivation of leguminous crops and
application of farm manures vhere possible. The feasibility of using

human wastes 1n the near future deserves studye.

7. TRecommended soil congervatlon practices %o coatrol soll erosion,
mainly in mapping wnits Pw and Cuw, inclnde contour culbivation, tioed-
ridging, cover crops ond mixed cropping, and minimum tilloge. Drainage

ways and mapping unit 1 should be kept under vegetotive covers
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GENERAL DESCRIPTION OF THE AREA

LOCATION, POPULATION AND COMMUNICATIONS

The Mishamo Area is located in the Northern part of Mpanda district,
Rukwa Region, between latitudes 5°30'S ahd 5°45'S and longitudes 30°15'E
and 300453E. It is situated along the road Mpandarﬁvinza, mainly west of
ite Uvinza is about 70 km to the north~west, Mpanda at nearly 120 km to
the south~east and Lake Tenganyika at about 70 km to the west. Elevation
above sea level ranges between 1,000 and 1,600 ma About 14000 sqekmne

were surveyed.

There are scatbtered inhabitents in the area. They meinly include
road workers living in temporary quarters along the Mpanda~Uvinza roade

However there is evidence of abandoned, older settlements in some places.

The only means of surface communication is the all-weather, nonw
metalled road linking Mpanda with Uvinzae. The western and central parts
of the surveyed area are virtually inaccessible and can only be reached

on foot or by car along bushtrackss

From Uvinza there are rail links with Kigoma, Tabora and Dar-es-Salaan

through the Central Line. A railway connects Mpanda with Tabora.

Telegraph facilities exist in both townsy telephone only in Uvinza.

GEOLOGY AND PHYSIOGRAPHY

The Mishamo Area is included in the Bukoban geological systems The
geologicai substratum consists mainly of layers of hard, medium o coarse
grained quartz sandstones alternating with shales. Conglomerates and
siltstones occur ag 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.

Pive main physiographic units were recognized during the surVe~y. 4
schematic cross-—section showing these wnits as well as their relationships
with the dominant geology and soil mapping units is given in the

accompanying Soil Map.

Plateaux In the surveyed area the plateaux occur at +two main levels of
elevation. In the northern and north-ecastern areas they lie betwecen
1,500 and 1,700 me above sea level, whereas in the western and southern
arcas elevations range from 1,000 to 1,400 m, only. Topography is
wdulating with dominant slopes of 2 to 8 pepcen%; There are also some

nearly flat depressionse.
P
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Weathering of the shales has given rise to a thick,; loamy regolith
with scattered rock oulcropse On the other hand, westhering of the
sandstone has developed a thick sandy regolith, with abandanf rock owle

crops and bouldersa

Escarmments They arce usually nearly vertical cliffs of sandstone and

shaley with associated bouldery slopes and coarse debris at the foot.

Colluvial footslopes The areas lying between the cscarpments end either

the valley floor basement or the floodplain are occupied by colluvial
footslopes, which mainly consist of unconsolidated colluvial moterials
from the escarpments. Coarse and fine textured materials are intormixed;
socmetimes stratified. They are derived from sandstones, shales and

siltstonese

In cross—section, 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 sub~units were recognized:

Upper parts, 2 — &% slope
Lower parts, 1 = 2% slope

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

occupying the major part of the Rugufu valleyy south of Magunga Hille.
Slopes do not exceed 1 percent. The area is characterized by the presence
of a contineous ironstone layer near or at the surfacce This layer was
probably formed of soft, iron—rich materials in a period of more impeded
drainage than at present. When lowering of the base level caused
incision of the river systbem, drainage improved, and the ferruginous
meterials hardened to ironstone. The looge soil meterial covering the
ironstone was probably removed by erosion, The weathering-resistant
ironstone formedavalley, which is being covered at present by colluvia
from the footslopese 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 retreats.

Floodplain This unit includes almost flat, reletively narrow areas
along the main channels of the Rugufu river system. Most of the unit
is occupied by an active floodplain, subject to flooding and yearly
deposits of mainly clay and silt. Some areas consists of a system of
narrow lcvels and slightly lower backswamps, which are occesionally
flooded during the rainy seasone. There arc also a number of older
floodplain ridges occupying a higher topographical position. These

ridges are not subject to flooding.
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HYDROLOGY

The porosity of the sandstones and the. relctive impermesbility of
the shales provide a good water catchment system. Large amounts of
watery stored during the rainy season, appecar to be relezsed slowly
throughout the year. Water infilirating the colluvial materials of the
footslopes drains towards the rivers. This could explain the perennial
nature of the rivers and the presence of geasonal groundwater at a

shallow depth in the soils of the footslopess.

The principal river draining the area is the Rugufu, flowing into
Lake Tanganyika. This river has formed a nerrow flood plain, with a
system of levees and backswamps., The Musihasi river and a number of
its tributarics have intermitient courses., In some rocky arceas the

water flows either over or wnderneath the river bedo
features

The river pattern is Largely determined by geological/such as dip
of strata and fractures in the substratums This is inferred from the
dominant dircction ( SE-IW rnd NE-SW) and some abrupt, right~angle

changes in river courscs.

VEGETATION AND LAND USE

The Mishamo Area is covered by iittle-disturbed woodland and grasse
land. Brachystegia, Piercosarpus (Mninga) and Terminalia spe are the
dominant trees. Distribution of the species and density of the
vegetation cover appear to be closely related to some sgoil 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 arc raree
On the drier, sandy parts of the plateaux open spots with tall grass are
commons The woodland on the rocky parts of the plateaux is less demse

or even scantye

The escarpments and boulidery areas carry a scanty tree cover and

patches -of grasses,

Woodlend also covers the footslopesy but it is gemerally denser and
taller than on the plabteavx. Terminalia species are abundant, cspecially

where soils are moderaieiy well or imperfectly drained, Tall grass is

common on the steenest paris of the upper footslopess

The valley floor basement, with its ironstone layer near or at the
surfacey is covered by open woodland with rathex small,, contorted
trees,

River courses are ccommonly fringed with dense forest, Most Swamps

are covered by grasses.
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CLIMATE
The cilimate of Mishemo 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 surveyed area, bul no
data are yet available as the station became operational two years ago
onlye Instead date for Mpanda and Uvinzea are given in Table 1.
Although Mishamo Area is nearer to Uvinze than to Mpanda, the data
from the latter seem more relevant, as elevations above sea level are

similare

Temperature records (six years observations) for Mpanda (12, 13),
show that the coolest month is June with & mean maximum temperature of
29.800 and a mean minimum temperature of 10.100. October appears o
be the hottest month with a mean meximum temperature of 3400 and a

mean minimum temperature of 16.9°Ca

e nre o
Pemperatures in Mishamo Area are expected to be 1 4o 2°C lower

due to the higher elevation.

The mesn annmuel rainfall for Mpanda, calculated over the period
1959=197Ty is 1266 mm with a stondard deviation of 193 mm, This
Jpdicatés that in four years out of five the annual rainfall can be
expecﬁed to exceed 1100 mm and in nine years out of +ten to exceed 1020
mme Most of the precipitation falls in the rainy seakon from November
to Aprily without prolonged dry spells. Pecks of rainfall occur in

December and March. No rainfall was recorded in July-—Auguste

Potential evaporation is high. However, according to Niewolt (11)
there is a balance between evaporstion and rainfall, and even an small
water surplus can be expected in the rainy season from November through
April, Water deficits in this period for general agriculture are

rather unlikely to occure



Table 1 = Rainfall

MPANDA
Mean monthly rainfall (mm)

Standard deviation (mm)

UVINZA
Mean monthly rainfall (mm)
Standard deviation (mm)

i

J
188
62

123
45

F
194
81

135
47

1
277
140

148
54

182
I

157
58

M
36
12

36
41

J
11

46

O

25
21

35
40

98
63

N
161

116

149
60

D
228

70

173
63

Year
1266

193

950

Sources
Rainfall for IMpandas

Rainfall for Uvingzas

Average from 18 years, 1959-1977

Average from 28 years, 1946-1974

Meteorological Department, Dar es Salaam (3,4)
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SO0ILS

A general description of the soils of the surveyed area is given
belows Detailed technical desoriptions of individual soils together
with available amalytical data for them are given in Appendix 3 & 4 of
this reports £4n zccount of their classification in terms of inters

nationally accepted systems is included in Appendix 3.

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 and
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 1350,000. Instead the soils were described
and mapped in relation to the physiographic units in which they
occurs More specifically, a correlation was made of landforms,
landform elementsyparent materials and soil patternse. The crosse

section given in the Soils Map illustrates this correlaticn.

Soils of the Platesux

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 shales

Important areas are occupied by a complex pattern of shallow,
sandy and loziny s0ils and numerous sandstone outcrops and boulders.
The soils are developed in both weathered sandstone and colluvium
from shale. There are also areas covered by somewhal excessively
drained, deep, yellowish brown sands which are developed in
weathered sandstone. Sometimes these deep sandy soils occur associated
in intricate patterns with the shallow, sandy and loamy soilse They

could not be shown separately on the Soil Map.
The’ depressions on the plateaux are occupied by poorly drained,
deep ;darke-coloured sands. They occupy a very limited areae

Soil of the Iscarpments

The escarpments and associated bouldery slopes arc characterized
by a complex pattern of shallow, often gravelly soils and numerous

rock outcrops and boulders.
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Soils of the Colluvial Footslopes

The soils of the colluvial footslopes are developed in colluvial
material derived from sandstone, shale and siltstonc. These materials
are usually intermixed, sometimes stratified, and soil texbures often

vary considerably in & very irregular pattern.

The upper parts‘are @ostly coéered by well drained, doep, coarsge
to medium textured soils having brown %o very derk groyish brown fop-
s0ils and strong brown or yellowish red subsoilss Subsoil layers are
generally finer in texbture ‘than the topsoile In some areas adjoihing
the escarpments, the medium textured soils appear to be &o%eloped in
weathered siltstones there small rivers from the escarpmenits spread

out on the footslopesy soil drainage is imperfect or poors

The lower parts mainly include well drained; deep, coarse to
medium textured soils having dark brown o very dark greyish brown
topsoils end yellowish brown, strong brown or brown subsoils. Some
areas are occupied byimgdera%ely well. and imperfectly drained, coarse
to medium textured soi}s, often with common ironstone gravel below
zbout 1 m of +he su#faqea Topsoil colours are brown o0 very dark
greyish brownj depending on drainage conditions the subsoil may be
strong brown, yellowish brown or pinkish grey, with prominent red

or strong brown motiles.

There also ocour imperfectly an&”@raiqed sbils atb the lower end
of the ooiluvial footslopes, where seepagelwater is ai/or near the
surface owing to the presence of compacﬁ ironstone or clay layers at
a shallow depth. These soils vary widely in texture from loamy send
to clays. Dominani tOpsoilv061ours are very dark brown, very dark grcy
or blacks thosé of the subsoil are grey or brown, often with promincnt

red mottles.

Soils of the Valley Floor Basement

This unit includes shallow, gravelly soils overlying am ironstone
layer ot less than 50 om of the surface. Where well drained; brown 1o
strong browm sandy loams 1o sandy  clay loams predominate, On the
other hand, the poorly drained sites are covered by darkecoloured sands

to sandy loamse. Boulders and ironstone oubcrops are common.

Soils of the Floodplain

The active floodplain is océupiod by poorly drained, deep clay loam
and clay soils, with a dark greyish brown, sometimes black fopsoil and
a massive or stratified, grey to dark grey substratum. These soils are
subject to shallow flooding by river water and remain waterlogged

throughout most of the year,
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The levecs include moderately well drained, pale brown sands,
loamy sends or sandy loams, which are usually strotified at less than
50 cm of the surface. In contrast the backswamps arce covered by
poorly drained clay loams and clays, which arc similer in character—
igtics to those of the active floodplaine. They are seasonally flooded

by river water up 1o a shallow depths.

The older floodplain ridges consist of well drained, gencrally
deep, coarse to medium textured soils heving brown Ho very dark
greyish brown topsoils and strong brown to yellowish brewn subsoilse

These soils arc not subject to flooding.

DESCRIPTION OF THE MAPPING UNITS

Seventeen mapping units were selt up during the survey and they
are described below in the same order as they are shown in the legend
of the S0il Map. The descripbtions are given in a tabular form, in

relation to the physiographic units in which they occur.

The descriptions indicate the kind of lamdscape within the
units where relevant how the different soils within the unit occur
in relation to the lendscape; the main identification featurcs of
the soils, which usually lie within the subsoil layer; drainege

characteristicks; vegetation and an estimate of the area.
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Areas 613 sgeokm 54% of surveyed area

Physiography

Soils

%

ions on plateau, 0.24 slops

grasses

Papping Unit Vegetation sgekm Y| of surveyed
: Area
Pu’ Plateau on weathered shele, Complex of deep, well drained soilse Brachystegia woodland with
“ moderately dissected; 2-Fh (i) Dark brown to very dark greyish ground cover of medium end| 354 3162
slope sands and loamy sands overlying short grasses
strong brown to ycllowish brown
sendy loams end sandy clay loams
( ii) As above, but sendy loams over
sandy cley loams
(iii) Less than 15% of unit. Soils as
(i), but yellowish red subsoils
Ps As Pw, but on weathered Well or somewhat excessively drained, Brachystegie woodland and
sandstone deep sands with very dark greyish spot of grassland 8 0.7
brown topsoil end yellowish brown sub-
soil
Pr As Pw, but mainly sandsiore Sendstone out crops: bourdders or Bere rock with some trees
ontorons Coomtineous ontoropes shallow soils g grancan 225 10 .8
/P 10 157
Pn Almost flat, shellow depress-— Poorly drained, deep, black to dark Grassland, mainly mediunm 7 0.6
greyish brown sends °
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SOILS OF THE SSCARPHINTS ‘
Areas 101 sgedm,. 8+9% of surveyed area

v . . : . : o e _
liapping Unit % Physiography Pl Soils Vegetation sqdan | % of surveyed arca
B Neerly vertical sondstone and shale | Mainly rock ouwtcrops and bhoulders | Bare rock with
or mere . ' 0
escarpments ( 100%,slore) with with patches of shallow, often some trees and 101 849
associated bouldery slopes gravelly soils grasses
(8-50% slope)




SOILS Of THZ COLLUVIAL FOOTZLOPES, UrPPER PoRTS . .
) TH L L 3 t Areas 95 sgekmes 8o.4% of surveyed area

Area
liepping Unit hysiography Soils Vegetation sgekme § % of surveyed
area

Cuw Hoderately dissected Gomplex of deep, well drained soils: Brachystegia woodland with

upper parts of ( i) Brown 10 very dark greyish brown ground cover of medium and

colluvial footslopcs, sandy loems overlying strong hrown short grasses 90 769

2-8% slope or yellowish red sendy cley loamy
sends

(ii) 4s =2bove, but sends or loamy sands
over sendy loams 1o sandy cley loams

Cusd e) Ls Cuw, gallicd thase | As Cuw Scrub )

P

Cup Gently sloping upper Conplex ofy
. parts of colluvial ( i) Imperfecily and poorly drained, Grasslend and wooded 3 063
footslopes, 2=3 clope brown and grey soils. Topsoils (Teminalia sp.)
are usually sandy clay loam, grasslend
sometimes sénd or loamy send,
Subsoils range from sandy loam 0
sendy clay - .

(ii) Less ¥hen 10% of unita. Moderately
well drained yellowish brown to pale
brown sandy loame and sandy clay
loams

Wote: In unit Cuw some soils have send or loemy sand texture througheut the profile,



S0TLS OF THE COLLUVIAL SLOPES, LOW

Lreas 180 saekm; 159% of surveyed area

Page 12

I
Hepping Univ Physiogrephy Soils Vegetation SQ oK, “r?% of surveyed
ares
Clw Slightly disscecied lower | Complex ofs
peris -of colluvial foot-— ( i) liell drained, deep sends or loamy Brachystegia~
slopes, 1—2% slope sands overlying sendy loams to sondy| Terminalia woodland
cley loamss, Topsoils are dark browm| with ground cover of 5 137
to very dark greyish browns subsoils| short and medium grass—
arc yellowsih brown, brown or strong| es
brown '
(ii) as above, but moderately well or
© dmperfectly drained soils, often
with red or sitrong brown motitles and
irons tone gravels below T m
Clw (&) s Clw, gullied phese is Clw Serub 1 041
Clp Heinly lower cnd of Complex of deep, imperfectly and poorly Medium grasses and
colluviel fooislores, drained soils of verizble textures: wooded grassland 24 241
with slowly permeable mainly sendy loams and sandy clay loams
substratum (ironstone) with ironstone or compact clay leyers
or compact clay leyers), Below 50 cme Topsoils are very derk
1-2% slope greyisk browm 10 black, subsoils are
brom or grey, often with prominent
red mottles
Woteg At the time:of the survey, the modsrztely well and imperfectly drained soils of unit Clw usvelly had groundweier between

50 cm and 2060 cm of the suxfeace.

n unit Clp the groundweter was usually at less that 50 om of the surface,




SOILS OF THE VALLEY LOOR BLSIEMENT

irea 97 sgokme 8.6% of surveyed arce

R
Hee
Mapping Unit Physiography Soils Vegetetion S0 oKifl o i % of surveyed
Lrea
Vo fimost flat velloy-flooxr Srallow, well drained,; often gravelly, Yoodlend with
begement, 0~1% slope brown to strong brown sandy loams to stunted, contorted
sendy cley loszms, overlying en ircnsione | trees 15 6.6
lever at less than 50 om of the surface.
Commorn: ironstone ocutcrops and boulders
Vp Almost flat deprecsions Ls Vw, Tut poorly drained, dark-coloured | Grassland or
and drainage ways, sands tc sandy cley loems. Few ironstone{ wooded grassland 22 250

0-1% slope

outcrops ond boulders

with stunted,
contorted trees
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: RLOODPLATY Area: 46 sguam, 4.1% of surveyed ares
! 3 1 Lrea
Mapping Unit Physicgrephy ! é Vegetation Y Bgekme % of surveyed
{ i area
% 3
i !
S ; . -
o Foorly droined, deep cloy looms and clays § Urmsslend {28 245
huving o dark grey o black topmoil over f {
grey or dark grey, massive or gtratified ? % !
substratum ! } {
e et e e et ], ") i O .
o ! Young nder fleodnlain,; Lssoclation oL Grossns, gmally {
e ~foderately well dralr (ablets o8 047 !
! brown, streiificd :
on levees ;
19
~Poorly dreined, scascnclly rlocded,
1 decp clay loems and clays in backe
i swemps] fopsoils are dark greyish broun
to black, subscoils are grey or dark
orey i
Fr Older Ffloodplain ridges, Well drained, decp loamy szxnds overlying Hoodland 10 0.9
0-1% slope sandy clay loams to sandy clays. Top-—
soile are derk brown 0 very derk greyish
browr; subsoils are strong brown or
yellcwish brown
Notes: Unit Po end the backswamp areas ol unit Fa are seasonally flooded by river water and remain waberlogged throughoul most

of thc growing seasOne
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Chapﬁezmi e

LiND EVALUATION

In this chapter the practical significance of the s0il differences
recognized during the survey, together with important envirormental
factors, are assessed in respect of crop production. More specifically
the soils, climate, physiography, drainage characteristics, soil
degradation processes, elc., are evaluated in relation to relevant kinds
of land use. This assessment is made taking into account the main
soclo—economic aspects applying to the surveyed arcas It may be noted,
however,; that detailed quantitative studies correlating social and
economic factors with physical land atbtribubes are beyond the scope of

this reporte

The principles and methods given in a Framework for Land
Evaluation;  FAOs(6), by meens of a land suitability classification
have been followed (Suitability refers to the fitness of a given typec
of land for a specified kind of land use). The different land wnits
recognized in the area arec evaluated below in terms of land suitability
classes in respect of nine land use alternatives. The raoting is
determined on the basig of five physical land attributes, which arc
considered as the most relevant ones for the purpose. In terms of land

evaluation these attributes are referred to as "land qualitics'.

LAND USE ALTERNATIVES

The land use alternatives, fer which suitability ratings are
iven, include most of the crops which are expected to be grown in
& ? p

Mishaemo Area in the ncar future. The crops under consideration ares

( i) Rainfed upland crops: Maize, Cassava, Sorghum, Sweet potatoes,
Beans,; Groundnuts and Tobaccos

( ii) Paddy rice, which is grown on land that is waterlogged for
most of the growing season; and

(iii) Woodland, mainly for firewood and charcoals

I+t is assumed that the crops are grown in smell holdings, with low
capital inputs, high labour intensity and no or little mechanizatione
Other inputs include light or moderate application of fertilizery and
gome minor management practices such as contour farming, ridging,

mulching, simple flood protection mezsures, ctc.
Land use clternatives which may descrve attention in the future
include fruit trces, soya beans, vegetables, sunflower; forage crops;

rangeland; etce
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The main ecological requirements of the crops under consideration arce given
in Table 2, The reguirements, as shown in thiz table, are of a goneral
qualitative nature only and may vary with different plant varicties or
management practices. Water/soil fertility recuirements and susceptibility
{0 waterlogging are expressed in relative terms such ag high (H), medium (1)
and low (L),

Peble 2 — Main ecological reguirements of relevant crops ~ Mishamo Area

RPN —

Watber S50il fertility § Susceptibility |
Crop requirements requirements to waterlogging Remarks
Maize B H I { Very susceptible

2 %0 dry spell in |
j critical growth |
stagscs !

i
{
Beans H M q - |

Cassava L L u {1 fber develop-
ment is restric
ted in s}allow/
clayey/stoney
soils

Sorghum

<t rm o ot e b

Groundnuts | M M 31 Hervesting and ¢

: nut development ;

are hampered in :
herd/clayey

soils é

i

Sweel -~ L M M Tuber develop=

potatoes ment is restrioﬂ

|

|

i

ted in stony/
claycy soils

Tobacco " M q Fluewcured typesi
are best grown

i on light and
medium btextured
soils 5

Soilg should he
level and should
maintain sur- §
face water i

Paddy rice a H L

Root developw
ment ig restric-
ted in shsllow
soils

Woodland i L L M

H: high M: medium s low
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In preparing the table most of the data have been faken from a
number of publications on tropical crops, notably Dast Lfrican Crops
by Acland (1), Guide for Field Cropg in the Tropics and the Subtropics
by Litzenberger (9), Menual for Land Suitebility Classification for

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

Dcorenbos and Pruit (2).

LAND QUALITIES

A land quality is a complex attribute of land which acts in 2
distinet mammer in its influence on the suitability of land for a
specific kind of usc., Examples are moisture avallability, flooding
hazard, nutritive valuc of pastures, ebtcs Land qualities are combina~
ftions of individual land characteristios which are attributes thet can
be measured or estimated, such ag rainfall, available water holding
capacity, texture, slope angle, elce As land qualities conmol be
measured directly, they arve usually rated in rclative terms such as
good, poor ctc. based on the measured land characteristics which

determine them,

The five land qualities that have been selected for assessing the
suitability of the land unite established in the surveyed arca are
moisture availability, soil fertility, drainage conditions in the
growing season, crosion hazards and capability for maintaining surface
waters. These land qualities are believed to be relevant to the land

use alternatives under congideration.

Moisture availability

The moisture in the soil which is available do plants is determined
by two major factors: the water supply by rainfall and/or irrigation
and the available waterwholding capecity of the soil.

The water supply tnder 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 cepacity 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.
goil fertility

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

It mainly refers to the presence of plant mubrients in the s0il end
whether these nuirients are readily available to the plentse. Main
parameters are nitrogen content, available phosphorusx exchangeable

potassium; cabion exchange capacity, base saturation and 501l reactlon.



Drainage condltions in growing season

Soil drainage refers to the rapidity and extent of the removal of
water from the soil, in reletion to additions from rainfally surface

run-off and groundwaber seepage.

The draidage sondition -of a soil is estimated by the freguency nd
duration of the periods when the soil is saturated with woter. It is
also inferred from soil characteristics such as textburey structure,
colour; mottling; quality and quentity of orgamic matter as well as

topographical position and groundwater levels.

Erosion hazards

In the surveyed areca, this land quelity refers mainly %o the
susceptibility of the soil to water erosion. The susceptibility depends
on a mumber of Factors such as rainfall ( total rainfall, intensity end
frequency of showers); slope gradient and slope lengths soil evodibility,
which is the inherent susceptibility of the soil to detachment by rainfall
and transport by run-—off; and the vegetative cover. The risk of soil
loss by wind erosion appears to be insignificant and is not considered at

present s

Capability for maintaining surfuce water

This lend quality is used only for rating sultability for paddy rice.
which is a crop thet grows well in waterloggzed or shallowly flooded soils.
Thits soils on which surface water com be maintained arc mcst favourables
This cepability Gepends oh soil drainege, permeability, infiltration

rate, texture, slope; ctos

Roting of the land qualities

The rating of the land quolities in respect of the different land
units established during the survey is shown in Teble 3. The methodology
and technical specifications used for this roting are given in Appendix

2 of the report.

Bach lend guality is rated as good, moderate, poor or very poor for
agriculture in general. The code numbers given to these retings are
1y 29 3 and 4 respectively., The ratings also roflect how sovere a given
limitation is and to whot extent it may restrict the use of the land.
For ingbtonce roting poor for erosion hagords indicetes the prescnce of
severe erosion hazards, the need for adeguate protection meoasures and/or

what kind of land usc 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

23

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

production. In some land units moisture availability is an importentd

limiting factor as well.

To- The limitation of soil fertility is severe throughout the area,
which implies in general that good crop yields cannot be susbained
without the use of fertilizer and/or mapures, The low soil fertility can

b corrected with relative ease in most of the areas

~ Rating of land gqualities per land wnit - Mishamo Lrea

Lond unit Land quality

Mapping Moisture Soil Draoinage Erogion | Capebility for

it avoilability | fertility } conditions | hazards { maintaining surface

in growing water
season

Pw 2=3 3 { 1 34, 4

B, 3 3 ‘ 2~3 4

Pr 4 4 1 73 4
Pr/Ps 34 3l 1 3. 4

Pm 2 3 4 1 4

B 4 3t} 1 4 4
Cuw 1% 3 1 3d. 4
Cuw ( e) Jem2% 4 1 4 4
Cup 1 3 34 1 2

Clw Jem23 3 Joe2 2 4
| Clw (e) P 4 1 3 4

Clp 1 3 4 2 2

Tw 4 2 1 1 4

Vp 2 2 4 1 Lo}

o 1 3 4 1 1

Fa

Levees 3 1 4
backswamps 3 1 1

Fr 2 3 1 1 4
Notes# * Depending on soil texture (coarse textured soils get lower ratings)

and/ or depth to groundwater tables
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However, in unit Ps, owing to the low capacity of the soil For retaining
both water and nubrients and its high permeability, substantiel losses of
fertiliger by leaching are to be expected. Dry spells,; in some yearsg, nay
adversely affect the crops due +to an increased concentration of salts in the
upper soil layers. It is preferable, therefore, that chemical fertilizers

be introduced gradually in order H0 gain experience in their use,

On the other hend the soil fertility may be maintained, or cven enhanced,
by a combination of management practices, such as crop rotations with a long
fallow period, cultivation of leguminous crops and application of farm
manures (if available) and crop residues. The feasibility of using human

wastes deserve study in the near futbure.

As discussed above the appraisal of soil fertility is based on avallable
analytical data only, not on controlled field $rials. Therefore no detailed
recommendations can be made at present. Also no information is available on
important micro-nutrients such as borony copper, zinc or sulphur. L detailed
interpretation of available mmalytical data in relation o soil fertility is

given in Appendix 4.

2.~ Since nearly all of the surveyed area is under a protective vegetoative
cover, little or no evidence of damage by erosion,; such as rills, gullies
or truncated soils were observed during the survey, except in Units Cuw(e)
and Cl{ e)s In the absence of severe damage, the susceptibility of the
soils to water erosion is the main factor which ig taken into account for
the rating of the land cuality "erosion hazords'.

Owing to the high amount of rainfall, the intensity of the rainstorms
prevailing in the area and the susceptibility of the soils to crosion, land
units Iy Pw and Cuw, and to a lesser extent unit Ps,; may be damaged by water
erosion, especially if they are brought under intensive cultivation. To
avoid severe degradation, the steep escarpments of Unit E should be left
wader vegetative cover. On the other hand, soil comservation measures such
as strip farming, contour ridging, vtc. would need 4o be adopbed in wnits
Pwy Cuw end Ps. In this respect it should be noted that wnits Cuw(e) end
Clw(e) show scvere damage by gully erosion, which appeers to be the result

of inadequate farming practices in the post.

3o The moisture regime of the surveyed arca is characterized by a water
balance or even a small surplus in the rainy season, whereas potential
evapotranspiration largely excceds rainfall in the dry season. The growing
season is seven o eight months long, but owing to the pronounced rainfall
vardiability there is the risk of dry spells in some yecars. Hence the
moigture availability for crop production depends to a certain extent on
the capacity of the goils for storing water in the root zone., This
cepacity is good to moderate throughout most of the area, but it is poor in

unit Ps amd very poor in units Pry I and Vw.
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4o Toor drainage conditions is the growing gcason preclude the culii--
viblon of upland crops in units Pm, Cup, Clp, V», Fo and backswamps of

unit Fas They imply no restriction in other areas,

5« The soils of units Fo,y Clp, Cup, the bockswamps of wnits Fa and o pard
of unit Vp arc comsidered to have good to moderate capability for maintaining
surface water for rice cultivation. The remeining soils are roied ag very

poor in this respect.

LAND SUITABILITY CLASSIFICATION

The process of land suitability clessification is the appraisal ond
grouping of specific areas of land in terms of their sultability for
defined used. According to the terminology given in a Framework for Land
Evaluctiony FAO ( 6), the classification adopled for the surveyed area is
a "qualitative classification®,; in which the rclative suitability of
different land units rccognized and mapped during bthe survey arc expressed
in quelitative termg only,; without precise calculetions of costs and
returnse It is olso classed as "ourrent suitability'; which refers to
the suitability for a defined use of land in its prosent condition, or
with some minor improved management practices only. Mojor invesiments
on irrigotion, lend levelling, flood control, ctc. appear to be unpracitical

within the provailing socio~cconomic context of tho arens

L

Four lend suitebility classes have been reccognized. They arc described

below in scquence of decreasing degree of suitability.

Cless 81: Highly suitable land

Al
N

O

Land having no significant limitabions to sustained application
given use, or only minor limitations that will not significently reduce
productivity or benefits ond will not raise inpubs above an accepbable

level,

Class S2: Moderately suitable land

Lond having limitetions which in aggregete are moderatbtely sevore for
sustained application of o given use; the limitotions will reduce produce
tivity or boncefits and increase regquired inputs to the extent that the
averall adventage te be goined from the usey although s4ill atbractive,
will be appreciably inferior to that on Class 81 land.

o

Class 53t Marginally suitable lend

Lend having limitations which in aggregate arc scvere for sustained
application of a given uge and will reduce productivity or benefits, or
increase required inputs, thoet this expenditure will be only marginally

Justified.
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Class N: Hot suitable lond

Land having limitations which appear so severe as to preclude my
possibility . of successful susteined use of the land in the given menner;
or the limitations may be surmountable in time bub cannot be corrccted

with existing knowledge at currently acceptable coste
LAND SUITABILITY CLASSIFICATION OF MISHAMO AREA

The different lard units recognized during the survey of the crea
and shown on the soils map are rabed in terms of land suitebility classcs,
in respect of relevent land usc albernctives. More specifically the
rating involves the confrontation of the physical crop requircnents
(Table 2.) with the lend qualities (Table 3.), in order to give a

prediction of crop performance.

In correlating these factorsy it may be noted that a scvere or very
severe limitation for agriculture in general, as indicated by rating poor
or very poor of a specific land quality, will yet not cause o limitation
for every one of the Jand usec alternotives under consideration. IExamples
arc poor drainage and severc risk of =oil crosion. Poor drainage is o
severe limitation in the case of rainfed uplend crops, but not for rice
cultivation. Strongly sloping land may be lergely destroyed by gully
erosion if cultiveted with maize, yot this condition is not severcly
limiting for trce crops which give a good protection $o the land. Thus
in assessing the sultcbility for the different lend use albernatives,

different weight is given to the rating of these land qualiticss

The land suitability clossification of the lend units rccognized

in the surveyed arca ore given in Teble 4. From this rating it follows

1o Units Pwy Cuwy Clw and Fr arce considered as highly sultable for
sorghum, sweet potatocs and woodland; moderately suitable for maize,
beans, cassava, groundnuts end tobaccoj and not suiteble for paddy rice;

2. Unit Ps is moderatcely suiteble for woodland and droughtercgsitent
crops such as cassave, sorghum, groundmits and sweoet potatoes; marginally

sultable for maize, beans and tobaccoy and not suitcble for peddy rices

3¢ Depending on the soil depth to hord rodk, unit Pp/PS ig modcerately
or merginally suitable for woodland; moderately or not suitable for
cassavas sorghum, groundnubts and sweet potatoesy end not suitablce for

paddy ricog

4s Units Cup,y Clp, Fo and the backswamp soils of wnit Fo arc rated
as highly or moderately suitable for paddy rice; end not suiteble for
most upland crops and woodland, Simple flood control measures, such as
cmbankments, are required in units Fo ond Fa. Depending on soil texbure
anq/or depth, some areas of wnit Vp may be also considered as moderately

to be

Ll

guitable for rice cultivation. However, these arcas need ye

identified and mopped.
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einfed uplan

d crops

Mopping Arca lMeize Boons Cassava Sorghum  Groundnubs Sweet Potato Tobacco lPa&dy rice ' Woodland

unit s aki.

B 3524 o 52 82 s2 1 82 1 2 N 51

Ps 8 83 s3 52 52 s2 s2 83 H S2
Pr 205 N N b} b B i} i i} S3
Pr/Ps 19 WeS3%  NeS3%  HeWS2%  NeS2% 523 H-g2% Te533 il S3-g0%
o 1 i N H b} b i} I} i

E 101 ) i N i N N 1 NS3¢
Cuw 90 £2 s2 s2 81 s2 89 82 N 51
cul ) 2 K i} S3 i N 83 N N S2
Cup 3 ki i b S3 i} 33 I s2 i}

Clw 155 52 52 S2 81 s2 51 s2 I S1
c1l &) 1 g it} 83 i} i) S3 i} i) s2

Clp 24 i} i} N S3 i} S3 i s2 N

Tt 75 b it i} i} i} i} N N S3

Vp 27 i} N I i} i} i} it 523 i

Fo 22 i i i X u ¥ i} S+ H

Fa 8 (levee) N n 83 83 S3 S3 N N S3

( backswamps ) N i) N N i) 83 i) S+ W
Fr 10 S 82 S2 s2 S1 82 51 s2 i) 51

Total area:

1,000 Sqekme

% Depending on soil depth and/or texture

+ hssuming simple flood control measnures



5e Units Pry Vu; B, Pm and the levee soils of wnit Fe are not

suitable for most upland crops and paddy rice; and either merginally or

not sultable for woodlend.

6o Units Cur( e) end Ciw( e) are considered as noderately guitable

for woodland; and not suitable for most upland crops and paddy rices
RUCOMMENDATIONS

The mein congtraints for a sustalned crop production in the surveyed
area are the low naturul fertility of +the soils and the severe risk of
801l erosion on the steep and sloping arcas. Unless improved menagement
practices arc 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 mades

1o Crop rotations

. Crop rotations heving o short period of cultivation followed by a long
period of fallow are recommended for the arca as a whole, in particular

for mapping wnit Ps vhere sandy soils predominate.

Owing %o population pressure, it might be necessary to shorten the
fallow period in the near future, In bk respect it should be noted
that the soils of mapping unit Ps 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 the rotabions, espcelally
when fallow periods are kept short. Conti@ueus cropping could also be
practised on units Pw, Cuw, Clw and Fr, but this would certainly require
improved management practices, including heavy application of feritilizer

and/or manure o

2s Controlled Tertilizoer use

e, PSP

The limitotion 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 rige cultivation, namely Fw, Cuw, ¥Fr, Cup, Clp,

Fo and the backswamp soils of wnit Fa, the soils are expected o respond
wells In contrast subsbtential losses of fertilizer by dcep percolation
may occur in unit Ps. It is prefersble, therefore, that chemical
fertilizers be gradualily introduced so as 1o gain oxperience in their
use. As far as possible;, this should be supported by comtrolled field

trials.
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For the immediate fuburc, it is suggested that preference be given to
'natural' methods of vestoring soil fertility, such as crop rotolions with
an adequate fallow period, cultivation of leguminous crops, ubtilization of
crop residues, and application of farm menurcs where possible. The

Teogibility of using humen wostes deserves study es well.

Ja Control of goil erosion

Waterways and sloping soils of mapping units Pw and Cuw can he severely
damaged by erosion, whereas in the other units the risk is light or insigni-
ficant. Suggested soil conzervation measures for the ecndangered areas include
contour cultivation, tied-ridging, cover crops end mixed cropping, mulching
and minimum tillege. They zan be used singly or in varying combinations
cocording to the severity of the problemes Unit § should be kept under
vegetative cover mainly beciuse of the steep slopes. This implics that
cutting of woody species for firewood or charcoal is o be comtrolled.

Waterways should be protectec by grass or bush cover,

Ao  Settlement and sustenance of refugees

Mepping units Pw, Cuw, Clw ond Fr are suitable for a sustained production
of a wide range of uplend cropzs and should be preferred for the settlement and
sustenance of refugees. These units cover a tolbal area of 609 sqgedkm. which

represent 54 porcent of the surveyed atess

The remaining loand is not recomnended for settiing refugees, but it may
be wbilized for their sustenence or for other purposes, Units Cup, Clp, Fo
znd the backswomps of unit Pa, covering about 60 sg.km. are moderately to
highly suitaeble for paddy rice. It may be noted that simple flood countrol
measure are needed in the casc of units Fo and Pa. Some arcas of wnit Vi,
which covers 22 s(o.km. are also moderately sulted for rice cultivation, bui
they necd yet $0 be identified and mepped in deteil. Although wnit Ps ie not
suited for intensive forming, it mey be used for growing crops such as
sorghum, cassave, groundnuts and tobacco, prefcrably in rotation with long
fallow periods. Alternatively this unit could be used for controlled produce
tion of firewood and charcoal, or for deep-rooted Fruit trees, such as
mangngo Units Pr end Vw can provide congtruction materials end, to some

extenty 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 setitlement in the
gurveyed area. Not less than 10 ha of agricultural lond are to be allocoibed
$0 cech familye. As per *  survey findings, the totel area of land suitable
for agriculturcl crops would be large enough for the purpose. However, since
the said report also calls for en expansion of about 30 percent in the near

\

future, additional land nceds 0 be identificd outside the surveyed arca.
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Appendix 1

SOIL SURVEY METHODS

The soil survey of Mishamo frea was carried out on the basis of
field observations together with interpretation of topographic maps
and serial photographs. The field work: wss supported by laboratory
analysis of represeniative soils. The survey methods comprised o
sequence of main operations which can be grouped as Pre-Surveys; Field

Horks; Soil Correlation and Map Compilation; and Soil inalysise

Pollowing a visit to the area, arrengements were made for the
construction of a preliminary network of bushtracks and bridges. Also,
relevant information on geology, climete, natural vegetation, as well
as available base maps werc compiled. The base maps included btopograe
phic maps at a scale of 1:50,000 and gerial photographs teken in or

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

Both the topogrephic maps and.igerial photographs were studied and
interpreted. A preliminary physiographic map and maps showing slone

grodients and elevations were then preparcd at a scale of .13 50,000,

FIELD WORK

A preliminary field reconnaissance of the soils and landforms was
made along bushlrzoks. selected to cross the physiographic units
previously estoblished. Prcliminary physiographic and soil legends were
thus prepareds Also the layout of the bushiracks was amended and
improved as reguired. On this basis the systematic soil surveying of
the area was undertaken. The field work was carricd between mid-Moy

and August 1978.

The traverses, along and from the bushtracks, were covered on food
and the soil observations were by spade ond auger. MNajér soils were
described in detall from special pits end samples were taken for
laboratory analysic and soil correlation. Notes on natural vegetation,
relief, erosion and drainage characteristics were also taken. As ficld
work progressed, the physiogrephic and soil legends as well as the
traverse layout werc amended from time to time as required. Soil

mapping was progresively updated 00,

More than 200 soil obscrvetions were made and 25 soil profiles
were sampleds The soils were described using the standard method of
the USDA Soil Survey Monual (14), together with the FAO Guidelines for
Soil Description (7)s Special boxes mede of galvenised iron sheeting

were used for soil correlation.
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SOIL CORRELATION AND MAP COMPILLTION

Lftor completion of the field work, & final correlation of the soils
recognized in the area was corried oube Aveileble ficld mnd enclytical
data were used for the purposce. The solls were classified in terms of
both the F%O/UNESCO Leg@nd of the Soil Map of bht World (8) and USDA
Soil Taxonomy (15)., Pinal physiographic and soil legends were then

prepared s

N
e
o)

Tollowing a dctailed review of the mapping units cstablished in &
i
field; the mepping tmit boundaries werc transferred from the aerial

photographs to the bease maps by means of a Bke%chma@toro

SOIL ANALYSIS

The soil samples were analyscd in the Central Soils Leboretory of
the Agricultural Research Institute, Miligano, using internationally
accepbed moethods,

Partical gize distribution was estimoted by the Bouyouoos hydrometor

method using Calgow oo the dispersing agente

Soil pH was measured in water and 0,01 M calcium chloride
suspensgilong using & Pl meter with glass and rveference glectrodes, L

goil soluwtion rabio of 1: 2.5 was used.

Walkley and Black's chromic acid oxidation method weas used in
determining orgenic carbon. Nitrogen was cstimabed by the semi-micro
K jeldahl methods

Available phosphémes was exbracted with 0,03 M ammonium chleride
in 0,025 M hydrochloric acid {Bray and Kurdz No.1 scluticn) and

estimeted colorim

s=trically s

Tlectrical conductivity was measured in 145 solls water extracts

with an Elcctronic Swithgear conductivity bridge.

Exchangeable cations were extracted with neutraly 1 molar cmmonium
acetote solutione Sodium and Potassium werce detemined f£lemephotom
metrically. Calcium and Magnesium were cstimebted complexo-metrically
by titration with IEDTLA. Exchange acidity was determined by the barium
chloride triethemolémine buffer method. Caotion exchenge capacliy was

estimated by the summation of the exchengeable cations.



Page 28
Appendix 2
METHODS FOR THE RATING OF LAND CUALITIES

GINERAL

The basic concephs and practical aspects of the land suitability
clagsification for agriculture as applied to Mishamo Arca arc discussed
in Chapter 3 of this report (Land Evaluation). In this Appendix the
emphasis is on the technical oriteria for the robing of these land
qualities selected for asseossing the land suitebility classification of

the areae

A land quality is a complex attribute of lend which acts in a
digtinet memner in its influerice on ‘the suitability of land for a specific
kind of use, Ixamples are moisture aveilability, flooding hazard,
nutritive value of pastures, etcs Land qualitics are combinations of
individual lend characteristics which are attributes that can be mesgurcd
or estimated such as rainfeoll; aveilable wator holding capacity, bexbture,
slope angle, etc. As land qualities camnot be measured directly, they are
usually roted in reletive terms such as good, poory elc. based on the

measured land cheracteristics which detcrmine themo

The suitability of a tract of land is dctermined by & number of land
qualitiess I'ive of them have been selected for assessing the suitobility,
of the lond units recognized in the Settlement,; namely moisture aveilabi-
lity, soil fertility, dreinege conditions in the growing season, erosion
hazerds, and capability for maintaining surfoce water,

Bach land quality is rated as good, mcderate, poor or very poor for
agriculture in general. The code numbers given o these ratings arce 1,

2, 3 and 4 respectivelye

For each lond unit radtings are given to the land qualitics, b
on different ranges of the individual land characteristics, which in

combination determine the land quality.

In reting the land qualities, the methodology recently developed in
Sudan by Van der Kevie, (Manual Tor Lend Sultebility Classification for
Agricultﬁfe) hos been followed <17)o The basic data for Tables 5, 6, 8,
10, 12 and 14 have beon taken from this Menual,

Owing to the limited informabion avalleble fop the surveyed arcay
some of fhe ratings arc defined in a general qualitative wey only, not

in quantitative terms, Also a numbor of aspumpbions are made,
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MOISTURE AVAILABILITY

- - . i - - - - N -
The moisture in the eoil which is available +o plants ig detormined

LEs

by 4wo mejor factorss the woter supply by rainfall and/or irvigation, ond

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

areay wabter supply by irrigotion is not considered at presente

The water supply under rsinfed conditions is dependent on the toba
amount of rainfell, tHe pctuntial evapotranspiration and lenglh of the
reiny season. By correlaiing these date with crop growth, a number of
climate zones were rccognized in Suden by Ven der Kevic (17). Thosc
wones arc supposed to be significant for the production of sgricultural
Crops . They are besed primarily on the water halonce, using monthly

rainfall ond potential evepotrenspiration datae

The climate rogime of Mishame Arca resembles thot of climete zone

M3 in Sudan: Web. Monsoon Climete with Modium Webt Scasonme. This regime i
characterised in having a weater surplus in the reiny season of morc than
20 percent of the anmual potential cvapotrenspiration. The growing season
is 7 to 9 months, mmd the average annual roinfall is between 950 mm ond
1400, The mean moximum temperature of the hotests month renges from

3400 o 3900, end the mean minimum temperature of the coldest month from
12°¢ to 2000. The climatic data for Mishamo Area fall - within these
limits, but tomperatures . .. are somewhot lower then in zone M3 of

Sudan e

The quantibty of waber available for plant growth thot the soil can
retein for a significant period is expresscd as available woter holding
capacity (AWC)@ I% con be estimated by determining the moisture content
of samples token at different depths,; at ficld capecity (1/3 bor gechion)
and permancnt wilting point (15 bar scotion)es If those meosurements ore
not avellable, the AWC can estimebed from o number of soil characteristiocs,
such as texture; structurc, orgomic matter content, depth and amount of

gravells and stoncs in the profilee

The estimation of AWC es well cg the rating ond assessment of moisture
availability are given in Tables 5, 6 wnd T« In thesc tables, duc
consideration iu given to the marked differences in texturc hetweon the
topsoil and subsoil as well as b0 the wide range in depbh of the soils
of Mishamo Arca. It may be also noted that the climete rogime

M3 of Sudan is assumcd for the arcas
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L2063 SOIL FERTILITY

This land quality rofers mainly to the proscnce of plant mubrients
in the soil and whether these nutrients are readily cvailable 4o the
plantz. At presend the sppraisal of soil fertility is based on chemicol
data onlyy mejor parameters being nitrogen end orgmmic metber conbtont,
available phosphorus; exchangeeble potassium, cetlon cxchonge copacity,
bage saturation and soil reaction. Alﬁhough the presence of micronts
trients such as boron, copper, zinc or sulphur arc importent for plent
growth, no informebtion is available for surveyed arcn. They zre nod

considered in the rating, thereforca

The reting of this lend quality is given in Teble 8. Thoe soil
fertility status of the soils of the arca isg asscssed in Teble 9. It
may be noted that availoble information Ffor an accurnte assessment of
the phosphorus is not adeguate enough. However, the phosphorus content
of the soils of the surveyed ares,as delbermined in the laberatory by the
method of Briy end Kurte, moy be considercd og low or very low. Contents

renge from 1 40 5 pme

For further detalls on analytical data, Appendix 4 of the repord

should be referred 4o
L2 oll DRAINAGE CONDITICNS IN THE GROWING SHLSON

The drainage condition of & soil is estimoted by the frequoency end
duration of the period when the soll is satursted with water. These
conditions are scldom gccurately measured, but can be inferred from soil
charecteristics, such as texture, colour, mottling,; quentity and kind of
organic matter, and groundwater levels. Length ond frequoncy of periods

with stonding woter shove the soil surface need algo to be estimoted.

Since no informotion is available on poqdimg hazards, the agscosmond
of this land characteristic for the gurveyed area is baged on assumpbions
onlye The reting of dreinage conditions in the growing secason is glven
in Table 10s The ratings for the lend units recognized in the arca are

shown in Table 11

AZ .5 EROSION HAZARDS

hg used here, this lend quelity refers to the suceptibility of the
g0ils of Mighamo Arca to wober ervosion only. The risk of soil Joss by

the action of wind is not congidercd at present.



Since the arec is under a protective cover of woodlond ond grnsses,
the land shows 1little or no signs of pash wober erosionm, such os rills
cand gullies or truncated soils. Accelernted erosion hos taken ploace in
some small areas of the colluvial footslopes only, where former seitlers
cleared the woodlend for cultivebion. Hence the susceptibility of the
soils %o water erosion is the moin foobor token into account Tor the
assessmnent of erosion hascrds in the surveyed aren. This susceptibility
is inferred from rainfall deta, slope gradiant cnd slope length, ond
s0il erodibility which is the inherent susceptibility of the soil to
detachment end transport of soil particles by reinfeall end run~-off,
Owing 4o the limited informcbion available at present, the potential
soil losses due {0 sheet end rill erosion camnot be predicted by the
Universel Soil-Loss Bquation. Instead the suscepbibility to soil erosion
is estimated by correloting climatic dotay slope characteristics and
g0il erodibility as applied by Vam der Kevie in Sudan (17)q Table 12
referss So0il erodibility has been esitimated according to the methodo-
logy devised by Erickson (5,16)., See Figures 1 ond 2, ‘The final
roting of both susceptibility to erosion and ercgion hezards of the

lend units recognized in Mishemo areo oré given in Table 13

Soil erodibility is rather difficult to measure quentitetively
becanse of the many veriables inveolved, not only when the soil is in its
netural stete, but particulerly after it has been subjected to the
influence of man. There ore however goil propertics which in combinas
tion affect erodibility, such as the physical quality of texture ond
structure, the chemical composition, the extent of wecthering and the

content of orgemnic matter.

The soil erodibility factor (K) reflects the influence of a number
of soil characteristics, namely texbture of the surface soil (parﬁioularly
percentage silt and very fine send, fraction 0,002~0,10 mn), orgenic
metber content, soil permecbility end content of coarse fragments. The
X factor is estimated by using the Texbural Triongle Nomograph for Soil
Bredibility (Figure 1) which is desigmed for soils thot do not contain
coarse fragments and hove o mormal ronge of 5 to 15 percent very fine
somd (0.05-0610 mm), o permeability which is nommal for +he texture
class; md an orgmic mabter content of 2 percent. If soil
characteristics deviwbe from this, adjustments should be mede as owle
lined in the Nomogroph. A soil may be comnsidered compact if its bulk
density is 1.5y in loomy or finer textured soilsg; ond if bulk density
Te7 in soils more sendy thon loem. The same corrcction of the X velue
(043) should be made if soils are shallow (rocdk or hard pem within

50 cm from the surface).



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

2°/s Organic matter & structure other than granuiar.

1. For soils with high content of very fine sand
(>15°/) and texture

a. Coarser than loam: Subtract 5°, from the °/. vfs and add
the difference to the silt content.

b. Loam & finer: Subtract 10% from the®/s vfs and add
the difference to the silt content.

Erodibility Group

“K>“1.O Value Hiah 2. Corrections
. - Hig
a. Structure:
'2<O~Zbl‘O -“r:\gmte very fine granular - .08

fine granular - ,06
maderate or coarse granular- ,03

b. Organic Matter:

Percent O .M,
K" vale I 0 1 2 3 4
> 40 |+l +.07 0 -.07 - 14
,20-,40 | +10 +05 0. -.05 -.10
< 20 | +.08 +.03 0. -.03 -.08

¢. Rock Fragments {by Volume)

Rock Fragment Content - { Percent)
0~20 20-35 35-5 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

PERCENT SAND

it
Lo

Figure 1 TEXTURAL TRIANGLE NOMOGRAPH FOR SOIL ERODIBILITY

Source - Taken from Erickson

4. Permeabitity

Compact soil or
PH> 9.0 +.03

Many medium
or coarse pores - .03



Figure 2 DIAGRAM FOR ESTIMATING PERCENT OF FINE FRACTION PASSING # 200 SIEVE

{0-74mm }
100 — '
\
90 " \. St
v

$ 80 ’;_.« P o / r,/
2 C:A
n
=] e
& 70 \///)
Es
o 60|
a &N
o 50 o » P
b4 4 i
5 9/
w9 40 ol Vi
S 2
2 p
o P
3 30
£y
E N/ . _{

20

10|

0

10 20 30 40 50 50

——— > Percent clay (< 0-002mm)

Procedure:
Go vertical from °/ clay on abscissa to appropriate texture class line; then go horizontal to ordinate
to find estimate of percent of fine fraction passing # 200 sieve.
Source:

Taken from Ericksor
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The content of very fine sand (QoO5mO¢10 mm), which is
ustially not determined in the laboratory, can be estimated os

follows ge

i) Estimate percentage of fine Ffraction (< 0074 mm), by using

the diagram given in figure 2, and

ii) Betimate percemtage of very fine sand by using the formula
% very fine sand = £ x (% 0o74 mm =~ fraction - % clay) - % sild
in which clay is fraction« 0,002 mn and silt fraction 0,002-0,005

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

F = 1,0 for clay (C), silty clay (8IC) and silty clay loam(SICL)
1.1 for clay loam (CL), loam (L) end silt loem (SIL)
142 for fine sandy loam (FSL) and sandy loam (SL)
1635 Tor sandy clay loam ( 5CL)
1.5 for loamy sand (LS)
1,75 for sandy clay (SC), send (8) amd fime send (18)

CLPABILITY FOR MAINTAINIIIG HURFACE WATEL

This land quality is robed only in the case of suitebility
clagsification for paddy rice, which is a crop that needs o be grown
in waterlogged or shallowly flooded soils, Thus soils on which
surface water can be maintained are most favourable., Soils, there-
fore, shounld have imperfect Lo poor draimage or have slow permeabi-

lity and infiltration ratbe.

If soil textures are favourable, a low permeabilily cem be
accomplished by puddling. Fields should be level, with little micro~
relief which may cause surface run~off or uweven distribution of

surface walers

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



Toble 5 « Egtimation of AUC in cm

Texture of Texture of the topsoil,0--30 cm loamy sendy
the subsoil - clay loam and
3G~120 cm gand loamy send | sendy loam | Tiner

Sand 4w 8 Ned nea )
loamy sand T-11 &-12 N oed %)
sendy loam 1C=14 11=15 1216 Ned
loam, sondy

clay loam & 13=14 14m15 1516 > 16
finer

Neas = not availoble in surveyed &reé

Table 6 = Rating of moisturce availcbility

Betimated AWC { Climate | Rating
in upper 120 regime
Soil depth 1 Soil depth Soil depbh
> 120 cm 50120 cme < 50 cm
7 16 cm M3 1 2 3
12=16 om M3 2 3 4
B~12 cm u 3 3 4 4
4 8 om M3 3 4 4
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Toble T - Rating of moisture avellability per lend unit ~ Mishamo Area

RPN

et e bimatod AN Soi

Lend Unit ! ii;:mzlc ?lsltil;pz;d'lgéc ot Reting Oiylmﬁd qualie
% cm depth

Py M3 8~16 cm :120 om 23
Ps M3 4~ 8 cm 3120 com 3
Pr M3 816 cm <50 cm 4
Pr/Ps M3 - 3l
Pm¥ M3 4= 8 cm 120 cm 2
B M3 8--16 cm <€ 50 cm 4
Cuw M3 10=16 om 120 om 12
Cun( ) M3 10~16 cm 3120 cm 12
Cup* M3 10-16 cm >20 cm 1
Clw M3 10=16 cm 120 om T2
1l e) M3 10-16 cm >120 om 12
Clp* M3 10--16 cm 7120 cm 1
{ v M3 11=16 cm £ 50 cm 4
Vp¥ M3 4~16 om £ 50 om 3
Fo# M3 %16 om 5120 cm 1
Fo Levee) M3 4~12 cm 3120 cm 2
Pa

( backswamp)* M3 316 om »120 cm 1
auks M3 12_16 cm 3120 cm 2

% These units occur in water—receiving coreas



Tehle 8 =~ Roting of soil Fertility
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Lond characteristic

Bage
foting P H2O e tu P heq/100 g soil Sbures
CEC K

1 6.0-8,0 > 2,25 70¢15  high 20 ¥0.4 > T0%

2 500660 0875225 0605-0,15 moderate 10-20 0s2-0e4 4070

3 405~5e0  0s15-0675 001005 low 2~10 Ool1=0.2 1040

4 { A5 {015 < 0,01 very low €3 <041 £ 100

Teble 9 ~ Roting of soil fertility per land wnit - Mishamo Area
Land characteristic

Pu 5a0-650 o75-2425 o05-,15 low > 20 4 ol 1040 3
Ps 500~660 215~ 75 601=,05 low  3~10 £ ol 1040 3
Pr 560650 415575 = 401=e05 low  3=10 ¢ el 10-40 3
Pr/Ps 5,0-660 8752525 o05=e15 low  3=10 ¢ 1 1040 3
P 500660 752025 #05=¢15 low 1020 ol s2 10=-40 3
B 500=640 752625 205=e15 low 310 o102 40-70 3
Cuw 560600 752425 05015 low 10 2t 02 40-T70 3
Cur( €)%  560~660 15~ o75 +05=015 low  3=10 ol o2 10--40 4
Cup 4e5~5.0 2 2425 2 515 low v 20 220 0df 1040 3
Clw 560=600 752625 o05~015 low  10-20 olea2 40-70 3
Clu( €)*  5e0w640 15~ o715 o05~015 low  3=10 5l o2 4070 4
Clp 560-660 4752625 «05=e15 low  10~20 olma2 4070 3
Y 500660 6752625 % 15 low  10~20 02 0 4070 2
Vp 540=600 7520625 'y «15 low  40~20 02 o/} 40-70 2
Fo* 4o5=540 7 2:25 3 e15 low 320 e2wed 1040 3
Fa(levee) 5e0-650 o75~2025 #0515 low  3=-10 ole2 40~T70 3
% gaclcsx\wmp)ZLané.O T 2425 » o155 low > 20 02w o] 10=40 3
e 5606640 6752425 o05=o15 low  3=10 oleme? 40-70 3

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

* Assumed velues. fnalyticel dete are not available.



able 10 ~ Rating of draine

ge conditions in growing season
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Land cherccteristic

Soil drainoge

Ponding hazard, fregucncy

Bvery
=2 yeors

Every
! 35 years

Bvery
| 610 yoars

good to excessive
moderately good
imperfect

poor to very poor

none none
none
{2 weeks.

2=6 woeks

£2 woecks
26 wecks

610 woeks

€2 wecks
2e-6 weeks
€10 weeks

»10 weeks

Table 11 = Rating of dreinage conditions in growing scason per land unit,

Mishamo Area

L&ﬁd Charocteristic K
Lend Unit Soil draina,&;e‘ | Ponding hagard, freguency Rating
Every Tvery Lvery
im2 yoors § 2-6 years 6-10 years

Pw Godd none none none 1
Ps Excessive none none none 1
Pr Good none none none 1
Pr/Ps Good to excessive | none none none 1
Pm Poor 26 weeks [ 6-10 weeks 710 wecks 4
B Excesgsive none none none 1
Cuw Good none none none 1
Cuw( ¢) Good none none none 1
Cup Imperfect t0 poor | 2«6 weeks | 6-10 wecks {10 weeks 2med)
Clw Good to imperfect | none 42 wecks 2mG woeks T2
Clw( e) Good none nonc none 1
Clp Imperfect to poor | 2«06 weeks 610 weeks 10 wecks Roal].
Vw Good none none none 1
Fo Poor 2=6 wecks | €=10 wecks {710 woeks 4
Fa levee Moderately good none {2 weeks 26 wecks 2
Pa swomp Poor 26 wodks | €~10 weeks [-10 weeks 4
Fr Good nene none none 1
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Teble 12 = Rating of susceptibility to soil crosion of an unprotected soil

ee—

i Susceptibility to soil erosion
Clim-te pone¥ iiig Sn 4 Low crodibility | Moderate crodibility | High erodibility
factors (K(20) factor (K o20-,40) foctor (Kpd0)
3 01 ingignificent s1ight moderate
M3 o3 slight moderate severe
n3 38 moderate severe severe
3 >8 severc severe sovere

* 485 in the case of the lond guality Moisture fvellability the climetbic conditions
of Zome M 3 of Sudah hove been assumed for the surveyed area.

Teble 13 = Roting of susceptibility o soil crosion and erosion haszords per lemd
unit ~ Mishemo frca

Lemnd Uﬁi'{; Slope B;olibility | Susceptibility to ‘Rating of crosion
" percent | factor (K) erosion hazords

Pw 28 moderate moderate to0 scvere e,
P 28 - low - slight to moderate 23
Pr 28 low slight to moderate i w3
Pr/Pn 2..8 low slight to moderate 23
Pm Ow=2 low insignificant bto glight P2

i 78 ~moderate severe 4
.Cuw . 28 moderate moderate 0 scverc ud)
Cuw( e) 2-8 moderate moderate to scvere 4

Cup 23 moderate moderate 3

Clw fea2 moderate slight 2
¢l ¢) o 2 moderate slight 31
Clp T2 ‘moderate slight 2

Vw 01 low insignificent 1

Vp C-1 low Cinsignificant 1

Fo 01 . low insignificont 1

Faf Levee) 01 low insignificant 1

Fa backswaemp) 01 Low insignificent 1

Fr 01 ‘moderate slight 2

¥* fg units Fo and Fo are subject to deposition rather thon crosion, the X factor

hes not been cstimated..



Table 14 - Rating of capebility for mainteining surfoce water

— .
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' Land Characteristic
Feting | Slope % | Microrclief } Drainage class ! Toxture of surfacd
om* and subsurfrceo
horizon
1 £ 0.5 t CeB imperfectly to cley, =ilty clay,
. | poorly drained send clay, clay
! loom,y silty cloy
loam
2 {2 510 imperfeotly to some o8 chove plis
, poorly drained sendy cley loam
3 <43 1020 moderately well | scme ag obove
drained plus loom and
sendy loom
3 {3 % 20 excessively to clay to sand
well drained

Microrclief is cxpressed ag the avercge differcences in height between

low end high spots within 50 m distence,

levelling is considerede

Table 15 ~ Rating of capcobility for mainteining

Mishomo Arca

No major improvement by

surface water per loand unit

| Lend Charecteristic 'Rebing
Lond Unit | Slope % | Microrelicf | Drainoge claes Texture of surface
cm and subsurfoce
Pw 28 7 20 well drained send to sandy loam 4
Ps 28 > 20 somewhat excessi~ | send 4
’ vely drained
| Pr 2~8 > 20 well drained sand to sandy loam 4
Pr/Pg D > 20 well drained gend 0 sandy loam 4
E 8 > 20 somewhat excessi~ | sand ¢ sandy loam 4
vely drained
Cuw 28 %> 20 well drained sond to loam 4
Cuw( e) 28 > 20 well drained gand ‘o loam
Cup 2 510 imperfectly and send loam to sandy 2
poorly drained clay loam
Clw 12 » 20 imperfectly to sand to loamy send 4
well drained
Clw( e) 12 > 20 well dreained sand to loamy send 4
Clp -2 510 imperfectly to sandy loam to sandy 2
poorly drained cloy loam
Vur 01 10-.20 well drained gravelly send loam 4
to gandy clay lcam
Vp O 510 poorly drained sond to sandy clay 2emd).
Fo O~ 0-5 poorly drained clay loam and clay 1
Fo levee O~1 7 20 moderately well sond to sandy loam 4
Feo swemp QO 05 poorly droined cloy loam ond clay 1
r G- > 20 well drained loamy sand to sandy
Joam
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APPIENDIX 3

DESCRIPTION OF THE SOILS AND AWALYTICAL DATL

Technical descriptions and aveilable analytical date for the soils recoge
nized in each mapping wnit are given below. The soils arc described in the
same order in which they are shown in the legend of the soils map ond in
v@hg@tﬂﬁ1 (Soils) of the report. Hach soil is clessified in torms of both the
Legend of the FAO/UNESCO Soil Map of the World (8) amd the USDA Soil Taxonomy
(15)u In describing the soils the nomenclature of the USDA Soil Survey Menual
(14) and the FAO Guidelines for Soil Profile Description (7) have boen followed.

Colour notation is according to +the Munsell Colour Charts (10)o

A3t SOILS OF THE PLATEAUX

HAPPING UNET Pw

Thig wnit includes a number of well drained, deep, predominently brownish
soils of variable textures, occuring in a complex potberns They arc claggificd
as Dystric Cambisols in the FAO Legend and Ustic Dystropepbts in the USDAE Soil
Texonomy. Major soils core as follows:—

( i) Dark brown to very dark greyish brown sand to loomy sand A horizon
overlying a strong brown to yellowish brown sondy loom or seandy clay loam,
rorely sandy clay, B horizon.

( ii) As ebove, but sandy loam L horizon over a sandy cloy loam B horizon.
(iii) As (i), but yellowish red upper B horizon. I+t occupies less than
15% of the areas
/e N . .
(i) Typical profile 132/2/192

Locotions grid TJ 130 796
ate of examination: 26/7/1978e Authors: E. Bomans, J. Hof

Lendform: undulating plobesit

3ite: almost flatb, Z%Slope

Microreliceft scattered termite mounds

Elevation: 14470 m -

Parent material: weathered shale

Yoisture conditions moist below 80 cm

Groundwater: none, Drainage class: well drained

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

A 015  Very derk brown (10YR2/2) moist and very dark greyish browun
o (1OYR3/2) dry; loamy sendg modercte weak crumbjy very friable
moist, nonsticky, nomglastio wety many fine interstitial poress
meny fine rootss clear sméoth bhoundary.

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

om (10YR6/4) drys sendy clay loam, moderctbe fine and medium subanguler
blocky, friable moist, slightly sticky, slightly plostic wetbs

many fine {fubuler pores; mony fine rootsy gradual smooth boundarye
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Byl 75-185  Yellowish brown ( 10YR5/4) moist and pale brown (107R6/3)
om .
dry; sandy cloy loams weak mediumm subangulor blocicys
fricble moist, slightly sticky, slightly plestic wWehs

many finc tubular pores; common finc roots.

Soil enalytical data

Sample ?;ﬁ;h Sc;nder L%Cle Slgi(: l%ls e blg“;ay Ziﬁ?s ’Zii‘a;/
50-20 m 202 m ’
IT.6523 O~15 85 2 2 11 1S Q/37
24, 15~15 65 5 4 26 SCL 0435
25 15165 64 4 3 27 SCL 0,23
@%c % o/ Hzg P gao1,
2.51 0.09 23 5e3 442
039 0402 19 562 440
0629 0e13 2 568 5ol

(~11) Typical profile 133/1/161

Locetion s+ grid TJ 280 814, 300m from Magungs CW camp, 150 m west of road to
Uvinza.

Dote of examination: 14 July 1978 — Authors: B, Mosha, A, Kiwelu,; L. Dagac
Landforms undulating plateaun

Sites gently sloping, 2% slope

Microrelief: scattered termite mounds

Ilevetion: 14470 m

Perent materials weathered shale

Mois"uuro condition: moist below 39 cm

Groundwater:s nones Drainege classs Well drained

Rock outcrops/surface stones: none.s Erosion/deposi’cion: none

Av 1 0=3/5 Very dark greyish brown ( 10YR3/2) moist end dark greyish

on brown (10’1'1?4/ 2) drys sandy loam; weok fine and medium
subangular blocky; soft dry, friacble moist, nonsticky,
nonplastic wets mony fine and medium tubular pores; many
very fine and fine rootsy few charcoal fragments: clear

wavy boundary.



Au2

BL

Bwi

Bw2

3/5-11/

15 cm

11/ 15~

30 em

39-10

cm

T0-230

cm
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Dark brown ( 10YR3/3) moist and brown to dark brown ( 10YR4/3)
drys sandy loam; moderate fine and medium subangular blockys
slightly herd dry, friable moist, nonsticky, nonplastic webs
meny fine and mediwe tubulor end interstitiol poresy clear

wavy boundary.

Brown %o dark brown (7.5YR4/4) moist; sendy cley loams sbrong
medium and coarse subangular blocky; {ricble moist, slightly
plestic wely many fine and medium tubular poresy gradual

smooth boundaory.,

Brown (7.YR5/4) moist; sandy clay leam; moderote medium and
coarse subanguler blockys; friable moist, slightly sticky,
slightly plostic wety mony fine tubular pores; few finc and

common coarse rootsy gradual smooth boundary.

A

Strong browm (7°5YH5/6) moigts sandy clay loamg finc and medium

subengular blockys fricble moist, sticky, slightly plestic wetbs

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

Soil emalytical data

3 Depth Semd Partlolesgi%o distribution Tesxt Silk/
sample
(om) 50-20 m 20-2 m  Clay Class clay
116918 0-349 81 3 2 14 SL Oe3
19 3/19=11/5" 80 3 2 19 SL 0.3
20 11/5~39 @ 9 2 24 0L 0e3
21 3970 6 2 3 26 SCL 042
22 70-230 67 2 4 27 SCL 002
0.C X ) Exehangeable cations (meg/100 & Sum CEC 503l
P c/m , soil) . - x
% % Na K Ca, Mg o bases ( sum)
298 0017 18 0.04 0410 3,20 1460 300 494 T94
1012 0410 11 0604 0s10 3,20 1460 700 4495 1195
0084 0606 13 0,04 0,04 2,40 2000 5 200 4 448 9 .48
0:37 0a09 T 0004 0,03 2,80 1.20 4400 4408 8,08
0037 0.0 9 0004 0404 3520 1,20 4400 4448 8448
1,0 M 0acl, Sum bases CEC clay baso P 2.C.
clay meq/ meq/100 g ESP  saturation ppm (nmho/cm)
100 g %
545 446 35 56 0498 62 340 0.26
5ol 4ol 32 78 0436 41 0e6 0.24
566 560 19 49 0e45 47 040 0610
545 43 16 31 0693 50 0.0 0ot
5e2 "4 eb 16 31 046 53 13T 0s12




(iii) Typical profile 132/2/191
Location: grid TJ 150 781

Dute of examinations 26/7/78.  authors: L. Dagoa, L. Kiwvelu
Londform:  wundulating platezu

Sites olmost flet, 2% slope

licroreliefs scattered termite mounds; 1.5 m high

Elevation: 1,400 m

Parent material: weathered shale

ioisture condition: slightly moist between 20-80 om, moist below
Groundwaters nones Drainage class: well drained

Rock outcrops/surface stones; nonee. Erosion/deposiﬁion: none

L O Dark brown (7.5YR3/2) moist and browm to dark brown
o (705YR4/2) drys loamy sand; weok fine and medium subangular
blockys soft dry, very friable moist, nonsticky, nonplastic
wety fine and medium tubulor pores; many fine and very fine
rootssy gradunl smooth boundary.

Bwil T~48  Reddish brown (5YR4/4) moist end brown (7.5YRS/4) dry; sendy
ort loam; modercote medium subangular bleckys soft dry, friable
moigty nonsticky, nonplastic websy common fine and medium
tubular pores; few fine, common medium and coarse rootss
gradual smooth boundarye.

Bw2 48-80 Yellowish red (5YR4/6) moist and (5YR5/6) dry; sandy loam;
on moderate medium subangular blockys soft dry, friable moisty
nongticky, nonplastic wet; common fine ond medium fubular
pores; few finey common medium and coarsc roots; gradual smooth
boundary «

Bw3 80-312 Strong brown (5YR5/6) moist; sandy clay loam; moderate

om subangular blockys friable moisty slightly sticky; slightly
plastic wets few fine tubular pores; few medium and coorse

rootE e

Bnviroumental characteristics

These soiles are developed in a thick regolith of weathered shale; under
vegetotion of miombo woodland with & ground cover of medium and short grasses.
They ocoupy unduleting, moderately dissected plateaux having scaltered termite

mounds upbo 2 m high., Dominemt slopes are 2-8 percent.

Lend use

None, except for some honey from wild beese



Soil analvtical data
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Particle gize distribution

Sample  Depth Sand Silt Clay
50-20m 202 m Text clags Silt/cley
1146482 O T 85 5 1 9 LS 0,7
83 T~ 48 19 4 0 17 SL -3
84 48— 80 79 2 1 18 SL 0-2
85 80~202 80 1 0 20 SCL 0al
86 202-312 75 4 1 20 SCL 042
O0uCa XN ¢/ Exchangeable cations (meq/100g soil) Sum  CEC soil
% % Na K Ca Mg H, ( sum)
151 0011 14 0,06 0402 2480 2,00  1.00 4,88 5488
0s81 0,07 12 0,06 0402 2400 1460 21,00 3,68 24 468
0046 0606 T 0s06 0,02 2,00 16,60  4.00 3,68 768
0s46 0,04 10 0,06 0,02 2440 0,80 2,00 3.27 5027
0ud] 0,03 14 0,06 0,01 2,00 2,00 2,00 4401 6401
Pl Sum bases CEC clay base P E.Ca
H 0 CaCl clay meq/  me ESP  saturation  ppm (mmho/om)
2 2 100 g 100g A
5ed 446 51 61 140 863 349 0.14
502 Ao 22 147 062 15 1e2 0615
5e3  4oT 20 41 0.8 48 14 0410
S5ed 560 17 2T Tal 62 3ed. 0a13
562  4eb 20 30 160 67 1ol 0,06
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ILPPING UNIT Ps
This wnit include deep, well o somewhat excessively drained, yellowish
brown sonds having wesk structural development. They are Cambic Armesols

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

Typical profile 132/2/167

Locetion: grid TJ 119 794
Dete of examination: 17/7/78. Authorss L"ﬁ@ggaa,Jﬂ. Bomans, E. Hosha,
Landform: gently sloping, 2% slope
Microrelieft none
Porent material: weathered sandstone
Moisture condition: dry to 30 cm, slightly moist to 120 cm; moist below
Ground water; unknown. Drainage class: somewhetl excessively drained
Rock outcrops/surface stones: none. Erosion/deposition: none
A 0O~3  Very dark grey ( 10YR3/1) moist and dark grey ( 10YR4/1)

om dry; sand; very weak crumbg soft dry, very friable moist,

nonsticky, nonplastic wet; common fine and very fine rootsy

clear smooth boundary.

Cul 3=~170 Dark yellowish brown (10YR4/4) moist and light yellowish
o brown (10YR6/4O dry; sand; single graing loose dry,‘véry
friable moist,; nonsticky, nonplastic wet; very few fine

roots; clear smooth boundarye

Cu2 170 om Light yellowish brown ( 10YR6/4) moist, few fine distinct clear
strong brown (7.5YR5/6) mottles; sand; single graing very

friable moist, nonsticky, nonplastic wel; very few fine roois

Range of profile characteristics

Texture of the profile is usually semd, sometimes loamy sand. The A
horizon renges from 3 to 15cm in thickness, colour of the C layers from
light yellowish brown t¢ brown, Drainage varies from good to somewhal

. '
excessivey v

Environmental charascteristics

Those soils are developed in a thick regolith of weathered sandstonc,
wmdoer a vegetation of Brachystegia woodlend with some cpen patches of
grasses. They occupy undulating, moderately dissected plateaux, with

scattered termite mounds up $0 2 m highe. Domikant slopes ave 2-8 percento.

Land use

None, except for some honcy from wild bees.



MAPPING UWIT Pr

This wnit mainly includes sendstone outerops and bonlders. Shallow,
often gravelly soils ccour in small patches onlys. Vegetation is scarce and
consists of scabiered trces and grasses. The soils of this unit were nct

studied in detail during the survey.
MLPPING UNIT Pr/Ps

This unit occupies wnduleting, moderately disscctod platean arcas and
consists of sandstone outcrops, boulders and deep sandy soils occuring in
o complex pattern. The soils are developed in weathered sandstonc and are

similer in characteristics to these of mapping unit Ps.

HLPPING UNIT Pm

This unit includes poorly drainecd, deep, dark—colourcd sands occupying
shallow depressions on the plateaux. These soils are Humic Gleysols in the

FLO Legend and Tropaguents in the USDA Soil Taxonomy.

Typical profile 132/2/170

Location: grid TJ 128 745

Duote of exeminetion: 18/7/78. Authors: e Moshs, Ee. Bomans

Lendforms  shallow depression in platean

Sites flat, less than 1% slope

Microrelief: mnone

Blevation: 1,380 m

Perent material: weathered sandstone

Hoisture condition: moist to 15 om,; wet below

Gromndwater: 55cm. Drainage class: poorly drained

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

A 0~50 Black ( 10YR2/1) moist; sand; very week medium crumbs
on very fricble moist,; nensticky; nonplasiic wels mony
fine snd medium roots

Cut 50--100 Very dark brown (1OYR2/2) moist; sand; single graing
on nonsticky, nonplastic web; very few fine and medium
roots

Cu2 100~120  Dark greyish brown ( 10YR4/2) moist; sand; single grain;

om nonsticky, nonplastic wet; very few fine and mediuwm roots

Range of profile characteristics

The A horizon usually ranges from 25 o 50 in thickness, but in some
profiles it is as thin as 15 cme Depw. b0 the groundwaler veried from 40

to 100 cm at the time of the survey.

|



Page 46

Environmental characteristics

These poorly drained soils are developed in weathcred sandstone, wnder
o vogetetion of short and medium grasses. They occupy flat, shallow depressions

on the plateaus Dominant slopes do not exceed 1 percent.
Lend use

none q

A3e2 SOILS OF THE ESCARPMEITS
MAPPING UNIT E

This unit occupies nearly vertical sandstone and shale escerpments with
associoted 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 usuelly overlie weathered shale, occur in scatbered patches and mainly
consist of shallowy gravelly loamy sands t::;'sandy clay loamse. The netural

vegetation ranges from isolated trees to open woodland,

The soils of this wit were not studied in detail.  The profile
desceription 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
FAO Legend and Lithic UstOrthents in the USDA Soil Taxonomy. Some of the
soils overlie hard, slightly weathered sandstone at less than 10 cm of the
surfece. These soils are Lithosols in the FAO Legend and Lithic Ustorthents
in the USDL Soil Taxonomy.

Profile 132/2/190

Location: grid TJ 177 791

Date of examination: 26/7/78. Authors: J. Megogeo, is Kiwelu, L. Daggaa
Lendforms  escarpment

Site: sloping, % slope

Uicrorelief: common termite pillers less thon 20 cm high

Blevetion: 1,360 m

Parent meterial: weathered shale

Moisture condition: dry to 17 cmg slightly moist below

Groundwaters mnonc. Drainage class: well draincd

Rock ou'tcrops/ surfece stones: many rock outerops and boulders
Erosion/deposition: none

Aut O] Dark greyish brown (1OYR4/ 2) moist end greyish brown

om (1OYR5/2) drys gravelly loamy sands week fine and
medium subanguler blocky; soft dry, fricble moist,
nonsticky, nonplastic web; common medium fubular poress

meny fine and fine roots; abrupt smooth boundary
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A2 428 Brown to dark brown (1OYR4/ 2) moist and pale brown
on (1OYR5/ 3) dry; very gravelly sandy loam; weak fine and
medium subangular blockys soft dry, fricble moist,

nonsticky, nonplastic wet; common mediwm tubular porcess

many fine end very fine, few coarse roots,.

R 32cmt Slightly weatherced shale

Soil analytical data

‘ Dopth Particle sige); distribution Text  Silt/
Sample (em) Sand 5020 m 20=2 m Clay Class  Cloy
1106487  O~d 87 4 2 7 LS 0.8
88 428 80 4 13 SL 045
0. N C/N  Dxchemgesble cations (meq/100g soil) Sum  CEC soil
d o O
7 e K Ca ug H beses  (sun)

1480 »o.’1.5 12 0s06 0019 240 2680 8,00 5046 13646

1004- Ob@ 9 0006 Oa15 2100 2080 4900 5,01 9001
joizl Sum bases CEC clay base .0
HQO CaC 12 clay meq/ meq/ ESP  saturation P e
100g 100g % ppm ( mmho/cm)
56l 540 T2 177 0448 41 6ol 0025

5e¢5  4eb 37 66 0662 56 240 0,13

A3s3.3.80ILS" OF TH#E:;GOLLUVIAL FOOTSLOPES, UPPER PARTS
MAPPING UNITS Cuw and Cuwl e)

This unit includes 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 Dystropepbs in the USDA Soil Taxonomy. Major soils

are ag fcllowss =
( i) Brown to very dark greyish brown sandy loam 4 horizon overlying
strong brown or yellowish red sandy clay loam to sandy clay B horizon.
(ii) As above, but send or loamy sand A horizon over a sandy loam 1o

sandy cley losm B horizon,



(1) Typical profile, 133/1/2

Location: grid T 895 798

Date of examinations 25/ 5/ 76e  Auwthors: ET. De Pouw, Jo» Magoggo
Lendform: colluvial footslope; upper part

Sites sloping, 6 % slope

Microrelief: mnone

Elevations 14430 m

Parent material: mixed colluvium of sendstone end shale

Hoisture condition: dry to 40 cmy, moist below

Groundwaters unknown., Draincge class: well drained

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

Aut O-4/ 8 Very dark greyish brown (TOYR?)/ 2) moist end derk
om greyish browa ( 10YR4/2) dry; loamy send; moderabe
fine and medium subangular blocky; slightly hard
dry, friable moié’s, nonsticky,; nonplastic wel; meny
fine and very fine, common medium and cosrse roots

meny fine end few medium pores; clear wavy boundary.

a2 4/8 Dark brown ( 10YR3/3) moist and brown to dark brown
1?4 20 (1OYR4/ 3) drys loamy sands modcerate fine and medium
subanguleoy blocky; slightly hard dry, friable moist,
nonsticky, nonplestic wety common medium end coarse
meny fine tubular pores; clear wavy boundary.
Bul 12/20-90  Brown ( 745YR4/3) moist; sandy loam; week medium and
cm

fine subangular blockys frieble moist, nonsticky,
nonplastic wet; common medium ond coarse roots; meny

fine tubular pores; gradual smooth boundary.

Bw2 90-120 Brown to cark brown (7.5YR4/4) moist, sandy loams

om weak subangular blocky; friable moist, nonsticky,
nonplastic wety few fine, common coarsc and medium
rootg; meny fine tubuler pores; gradual smooth
bouwndarye
Bw3 120=160 Strong brown ( T«5YR5/6) moist; sendy loam; wedk
om

subenguler blocky; frisble moist, nonsticky, non-

plastic wet; few fine, common coacrse and medium roois;

meny fine tubular pores; clear smooth boundarys

2Bw4 160=200 4s Bw3, but sandy clay loam in texture.
cm
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Particle size distribution

53

Semple  Depth Silt Text  S5ilt/
om Seand 50~20 m 20-2 m Clay Cless  Clay
1126506 0-4/8 84 4 1 11 LS 0440
07 4/8-12/20 87 1 1 11 LS 0.14
08 12/20-90 80 3 2 15 SL 0e32
® 12/20:90 19 2 3 16 SL 0032
10 90-120 79 4 2 15 SL 0,37
11 120-160 11 4 3 16 SL 045
12 160200 67 2 2 29 3CL 0012
0.Co XN C/N Exchengeable cotions (meq/”lOOg soil) Sum  CEC soil
% Ne X Ca g ® . peses (sum)
3.35 0,30 11 0o05 0617 520 0,80 9,00 6423 1523
093 0.11 9 0s04  0e12 2,80 1020 5,00 4416 9416
0s56 0408 7 0,05 0612 2,40 0e80 ~ 1,00 5437 4637
0.28 0,07 4 005 0610 1460 1020 1,60 2,96 3.96
0628 0,04 6 0605  0.09 2640 080  3.00 334 6634
0.27 004 6 0,04  0.09 2,00 080 1,00 2493 3693
0s28 0,08 4 0,05 0e12 2,40 1060 2,00 4617 6417
H Sum bases CEC clay bage EoCa
H, O CaCl clay meq/ me ESP saturetion P ( mmbo/cm)
2 2 100 g 100g ; ppm
52  dod 59 144 Co34 41 Tl 028
503  4e3 37 82 0e4T 45 0.0 0+21
566 468 36 29 1010 71 0,0 0616
563 el 19 25 131 () 0.0 0021
Sel  4a2 22 42 076 53 0,0 025
562 43 18 25 1009 75 0.0 0e47
440 14 21 0684 68 12,1 0e21
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(ii) Typical profile 132/2/8%

Location: grid TJ 224 739
ate of examination: 20/6/1978. Authorss E. Moshay L. pDaggaa, J. Magogo
Landform: colluvial footslope, upper part
Site: sloping, 5% slope
Microrelief: scattered termite mounds
Elevation: 14360 m
‘arent material: mixed colluvium from shale and sandstone
Moisture condition: dry to 30, slightly moist to 60 cm, moist below
Groundwater: none. Drainage class: well drained.

Rock outcrops/surface stones: nones ‘Erosion/deposi%ionz none

Aul 0=5/": Very dark greyish brown ( 10YR3/2) moist and dark
om greyish brown ( 10YR4/2) dry; sandy loam; moderate
fine citaby moist friable, nomsticky ncnplastic wet;
many fine pores; many fine rootsy abrupt wavy boundary
Lu2 5/7~12/20  Brown to dark brown ( 10YR4/3) moist and brown ( 10YR5/3)
om drys sandy loam;‘moderatc fine subangular blockys;
fricble moist, slightly sticky slightly plastic wets
many fine pores; commen fine and coarse roots; very
few shalc fragments; clear wavy boundary.
Bl 12/20-50 Yellowish red (5YR4/6) moist and strong brown (7.5YR5/6)
em drys sandy cloy loam; moderate fine subangular blocky;
friable moist, slightly sticky slightly plastic wel;
many fine poress common fine and coarse rootsy very
few diffuse smooth boundary.
Bw2 50~140 Yellowish red (5YR4/6) moist; sandy clay; moderate
om medium subangular blocky; moist friable, sticky and
plastic wet; few fine and common medium roots; very

few shale fragments.

Environmental characteristics

These well drained soils are developed in uncomsolidated colluvial
materials derived from shale ond sandstone, under a vegebtation of Brachystegia
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 floodplaine Unit Cuw(e) is
closely dissected by deep gullies, Slope gradient ranges from 2 to 8 percente
Lend use '

None, except for some honey from wild beese In the past, dry-lend farming

wes practised in unit Cul e) e
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Soil enalytical data

Sample Depth Particle size distribution Text silt/
cm Send Sil% Clay Class clay
50-20 m 202 m

1146513 05/ 69 12 5 14 SL 163

14 5/7-12/20 68 9 5 18 SL 048

15 12/20-50 51 13 6 30 SCL 066

16 50~140 48 5 4 43 SC 03
0.C N C/N  Exchengezble cations(meg/100g soil) Sum  CEC soil
% % Na K Ca Mg g bases  (sun)
2432 0020 12 0006 0637 5 260 2440 200 8.44 10‘444

0674 On11 7 0005 0618 4600 1,60 300 5483 8683

0,37 0s08 5 0e16  0.88 2480 2,80 3,00 6464 964

PH Sum béées; CEC clay ﬁase T
Hy0 CaCi, clay meq/ meq/ ESP  Saturation P ( mmho/cm)
v 100 g 100g % pEm
503 4e5 62 TT 062 80 101 0649
500 349 33 50 0e54 66 0.0 015
565  4e5 29 24 0642 48 0.0 0666
503 448 15 22. 1061 69 060 0sC9

MAPPING UNIT Cup
This uwnit is occupied by a number of imperfectly and poorly drained,

gometimes moderately well drained, soils occuring in a complex patterne

Major soils are as followsse

(i) Imperfectly and poorly drained, dark brown and grey soils of veriable
textures the A horizon is usually sandy clay loam, sometimes and or loam sand}
the B horizon ranges from sendy loam to sandy claye. They are classified as
Gleyic Cambisols in the FAO Legend and Aeric Tropaquepts in the USDA Soil

Taxonomy o
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(ii) Moderately well dreined; yellowish brown o pale brown sendy loams
and sendy olay loams with prominent mottlesy covering less them 10 percent of
the areas They are Dystric Cambisols ih the FAO Legend ond Ustic Dystropepts
in ‘the USDA Soil Taxonomy s

(i) Typical profiles 131/1/134

location: grid T 270 194
Dote of examinations 3/7/1978s Authorst Le Bagan, Jé HoTs
endform:  colluvial footslopef upper pard
Sites almost flat, 2% slope
Mierorelicf: none
Elevetions 14290 m
Porent materiald mixed colluvial meterials derived from sendsbtone and shale
Noigture conditiont moist ‘throughout
Groundwaters: 100 cmes Drainage class: imperfectly drained.
Rock outorops/surface stones: nonce Erosion/depositiom - none
Aut 0=10 Derk greyish browm ( 10YR4/2) moisty loamy send; week
o fine ond mediwm subangular blocky structure; very
fricble moishy nonsticky, nonplastic wety common fine

fubular pbros; clear smooth boundary.
Au2 10+25 Ag Aul, but brown %o derk brown ( 10YR4/3) moist

BY 25«80 Brown to dark browm ( 10YR4/3) moist, common medium
om distinct clear yellowish brown (10YRS/8) mottles;
szméy lozmg week fine end modium subanguler blockys
fricble moisty slightly sticky, slightly plastic
wely pores and roots not recorded; clcar smooth
boumderys
cel 80-150 Light grey ( 10YR6/1) and yellowish brown ( 10YR5/4)
o moist, meny medium distinet clear yellowish brown
( 10YR5/8) mottles; sandy loomj massive; friable moist,
slightly sticky, slightly plastic wel; pores and roots
not recordeds few (less then 3%) small, irreguler

ironstone fragments; clear smooth boundarye

Cg2 150200 Pinkish grey (7.5YR4/8) moist, many coarse prominent
an olear red (2.5YR4/8) mottles; coarse sandy loam;
rdassive; frizble moist, slightly sticky, slightly
plas%icwe*b; pores and roots not recorded; few (lessa

then 3%) small, irreguler ironsione fragments
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(ii) _Typical profile 133/1/19

Locations grid TJ 359 818

Datc of cxeminations 27/5/1978. Authorg B, De Peuw

Landform: colluvial footslope, upper part

Siter gently sloping, 4% slope

Microrelicft scattered ftermite mounds

Elevation: 1,340 m

Parent mateorial: colluvium probably derived from sandstone

Moisturc condition: moist throughout

Groundwaters unknown. Drainage class: moderately well dreined
Rock ouberops/surface stones: nonce Erosion/deposition: none

Ag Chd/G Very dark greyish brown (1OYR3/2) meist and greyish
om browa ( 10YR5/2) dry, meny fine distinct clear dark
yellowish brown (10YR3/4) mottles; sandy loamj weak
fine and medium subangular blocky; moist friabley
nonsticky, nonplestic wety meny fine and fow medium

tubuler pores; cbrupt wovy boundorys

Bugl 4/6-20 Tollowish brown ( 10YR5/4) moist, memy finc faint clear
om strong brown (7.5 YR5/8) mottles; sandy loams week fine
and medium subangular blocky; friable moigt, nonsticky,
nonplastic wety many fine and few medium tubuler poresg
common fine and medium, few coarse roots; gradual

smooth boundary.

Bwg2 20-50 Yellowish brown ( 10YR5/4) moishs meny medium and coarse,
faint clear strong brown (T«5YR5/6) mottles; sondy loams
weak fine and medium angulor blbdky, friable moisty,
slightly sticky, slightly plastic woely mony fine and
common medium tubular poress common fine and medium

few coarse rootsy grodual smooth bhoundary

Bugd 50-82/92 Palc brown ( 10YR6/3) moist, mony medium end coarse faint
om diffuse brownish yellow (1OYRQ/6) mottlesy sandy loamg

weak fiﬁe angular blocky: friable moist, slightly sticky,

slightly plestic wety many fine and medium tubuler poress

common medium, few coarse rocisy gradual smooth boundarys

Bugd 82/92-140 Pale brown ( 10YR6/3) moist, many medimm and coarse foinh
diffuse brownigh yollow ( 10YR6/6) mottles; send loamg
weak fine angular blocky; friable moist, slightly sticky,
slightly plastic wet§ many fine and medium tubular pores;
few finé and medium rootss frequoﬁt (about 25%) small,

soft; irregular rod nodules.
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Invironmental characteristics

These soils occupy the genily sloping upper parts of the colluvial Ffogd-
slopes and ore developed in colluvial metberials derived from sandstonc  and
shelc. Domiamt slope grediont is 2«3 percent. The vegebation mainly
consist of short end medium grasses, with some Terminelie trees on the better
droined sifcese

Lend use

Hone

Soil enalytical data

Semple Depth Particle sizosgii‘bribution Texth silt/
om Sand 50-20 m  20-2 m Cley Class clay
1106651  0~4/6 66 4 14 16 SL fel2
52 4/6-20 65 5 14 16 SL 1209
53  20-50 64 6 12 18 SL 0696
54 50-82/92 67 3 14 16 SL 1400
55 . 82/92~140 66 7 8 19 SL 0682
0eCo N c/N Exchengeable cations(meq/100g scil) Sum CEC soil
% % Na X Ca Mg H bages  {sum)
2023 CelT 13 0e13 0.15 2,00 2400 100 4027 5627
0.16 0,03 8 009 0009 1620 1460 2400 2498 4498
0e19 0,04 5 0,09  0.08 2440 240 2,00 4698 698
0,19  0s,02 9 0609 0,08 2,80 .2.40 600 5037 11637
0028 0,01 28 0210 . 009 .2.40 3,20 7400 5075 12475
pH Sum bases CEC clay - hase EC
H,0 C2Cl, clay meq/ meg/ ESP - esaturation P ( mmho/em)
;5 100g % _ppm
/407 >4$O 27 . 33 ,.324137 ; 8'? . Ooo Oq46
5.0 445 18 30 1681 60 .060 0,23
565 48 27 38 . 1436 71 0.0 0,23
5.8 540 33 ) L0479 47 0,0 0,20

6ol .53 31 69 .0.78 45 »060 .0e24




43e4. SOILS.OF: HE COLLUVIAL, BUOTRIOPESy: LOVER PARTS
MAPPING UNIT Clw and Cl{ c)
The soils of these wnits are classificd as Dystric Cambisols in the Legond
and Ustic Dystropepts in the UsDA Soil Taxonomys Major soils are as followss

( i) Deep, well drained soils having a very dark greyish brown to dark
brown, sometimes black, sand or loamy sand A horizon overlying a yellowish
brown,; brown or strong brown sandy loam to sandy clay loam horigzon.

(ii) 4s above, but moderately well or imperfoctly drained s0ils,; often

with ironstone gravels below 1 me

(i) Typicel profile, 133/1/121

Locations grid TJ 352 822

Date of examinations 29/5/78a futhors: J. Magogo, E. Bomans

Lendforms  colluvial footslope; lower pard

Site: almost flat, 1.5% slope

Microrelief: scattered ftermite mounds

Elevation: 1,340 m

Paront materials colluvium from sandstone and shale

Groundwaters ‘220 cm. Drainsge class: well drained

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

Aud 0-5 Black ( 10YR2/1) moist and very dark groy ( 10YR3/1) drys
e loamy sand; weak fine crumb; loose dry; very friable
moist, nonsticky, nonplastic web; many fine tubular
pores; many fine roots; clear smooth boundary.

2 513 Dark greyish brown to brown ( 10YR4/2.5) moist and brown
om (1OYR5/3) drys loamy sand; moderate fine crumb; sof
dry, very friable moist, nonsticky, nonplastic wetbs
many fine tubular pores; many fine and common medium
rootsy clear smooth boundary.

BA 13-31/33  Dark groyish brown to brown ( 10YR4/2,.5) moist snd brown
o (10YR5/3) dry; sandy loam; moderate medium and coarse
subanguler blocky; soft dry, friable moist, nonsticky,
nonplastic wets meny fine fubular pores; common fine

few medium and coarse rootsi gradual smooth bowndary.

Bwl 31/33-84  Brown ( 10YRS/3) moist; sandy loam; moderate coarse
om subangular blocky; slightly hard dryj friable moist,
nonsticky, nonplastic wets meny fine fubular poresy few
fine end coarse, common medium roots; clear, smooth

boundary .



Bw2

Bw3

Soil analytical data

84~115

om

115~160

om
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Broun (1OYR5/3) moist, mandy clay loam; moderate coarse

subangular blocky; frieble moist, slightly sticky,

slightly plastic wetbs maﬁy fine, few medium tubuler pores;

few fine and medium roots; clear smooth boundary

mottles.

As Bw2, but few medium prominent clear red (10‘.{1%4/ 6)

Sample  Depth Particle size distribution Text Siit/
Sond Silt Clay Class clay
(om) 50-20 m 20.2 m

11,6561 0O~5 a2 4 3 11 1S 0464
6c 513 84 3 3 10 1S 0,58

63 13-31/33 80 2 2 16 SL 0,28

64 31/3384 5 4 3 18 SL 0438

66  84m160 65 4 4 27 CL 0,28

0,0 N ¢/n Exchangesble cations (meq/100g soil)Sum  CEC soil
% % Na, K Ca He H bases  ( sum)
3210 0,30 10 0605 0:20  5.20 6,00 8,00 1145 19445
1622 0,15 8 0405 0c11 2400 2,80 2,00 496 696
0¢37 0408 5 006 0c13 2540 1560 4400 4418 8418
0647 0,07 T 0,06 0c14 4000 1060 T500 5480 12,80
0,27 007 4 0406 016 2000 2,80 6,00 5,03 11,03

& %

503 4.2 102 174 0425 59 346 0,26
545 4ab 50 70 0.69 1 249 0s17
568 52 26 52 0468 59 sl 019
5.8 5.0 32 70 047 45 060 Oal1
502  4e3 1 40 0e59 46 040 0511

S ey
e
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(ii)_ Typical profile , 133/1/22

Locations grid TJ 348 822

Date of cxamination: 29/ 5/ 78 Authors: B. Bomans, L. Baggaa, 5. Mosha
Landforms colluvial footslope, lower part

Site: almost flat, 1% slope

Elevetion: 14320 m

Parent materials colluvium from sandstone and shale

Moigture conditions moist below 30 om

Groundwaters 260w Draincge classs imperfectly drained

Rock outerops/surface stones: nones Erosion/deposition: nane

Au 0-4/5 Very dark greyish brown ((10YR3/2) moist and brown
on (1OYR5/ 3) drys loamy sand; moderate medium and fine
crumby soft dry, friable moist, nonsticky, nonplastic
wets many fine tubular pores; many fine and bommon

medium rootss clear wavy boundary.

M2 4/5-10/12 Dark yellowish brown ( 10YR4/4) moist amd light yellowish
om brown ( 10YR6/4) dry; loamy send; moderate medium
subangular blocky; slightly hard dry, friable moist,
nonsticky, nonplastic wety many fine tubular poressg
common fine and medium, few coarse roots; clear wavy
boundary .
BA 12m22/27 Dark yellowish brown (10YR4/4) moist and very pale brown
om ( 10YR7/4) dry; sandy loams moderatc medium subangular
blockyy glightly hard dry, frisble moist, nonsticky,.
nonplastic wet; many fine tubulor poresi few fine and
coarse, common medium rootsi gradual wavy boundarye.
Bwl 22/ 2o Strong brown {7.5YR5/6) moist; sandy loam; moderate
37/40 em

medium cosrse subangular blocky: slightly hard drys
friable moist,. slightly sticky, slightly plastic wet;
many fine and common medium poresi few fine o coarse
rootsy gradual wavy boundarye

2Bw2 37/40-115  Strong brown (7.5YR5/6) moist, many medium promincnt

cm ~ clear red (1OYR4/8) mottles; sandy clay loamg moderate
coarse subangular blocky; friable moist, sticky, slightly
plestic wely many fine and common medium fubuler poress
common fine, few medium end coarse rootsy gradual wavy

boundarys

2Bwgl 115215 As 2Bugly but sandy clay in textures
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Invironmental characteristics

These soils are developed in unconsolidated eolluvial materizls derived
from sandstone and shale, wnder a vegetation of Brachystegin/Terminalia
woodlend with a ground cover of short znd medium gragsese They occupy the
almost flat lower parts of tHe colluvial footslopes. Slope ghadiints arc
2 percente Unit Cuw(e) is closely dissected by gullics. Termite mounds
occur in many arcase

Lend use

Nonee

Soil mmalytical data

Sample  Depth Perticle §i3¢ distribution Text  Silt/
(cm) Sand 50-20m 20-2 m Clay Class clay
116467  0-4/5 71 8 9 12 SL 1e38
68  4/5-10/12 18 6 6 10 18 1422
6  10/12=22/27 75 2 11 12 SL 1012
70 22/27-37/40 69 4 11 16 SL 0.89
71 37/40-115 53 6 8 33 SCL  Oe41
72 . 115215 45 6 10 39 % 0441
0aC N c/N Exchongeable caﬁions(meq/100g‘sqil) Sum CEC soil
% % Na X Ca Mg Wb bases  (sum)
1,86 0,15 12 0,06 0630 2,80 1,60 5,00 4476 9476
087 0,08 11 0,05 0613 2040 14,60 3,00 4418 718
0.52 0,05 10 0606 014 2440 1460 3,00 44718 7478
0653 0.04 11 0.05  0.16 2400 2440 4400 461 8461
0e46 0406 8 0.06 052 4480 1.20 6,00 6459 12 459
0s46 0,06 8 0.9 0e40 2450 160 10,00 1490 24440
3 ases ; cla ag EC
1,0 H CaCl 2gﬁyb;2;7 CEge;}uy ESP Zatﬁraﬁion P (mmho/cm)
2 2 100g 100g o poys il
De2 4ol 39 80 0057 49 Tatl 0,19
564 446 43 13 0.72 58 448 0012
540 442 41 65 0484 61 340 0,10
5.0 4a3 28 ; 53 055 54 442 0.15
5 o2 443 20 38 0.52 52 169 0,10

5ed 550 38 64 038 60 349
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MAPPING UNIT Clp

This wnit include a number of deep; imperfectly and poorly draincd soils

of veriable textures. Major soils are as follows:

( i) Soils having o very dark greyish brown, derk brown or black sendy
loam to sandy clay loam A horizon and a brown to greyy cley loam o sandy clayy,
mottled B horizon overlying a contincous ironstone layer below 50 cm. They
are classified as Dystric or Gleyic Cambisols, petroferric phase in the FAO
Legend end Petroferric? Dystropepts or Aeric Tropsquepts in the USDA Soil

Taxonomy e

(ii) As above but compact, slowly permeable ; clay B horizon. Thoy are
Gleyic Combisols in the FAO Legend and Aeric Tropagucpbs in the USDA Soil

Taxanomy

(i) Typical profilc, 133/1/47

Locations grid TJ 299 746
Date of examination: 3/6/1978. [uthorg:s J. Magogo

Classifications Dystric Cambisol, petroferric phase (FAO0), Petroferric?
‘ Dystropepts (USDA)

Lendform: colluvial footslope; lower part

Parent material: colluvium from semdstone and shale

Sites almost flat, 1% slope

Tlevation: 1,300 m

Moisture condition: moist below 30 cm

Groundwater: 85 cmes Drainsge classs imperfectly drained

Hock ouﬁcrops/surface stones: nones. Erosion/deposition: none

fut O~3/4 Dark greyish brown (10YR4/2) moist and greyish brown
o (1OYR5/2) dry; loamj week fine crumbj soft dry, very
frigble moist, slightly sticky, slightly plastic wet;
many fine tubuler pores; common fine; meny medium, few
coarse roots; clear smooth boundary.

M2 3/4-16/18  Brown to derk brown ( 10YR4/3) moist and browa ( 10YR5/3)
em dry; sandy clay loam; modcrate medium crumbs dry soft;
friaeble moist, slightly sticky, slightly plastic wed;
neny fine tubular pores; common fines mony medium, few
coarse rootsy abrupt smooth boundary.

Bw1 16/18~28/32 Dark ycllowish brown ( 10YR4/4) moist end yellowish brown
o (10YR5/4) dry; loam; moderate medium subangular blockys
slightly hord dry, friable moist, slightly sticky,
slightly plastic wefé many fine tubuler pores; few coarse

rootsy clear wavy boundarys



2Bug?2

2Bug3

ms

28/32~60

cm

60-50

cm

90 om+
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Yellowlsh irown (1OYR5/ 6) moisty meny medium prominent
clear red | 2.5YR5/6) mottles; cley loam; moderate fine

end medium subengular blocky, frisble moist, slightly

sticky, slightly plestic weby common fine and medium

tubular poresy common fince and medium roots, abrupt
] H H

smooth bouadary.

As 2Bug2, but sondy cleay texiure

Petroferric horizon igontinucug: ironstone layer largely

congbtructed of comented nodules of irregular shapce

Soil analytical data

Particle size distribution

Semple  Depth Text Silt/
cm Sand Silt Clay clgss  clay
5020 m 202 m ‘
1106497 O3/4 = 51 4 18 17 L 1487
98  3/4-16/18 53 8 18 21 SCL 1425
99  16/18-28/32 47 1 16 26 L 1601
1166500 28/32~60 38 15 39 sC. 0,60
01 60-90 34 7 15 44 ¢, 0651
0.C N o/ Exchangeab.c catvions (meq/ 'IOngsoil) Sum CEC soil
% % Na X Ca Ug H. (sum)
1231 0e19 7 008 0.27 2440 240 3,00 5,08 8,08
094 0s13 1 0,06 0,17 2680 1,30 1200 4069 5669
0638 0611 3 0,07 0,27 2440 080 5,00 347 8647
0.28 0.9 3 0616  0a3) 2u40 2,00  5.00 4486 6489
0s28 0s08 4 0s15 0523 160 2640  To00 4638 11438
pH Sumx bascs - CEC c.';ay base ‘ P EC
HZO Ca012 clay meq/ mag / ESP sa’b;.ratlon (mmho/ cr)
100g 7 ppm
548 406 30 47 095 63 244
566 bol 23 27 098 82 046
504 4od 13 32 0,81 41 0.0
505 46 12 25 1465 49 0,0
506 1 25 1433 38 040

4e5




(ii) Typical profile, 133/1/16

Locations grid TJ 351 780

Date of examination: 27/5/78. Authors E,. De Pauw

Clessification: Gleyic Cambisols (FAO), Leric Tropaguepts (USDA)
Lendforms colluvial footslope, lower part

Sites  flat, slope less than 1%

Hicrorelicf: scattered termite mounds

Elevation: 1,300 m

Perent material:s colluvium from shale?

lMoigture condition: moist below 10 cm

Groundwaters 100 cm. Drainage class: poorly drained

Rock outcrops/surface shones: nonee Erosion/deposition: nonc

A 0-6/8 Dark greyish brown ( 10YR4/2) moist and greyish brown
en dry; many medium distinct clear brownish yellow (1OYR6/6)
mottles; sandy loam; weak medium and coarse crumbsg
slightly hord friable moigt, nomsticky, nonplestic wetbs
meny fine and few medium tubuler pores; common fine, fow
medium tubular pores; common fine, few coarse rootss

clear wavy boundarye.

B4 6/8~24/26 Brown (1OYR5/3) moist, many medium distinct clear brownish
om yellow (1OYR5/3) moist, mony medium distinct clear brownish
yellow ( 10YR6/6) mottles; sandy cley; week fine ond medium
subangular blocky; fine moist, sticky, slightly plastic
weby common fine and very fine pores; common fine and few

coarse rootsy gradual wavy boundery.

Bwgl 24/26»46/52 Daxrk brown to brown (1OYR4/3) moist, meny medium and coarse
om distinct clear yellowish red (SYRB/B) mottles; clays

modcrate fine and medium enguler blocky, firm moist, sticky,
plastic wety common fine and very fine fubulcr pores; few
fine; common medium rootss gradual wovy boundary.

Bwg2 46/52—110 Grey (1OYR5/1) moist, many coarse prominent sharp red

o (2.5YR4/8) mottles on ped faces end some cracks; clays

magsive breaking to weak medium subangular blocky; firm

moist, sticky, plastic wet; very few very finc tubuler

poresy very few coarse rootse

Invironmental characteristics

These soils occupy the lower end of the colluvial footslopes and appear
to be developed in uncongolidetced colluvial matcerials derived from shalc and
sendstonc. Dominant vegetatior is wooded (Terminalia sp) grasslend with common

open arcas of medium and tall grasses. Slope gradient doegs not exceed 2 percente
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Land use

None

Soil enalytical data

Semple Depth Particle sizé distribution Text Si]:l;/
(cm) Sand Silt Clay Class  clay
50-20m 20~2 m
1106556  O~6/8 73 4 4 19 SL 0438
57  6/8~24/28 50 5 2 43 SC 0616
58 24/26-46/52" 31 5 3 61 C 0.13
59 46/52~110 35 4 4 57 C 015
0,6 W ¢/ Exchangeeble cations(meq/100g soil) Sum  CEC soil
% % Wa X Ca Mg H bases (sum)
1610 013 9 0007 0016 2,80 2,80 400 5495 9@5'
0.86: 0,10 9 0s15 0417 3,20 0,80 8,00 4632 12032
0637 0wl 3 0621 0618  4.80 1460 6000 6+T79 12479
0.38  0.11 3 018  0o16 ~ 2,80 2400 2,00 5014 Tol4
oH Sum bases CEC clay base P EC
H 20 CaCl, clay meq/  meg/ ESP  soturation . ( mmho/cm)
100 g % P
5.0 460 31 51 073 5958 060 0e12
501 463 10 29 1018 35s1 000 0s19
567 560 1 21 1468 5361 0.0 0,18
5e1 466 9 13 2653 T260 0.0 0617

A3,5 SOILS OF '"HME VALLEY FLOOR BASHMENT
MAPEING UNIT Vw

This unit include well drained, shallow, often gravelly, brown to sirong
brown sondy loams, clay loems or sandy clay loems overlying an iromsione layer
at less than 50 om of the surfoces They are Dystric Regosols petroferric phase

in the 40 Legend emnd Pelbroferric? Ustorthents in the USDA Soil Taxonomye

Typical profile, 133/1/81

Locatvion: = grid TJ 263 740

Dete of examination: 15/6/78. Iuthors: J. Magogo, Ee Bomens
cndforms  valley floor basement

Site: flat, less than 1% slope

Microrelief: none



Elevation: 1,285 m

Perent moterial:s  colluvium from shale ana sandstone,; (weathered irongtone)
Moisture conditions dry througﬁout

Groundwaters none Draincge classt well drained

Rock outorops/surface stoness common iromnstonc outcrops snd boulders
Brosion/depositions none

At Om8/12 Dark greyish brown (10¥R4/2) moist end greyish brown

om (10YR5/2) dry; sandy oley loam; moderate fihe subangular
blocky; soft dry, frizble moist, slightly sticky, slighfly
plastic wetj common fine tubular pores; common fine, mony

medium roots; gradual wavy boundary.

Aue 8/12m18/20 Dark yellowish brown (10YR4/4) moist emd drys gravelly
clay loam; moderate fine subangular blocky; soft dry,
friable moist, slightly sticky, slightly plastic wets
common fine fubulor pores; common fine roots; about
20h anguler ironstone fragmentsy; 510 mm diemetbers

abrupt smooth boundaxy

ms 18/200m+ Petroferric horizon: ironstone layer with fissures,
largely constructed of cemented modules of irregular

shapeas

Range of profile characteristics

These soils range from o few cm to 50 cm in thickness, and may be brown

© K 7
dark yellowish brown, yellowish brown or sirong brown in colour. They usually
deilyv:an ironstone layer with fissures, except in some areas where loose

ironstone nodules predominatsae

Environmmental charecteristicg

Thesc soile occupy the well drained areas of the valley flcor basement and
are under open woodland of stunted, contorted trecs,; with a ground cover of
- short ond medium grasses. They appear to be developed in colluvium from

ghale ond sandstoncs Slope gradicnt does not excoed 1 percentoe
Lond use

Hones
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S0il analytical data

"

Semple  Depth Particle size distribution .TGX% silt/
Sand . Silt Clay class clay
50-20 m 202 m
11,6490 0=8/12 50 11 18 21 SCL .34
91 8/12~18/20 40 T 12 LY CL 075
04C g C/N Exchangeable cations(meg/100g so0il) Sum CEC soil
[7) o = o
7 72 Ha X Ca, Mg H( _’4‘) bases ( Sl‘h‘ﬂ)
2632 Co21 11 0a07 0e34 3620 2440 8000 6.01 14001
128 0.4 9 0,06 0ad5 2480 280 10,00 6010 16210
Sum bagses CEC clay base BC
HQO CaCl2 clay meq/ meq/ sP saturation (mmho/cm)
100 g % ppm -
5eT 501 28 64 0493 43 3edh 024
56 540 18 47 06348 38 12 Ge22

H(%) e BaCl, = triethanolamine extraction

MAPPING UNIT Vp

Unit Vp includes a number of poorly drained, dark-—coloured, often gravelly
soils overlying a contimious ironstone layer at less than 50 om of the surface.
S0il texbure usually varies from coarse sand to sandy clay loam, but it may be

sandy clay or clay in some profiles.

Thesme soils occupy flat, shallow depressions and drainage ways in the
valley floor bagement. Slopes usublly do not exceed 1 percent. They are
probably developed in colluvium from shale and sandsitone, under a vegetation

of wooden grassland with small, contorted trees.

The profile which follows below is an example only of the wide range of
goils which may be encountered in the unit. It is classgified as Dystric
Gleysols petroferric phase in the FAO Legend and Petroferric? Tropaguents in

the USDA Soil Taxonomy.
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Profile 133/1/198

Locations grid TJ 290 765

Date of examination: 25/?/78. Authorss L. Daggea, A. Kiwelu

Site: flat, less than 1% slope

Microreliefs few termite mounds upbo m high, about 100m apart

Elevation: 1,300 m

Perent material: colluvium from shale and sandstone ( weebhered ironstone?)
Moisture condition: moist to 20 om, wet below

Groundwaters unknown. Drainage classs poorly draineds

tock outcrops/surface stones: few ironstone oulbcrops amd boulders in
surrounding orea

Erosion/depositionz Hone
Lel o5 Very dark greyish brown ( 10YR3/2) moist; semdy clay
cm . . . .

loam; massive; friable moist, sticky, slightly plastic
wety pores and roots not recordedy clear smooth
boundary.

Lg2 530 Very dark brown ( 10fR2/2) moist, common medium prominent

om clear yellowish brown mottles; gravelly sendy clay loams

magsive; frioble moist, sticky, slightly plastic wets

pores and roots not recorded; about 20h irregular irone-

gtone fragnents, 4=8 om diameter; abrupt smooth boundary.

ms 30cm- Petroferric horizon: contineous ironstone layer largely

constructed of cemented nodules of irregular shapee

. A3.6 SOILS OF THE FLOODPLAIN
MLPPING UNIT Po

This unit occupy flat active floodplain area along the Rugufu river and
its main tributaries. Slope gradient usually does not exceed 1 percent. Major
soils are poorly to very pooriy drained, grey and dark grey, stratified clay
loomg and clay loams znd clayse. They are seasonally flooded by river water and
remain waterlogged throughout moet of the year. They may be Dystric Fluvisgols

in the FAO Legend and Typic Fluvequents in the USDA Soil Taxonomye

The area was {looded at she time of the survey and the soils could neither

be studied nor described in details

MAPPING UNIT Fa
This unit occupies the younger meander floodplain of the Rugufu river and
its main tributariess It consists of a mumber of +  narrow abandoned levees and

slightly lower backswamps.
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Mejor soils are ag followsse
( i) Levees: deep, moderaiely well drained; pale or yellowish brown,
stratified sands to sundy loams. They are Dystric Pluvisols in

the FAO Legend amd Aguic Ustifluvents in the USDA Soil Toxonomy »

(ii) Backswampss deepy poorly drained, usually dark grey or black clay
loams and clays with prominent mottless They cre Gleyic Cembisgils

in the FAO Legend and Aeric Tropaguepts in the USDA Soil Taxonomy.

(i) Typical profile, 133/1/50

Locations grid TJ 286 T44

Date of examination: 5/6/78. Authors: Je Magogo, E. Bomans
Londform: abeandoned levee

Site: flat upper part, 1% slope

Microrelief: none

BElevation: 1,280 m

Parent materials alluviel deposiits

Moigture conditicns moist throughout

Groundwater: 190 cms. Drainage class: moderately well drained

Rock outcrops/surface stones: none Erosion/deposition: none
Aut O~3/9 Doxrk greyish brown (1OYR4/2) moist and greyish
cin

browun (1OYR5/2) drys sand loam; moderate finc

crumb goft dry, friable moist, nonsticky; nonplestic
wety few fine fubulor pores; meny fine roots; clear
wavy boundary.

Au2 3/9-10/15 Dork greyish brown (1OYR4/2) moist; sendy loam;

om weak fine crumb; friable moist, nonsticky, nonplagtic
we'l; few fine tubular pores; common fine and few

coarsc rootsy clear smooth boundarye
¢ 10/15-35/48 Pole brown ( 10YR6/3) moists messive; sendy loams
o fricble moist, nonsticky, nonplastic wety fow fine

tubulor pores; few fine rootsy abrupt wovy

boundary s
2C 35/48-~16/100 Pele vrown ( 10YR6/3) moist; common medium end cocrse,
om distinct, clear, strong brown ( 10YR5/8) mottless
loamy sand; friable moist, nonsticky, nonplesiic
webs common fine twbular pores; fow fine and coarse
roots; abrupt wavy boundary.
3C 76/100~170 Brown (10YR5/3) moist; sandy loamj massive; friable
cm

moist, slightly sticky, slightly plastic wet; common
fine and few coarse tubular pores; fow fine and

ccarse rootsy abrupt wavy boundary.
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40 170 cm + Light yellowish brown ( 10YR6/4) moist; sand; single
grain, loosc moigt end dry, nonsticky, nonplestic wets

pores and roots not recorded.

Renge of profile charactheristics

The thickness of the different layers (alluvial strata) may vary widely over
short distances. Dominant textures are sand, loamy sand or sandy loam, sometimes

gendy cloy loame Drainage class ranges moderatcely well $o imperfectly drained,

Iuvivonmental cheracteristics

These soils ocoupy abandoned, usually 1015 m wide levees formed by the
Bugufu river and its main tributaries. The dominant vegelation is grassland,
with dense groundwater forest in some arecase
Lond use

Nones

Soil analyfical data

Particle size distribution

« ) Text silt/
Semple  Depth Sand Silt Clay class clay
cm 5020 m 20~2 m
116527 O=3/9 61 18 8 13 SL . 2,03
28  3/9-10/15 58 15 1 16 SL 1e54
29 10/15~35/48 59 18 8 15 SL 1072
30 35/48-76/100 84 5 3 8 LS 0495
31 76/100=170 81 4 2 13 SL 0a49
0, XN c/N Exbhdngeable cations(meq/100g so0il) Sum CEC soil
B Na K e mg m:; veses (swn)
14T 0416 9 0408  0.16 2,40 0,80  3.00  3e85  6u45
1016 0,07 17 0,09 Osle 4.00 200 2400 6622 T Be22
Ca29 0,04 8 0608 0,06 2640 1460 8,00 4e13 12013
0,19 0,03 6 0,06 0,02 2480 2,00 8,00 4010 12410
0o29 0,05 6 0v11 0,03 2,00 2,00 4,00 4old 8,14
i Sum bases CEC cley o bose P BC
H,O  CaCl, clay moq/ meq/ ESP sadburebion ((mmho/cm)
¢ 100 g % ppm
5.8 5,0 o7 60 1227 53 0.0 0e21
56l 460 38 50 1415 76 040 0018
565 540 28 81 ) 0063 34 0,0 0.1
563 46 49 144 0e53 34 040 0410
502 4o 33 65 1432 51 740 1013




(ii)  Typical profile 133/1/49

Locetions grid TJ 2868 745

Dute of examination: 5/5/78.  Authors: J. Megogo, E. Bomens

Lendform:  backswamp

Sites flat, less than 1% slopec

Hicrorelief: pillar-shaped termite mounds upto 150cm high

Elevetioms 1,280 m

Perent material:  alluvium

Hoisture conditions slightly moist to GO cm, moist below

Groundwaters 80 cm. Drainage classs poorly drained

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

N O~5/17 Black (10YR2/1) moist and very dark grey (10YR3/1)

om drys clay loams weak fine crumb; soft dry, very

friab.e moist, slightly sticky, nonplastic wetl;
commor: fine tubuler pores; clear wavy boundary.

A2 5/7=20/23 Vory dark greyish brown ( 10YR3/2) moist and dark

om greyish brown (1OYR4/2) dry, few fine faint clear

brown ( 10YR5/3) mottles; clay loam; moderate finc

end mediuvm subangular blockys friable moist slightly

sticky; nonplestic wety common fine fubuler pores;

commor: fine end few medium roots; clear smooth

boundary .

Bw 20/23»55/60 Very dork greyish brown (1OYR3/2) moist, common

on fine distinct clear strong brown (7.5YR5/6) mottless

clay ‘oamj moderate medium subangulor blocky; frieble

moist, sticky, slightly plestic wety meny fine poross

few fine rootsy clear and smooth boundary.

Lghb 55/60 cm + Greyish brown (1OYR5/2) moist, many medium distinct
clear strong brown (7,5YR5/6) mottles; clay; moderate
mediwn subangular blocky; friocble moist, sticky,
plastic wet; many fine and few medium tubulcr poress

very Few fine rootse

Ronge of profile characteristics

The colour of the A horizon ranges from very derk greyish browr to black,
end that of the B horizon from dark greyish brown to derk grey. Soil textbure

usually varies from clay loam to clays

Envirommental characteristics

These soils ocoupy flat backeswemps formed by the Rugufu river and its main
tributeries, They remain waterlogged throughout mogt of the rainy season, but
are somewhat protected from river floods by the slightly reised, abandoned levees

of the floodplain. Mogt of the ares is covered by short and mediun grasses.



Land uge

None

50il analvtical data

Poage @

Semple Depth Particle size distribution Toxt silt/
cm Sand 51l Clay Class  olay
56-20m  20-2m
11.6478  0-5/7 34 16 20 30 CL 1621
79 5/7~20/33 33 12 22 33 oL 1404
80 20/33-55/60 34 16 18 32 CL 1,08
81  55/60+ 21 12 21 46 c 0a74
0o T CAY Exchengesble cotions(mog/100g soil) — Sum  CEC soil
e/ [+ LI o
5 ” Wa i Ca Mg ! beses (sum)
2426 0.36 6. 0a17 0040 4480 1460 20,00 6.98 26,98
3648 0022 16 Oal14 0214 3620 2040  18.00 5:93 23493
0:58 0,06 10 0610 0,06 3460 1.60 8,00 5436 13436
1,10 0,12 9 0a11 0609 4640 4640 16,00 6e60 22462
H Sum bases CEC cley : base P ( -HES/ )
H,0  Call, olay meg/  meg/ ESP  saluration e/ o
< 100z % ppm
540 4e2 23 91 0465 26 3ad 0022
448 . 4al 18 13 059 25 102 0417
560 . e 17 42 00\74 22 Tol 0s13
4e8 . 4e2 14 50 0448 29 Jed Oe11
MLPPING UNIT Fr

This wnit mainly consists of deep, well drained soils having a dark brown

to very dark greyish brown loamy sand o horizon, overlying a strong brown or

yellowish brown sendy clay loam t0 sendy clay B horizon.

They are clagsificd

a6 Dystric Cofibisolé- in the FAO Legend end Ustic Dysbropepts in the USDA Soil

Texonomy s
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Typical profile, 133/1/79

Locations grid TJ 282 T4

Dofe of examination: 15/6/78¢ Authors:  Jo Mogogo, Ee Bomens

Lendferms  old floodplain ridge

Site: flet, 1% slope

Hicroreliefs none

Blevation: 1,260 m

Perent materials  probably old alluvial deposits,

licigture condition: Dry to 30 cm, slighitly moist to 80 cmy; moist below

Growndwater: nonee Draincge class; well draineds

Reok owberops/surfoce stones: mnone. Hrosion/deposition: none

A 05 Brown to dark brown (TOYRS//;A) moist end brown (']OYRS/ 3)
om drys sendy loam; moderate fine subangular blocky; soft dry,

friable moist, nonsticky, siighicly plagtic wety many finec

and common medium tubulor porest many fine and mediwn

rootss sbrupt smooth boumndary.

AB 5~20 Yellowish brown (1GYR5/4) meist and light yellowish browm
om (10YR6/4) ary; sondy cloy loam; weok medium subengular

blockys slightly hard dry, fricble moist, slightly sticky,

slightly plastic wet; many finc tubular porcsy few fine

and common mediwn roots; gradual smooth boundary.

Bwl 20.125 Strong brown (7»5YR5/6) moist and light yellowish brown
cm $0o brownish yellow (1OYR7/ 6) dry; sendy clays weak, modium
subanguler blocky; friable moist, sticky, slightly plostic
wety moany fine tubular poresy few fine ond medium, common
coarge rootsy clear smooth bowndarys
Bu2  125~150 Pale brown (10‘IR6/3) moist, few fine distinct clear red
om (2,5YR4/8) mottles; sandy clay; week medium subanguler
blocky: friable moist, sticky and slightly plastic wety

pores and roote not recorded.

Notes This profile isg fairly representative of the soils of the unit; except

for the texture of the A horizon which is sendy loam instead of loamy sande

Renge of profile characleristics

The A horizon is usually loamy send in teoxture; but ranges to sondy loam
in some profiless The B horizon varies from sandy clay loam to sandy clay in

texture, and from brown or yellowish brown to strong brown in colours
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Bnvironmentel chorccteristics

These soils appear to be developed in relatively old alluvial sediments
under a vegetation of woodland with a ground cover of short ond medium LrassCte
They ore on almost flet ridges occupying o higher dopographical position then

both the active floodplain arceos and levee—~backswamp systcme
Lend usc

Nones

Soil analytical dota

Particle size distribution

Sample  Depth Poxh Silt/
(em) Sand 5ilt Clay class clay
50-20m  20m2m
116492  0-5 14 8 5 13 SL 1.08
93 520 68 6 6 20 SCL 0.61
94 20-125 53 6 5 36 sC 0430
95 20125 47 5 11 37 5S¢ 045
96 125150 46 8 8 38 s¢ 043
Cols N C/N  IExchangesble cations(meq/100g soil) Sun  CEC soil
% % Na K Ca Mg H buses  (sum)
1010 0413 9 006 0618 2,80 1,20 4,00 4623 8423
0.81 0,10 8 0s05  0s16 1060 240 2,00 4021 6421
046 0,08 6 0,06 0018 1060 2,00 6,00 3484 9 o8
Ued1 0,07 6. 0,06 Cel4 2,00 1,60  1C.00 3,80 13680
0035 0005 7 Ou06 0007 2040 1060 14;;00 4070 18‘17
P Sum bases CEC clay base . EC
H O  Call, clay meq/  mog/ ESP soturation ¥ (miho/em)
2 100g % ppin
581 4e3 34 65 0,68 51 598 0:16
5.0 4e2 29 32 076 68 2,65 0,10
5.0 4o 11 27 0ab66 39 Ca1 0,07
5'2 4.5 10 38 0043 28 092 OwOB

546 5.0 13 49 0e33 23 063 007
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Appendix 4
INTERPIETATION OF S0IL ANALYTICAL DATA

The chemical characberistics of the soils of Mishamo Arco and their pomsible
influcnce on soil fortility are discussed in this Appendix. Teblc 16 gives the
average and standard deviations of the available analytical dote in relation to
the s0il mapping mnits recognized during the survey. 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 profilcs.

Owing ‘t0 the limited number of goil profiles for which analytical data are
avollable, there often occur significent differences in the chemical charactors
igtics within the soils of individual mapping uwnits., These varictions, as
expressed by standard deviation values in Table 10, are very wide in somo cases.
On the other hend, the average data of a given soil mapping wnit are not

significently differont from that of other unitse

Reaction

The soils of the arce ore strongly to very strongly acid ( pi~H20), sometimes
extromely acid (ﬂiwCaClg). 20 values range from 4.9 10 508, pHmCaClg values
from 442 10 5.0. Wo significont differences occur bebween topsoil and subsoil
volues. The low H valucs suggest high cxchangesble acidity, probably Al in

the cxchange conplex.

Orgonic matter

The average content of organic carbon ranges from about 1e5% in the topsoil
to 0«4 in the subsoil, which correspond 0 an orgonic matter content of 2%0h cnd
0sT% respectivelys. The devictions from these voluos arc not high. The orgenic
motter is usually concentrated in the upper 1015 com, decreasing abruptly with

depthe

The $otal nitrogen varics from an average of 0.13% in the topsoil to 0606

in the subsoile C/N ratios range between 4 and 16,

Txchongeoble basges

The dotal oxchongeable bascs is invariably low amd there arc little
differences between mapping uvnits. Volues range from Te3 1o 36 mcg/‘lOOg s0ile

Ho significant variations ocour between topsoil and subsoile
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0

T s SRR ey 3 e st Iy
Teble 16 = Anelvtical data, evorafes ond stenderd deviations

pi(E,0) | i Call,) 0+ ¥ ¢/ P - Sum of oo
; . S “ : beses ollia
Mapping Units ; ; ,
X 5 H{Z 8 H{X S N X S Njx s N{x 8 WX T R S =%
’ 5 | 5ed Oul 4{As5 062 412,03 0.86 410,12 0,04 4116 = 412s5 147 310,07 0.05 3|40 0 3f 8:6 341
Pu 58 5 edl 0.2 & A.? O, 8 0046 017 8 0505 0,03 8110 - 8 363 5g3 610,03 0,01 6 4 065 6 10: 6;? %
. ts | 5.5 = 2048 = 211650 = 2§0s92 = 2{10 = 2{4s5 = 210417 ~  2[5:2 - 2{11 - 2
Cuwt e 502 01 #414e3 0.3 4 1684 1s23 4§0618 0o 4110 «— 4131 5.3 410,21 0,10 4162 168 10 3,0
Cus{ ©) 55 | 504 Oel T{/ed 0s3 T{0e40 0418 T]0s07 0s02 T| & = T{1eT 468 T[0:25 0s29 Ti4e6 1.6 % 8.2 - ‘%
ts | 4.9 062 2{4e3 0ss 2{1419 150 2{0.10 0.09 2{11 - 2{ % 0 210.12 0,04 2[3.6 049 2{ 5.1 02 2,
o 65 | 5.8 0.3 3[5.0 0.3 31022 0405 3]0.02 0.01 3{14 ~ 3|t 0 3[0.07 0,02 3|5.4 0wt 31044 3.0 3
Ol 18 | 5e4 03 6i4el Ouq 611,32 1402 610414 0603 619 = 613,6 262 610517 0.07 6{5.7 268 6] 9.9 4.8 6
o1l e) 55 | 5o3 03 5|4s6 Ocd 5[0ef4 0s09 5]0.06 0s07 5| 8 = 5{2:0 2.0 50628 0s17 5{Te3 43 5[14e8 6a3 5
~ 'tS 534 003 5 4‘63 Og2 5 1»05 0520 5 OQ‘T3 0003 5 6 band 5 096 100 5 0317 0 03 5 407 090 8 2.‘4
o se | 5e5 0.3 4|47 Ouz 4]0.34 0,05 4]0.10 0.01 4] 4 - 4100 0.0 210,22 0,06 4163 245 AR
Vw s 1 5.7 -~ 2 5.1 - 2 1< 8 = 210,17 = 2170 =~ 212e3 =~ 21040 - 216.0 ~ 21450 - D
e te | 5s3 0 4423 05 412000 1203 4[0413 0,08 4112 = 4|12 166 40420 0413 415.6 165 4[16s0 110 4
88 5&2 0e3 5 4'4 Q04- 5 O¢49 0937 5 OgO6 0.04 5 8 - 5 2,4 2‘9 5 0.05 0.03 5 4°9 1'1 5 14.0 S‘O 5
35 ] 5.0 = 2042 = 210,95 = 2{0.12 = 218 = 2|42 = 2|07 ~ 2§42 = 2] 7.2 - 2
Fr 8S 503 003 3 ﬁ:6 003 3 044-0 O|05 3 0407 Lo 3 6 O°2 . 3 0.13 0‘06 3 4.1 0‘5 3 14.0 4'2 3
’ . te 53 02 9 ﬂa5 03 9{1eb3 -»= 970613 0s03 9110 9124 16 9019 0.9 9151 © .
A 1 : ‘ 7 : A ° e o9 9110 3e
B 58 § 5ed 0s2 Tf4e6 0.2 T{040 -~  T{0.06 - 8 7l 1 7jouts ouio Tfse 12 7|1 e 7]
Hotes tss topsoil
sa8 subgseil
trace

average
stenderd deviation
mumber of somples

0 b ok
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The Cation BExchange Capacity (CEC) is low bo moderate, with en average of
10tneq/100g g0il which is obout twice as much as the overege of the total
cxchengeable bases. This indicates o high oxchengeoble acidity (H and A1)

Besc saturation values are alsc low, often below 50

Dominent ceticns arc Hy Co and Mgy the Na values arc always low end ESP

vaelues arc usually less then 1%. The exchangeable K is goenerally lowe

solinity

ALl the soil samples analyszed arc nonwsalince E.C. values usually do not
cxcced 0625 mmho/cie

Phogphorus

Available phosphorus is vory lows Average values range from aboul 3.0 ppm

in ‘the topsoil 40 1.5 pprm in the subsoil,

The main limitations regarding the fertility of the soils of the surveyed
arco are high acidity, low exo%guwghﬁﬁggoityy low base soturation and low
phosphorus content. Fertilizers/ are thus required to obtain good crop yieldss.
Howover as the responsc to fertilizer application is unknown, they should be
introduced gradually. The usce of acidifying fertiliszcrs such as sulphate of

ommonia is not recommendede

The organic matter levels under the present conditions (miombo woodland)
appear b0 be adequatc, Howovers unless suiteble management proctices such as
_crop rotations with a long fallow period, growing of leguminous crops, recyling

of orgenic residucs, etc, arc adeplbed the soils will be depleted of orgenic

motbor din a short period of times
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GLOBSARY OF TERMS

Aljuvium
The material, such as clay, sand, silt and gravel, transported and deposited

by & river.

Lssociation (Boil)

A mapping unit in which two or more defined taxopomic units occuring Hogom
ther in a characteristic pattern are combined because the scale of map or the
purpose for which it is being made does not reguire delineation of the individual
501lge V

Colimvium
A deposit of loose, wnconsclidated mixed material, fouwnd at the fool of a

slopes Colluvium includes materiels which have reached the foot of the slope by

soil creep, humid surface wash ¢r mass movemendt.

Complex ( Soil)

A mapping 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 separabte them, A more intimate mixing of smaller aress of indiwidual
baxonomic vnits than that described under ‘soil association?.

1

Cuesta

An asymmetbrical ridge with csbsep scarp slope and a gently backslope or dip
slope, following the direction of the dip of the adjacent rock beds. Cuestas
result from the wneven erosion of inclined, alternmating weak and resistant rock

stratae

Dip

The angle at which a rock siratum is inclined to the horizontal.

Drainage

A general appreciation of t2e moisture conditions of a soil, hased on runoff,
goil permeability and internal discharge of excess water. Seven classes are
distinguisgheds ~

w Very poorly draineds weter is removed from the soil so slowly that the

water table remains at or on ‘the surface thegreater part of the time
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= Poorly draineds waber is removed so slowly that the soil romains wet
for a large part of the time. The watertable is commonly at or necar

the surface during a comsiderable part of the years

= Imperfectly draineds weter is removed from the soil slowly enough %o

keep it wet for significant periods but not all of the timc.

~ Moderately well drained:s wotbter is removed from the soil somcwhat slowly

so that the profile is wet for & small but significant port of the time.
w Hell drained:s water is rcmoved from the soil readily but not rapidly.
Well drained soils commonly retain optimum amounts of moisture for plant

growth after rains or irrigation.

-~ DSomewhat excessively draineds water is removed from the soil rapidlye.

{

Excessively drained: water is removed from the soil very rapidly.

Groundwater table

The upper surface of groundwater or that level below which the soil is

saturatede

Trongtone

Highly weathered irvon~rich clayey matcrial that is irreversibly herdencd
to concretions, hardpans or crusts, more or less mixed with quartz of other

moterialse

Mottles

Spots in the soil profile with o diffcerent colour than the soil matrix,

Their presence is usually indicatbion for impeded drainage conditions in the soil.

Permeability
The ease with which a soil or soil layer permits circulation of air or
wator. Permeability is closely related to the dexture and the structurce of the

so0ile

Porosity

The proportion of void spaces o the total soil or rock volumes
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Regolith

The loose incoherent mantle of rock fragments, soils mndweathered meterial
which rest upon solid rock. Regolith is not a synonym Tor s0ile It is the

unconsolidated material from which s0ils can develope

Soil conservation practices

Thoge so0il management practicesprimerily meant for protecting the soil
agoinot crosion. Many of these practices also have beneficial offcects on soil

Tertility and water conservation.
The most important soil conservation practices arege

= Crop residues: residues of the crops are plowed under, left on the soil
surface (muloh) or parbially mixed in the soil surface. Runoff ond
crosion caused by wind and water arc reduced. When plomt moterials are
used as a mulch they provide maximum protection to the lend; when
incorporated they provide less probection against erosion but have

stronger cffect in conserving soil ferbility.

- Minimum $illage: the least tillage nceded to produce cropse. The purposoc
of this practice is o0 evoid the rapid breckdown of soil structure,
decomposition of organic metter and moisture losses +that would accompany

intensive tillagee

- Cover crops: any crops that are planted or allowed to grow for the purpose
of kecping the soil covered. Besgides protecting the soil from crosion by
wind amd water, they can be incorporated as grecn manurce and smother

weeds e

w Mixed cropping: The concurrent cultivation of two or more crops on the
gseme fielde This method provides a bebtber and longer soil cover, capecios
1ly when harvest doos not teke place ot the soame moment. In some cases

the method allows a more efficicont usc of soil moisture and nutricnits.

- Ticd ridgings systom of alternating furrows ond ridges ocross the slope
with small dams in the Turrows ot regular distences in order fo prevent
the water from flowing over large distances. Punoff is rebarded,; thus

reducing soil erosion and improving watber infiltrabtion.

e Strip forming: o system of alternating strips of closegrowing crosion
resistent crops (e.gs grass) or nutural vegetation and strips of wider
gpaced crops (cogo maize) Perpendiculerly zligned to wind direction or

slope this prociice cuts down crosion by wind or runcoff.





