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ABSTRACT

This report describes a medium~-intensity soil survey of Ulyankulu
Refugee Settlement, Tabora Region. The survey was conducted by the
National Soil Service at the request of the Ministry of Home Affairs and
the United Nations High Commissioner for Refugees, United Republic of

Tanzania.

Apout 542 sg.km. were surveyed. The survey was based on field
observations using aerial photographs and topographic maps for compiling
the data. The field work was supported by laboratory analysis of
representative soils. The soils map of +the area was prepared at a

scale of 1: 50,000,

The major soils of the asrea were identified and described and their
sultability for agricultural use, in particular for rainfed crop produc-

tion, was evaluated.

Nearly 55 percent of the surveyed area is suitable for the
production of drough~resistant crops and about 15 percent is suitable
for intensive cultivation of a wide range of upland crops. The
remaining land can be used in other ways : some areas are suitable for
cultivation of paddy rice, other areas are only suitable for grazing,

production of firewood, or charcoal,
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INTRODUCTION

BACKGROUND AWD IMPLEMENTATION

The soil survey and related land use suitability study of Ulyankulu
Refugee Settlement, Tgbora Region, were undertaken by the National Soil
Service Project in order to assist the Ministry of Home Affairs and the
United Nations High Commissioner for Refugees (UNHCR) in planning the
production of food crops for a population of about 30,000 refugees.

The field work was carried out between the months of November and
December, 1977,by J. Magoggo, Agr. Research Officer, L, Daggaa and N.R,
Lesika, Agr. Field Assistants, E. Bomans and J. Hof, FAO Associate
Experts.

The aerial photographs of the area were interpreted by J. Hof and
E. Bomans, FAO Associate Experts. The chemical analysis of the soils
was conducted at the Central Soils Laboratory, ARI Mlingano, under the

supervision of R. Menon, FAO Soil Chemist.

The report was prepared by J. Hof, FAO Associate Expert, B.J. Espinosa
Project Manager and J. Magoggo, Agr. Research Officer, in consultation
with Mr. E. De Pauw, Soil Survey Officer,

The report includes 3 main chapters, several technical appendices
and a soils map at a scale of 1:50,000., In Chapter 1 the environmental
factors of the surveyed area are described, in particular the geology,
physiography, climate, vegetation and land use. In Chapter 2 a general
account of the soils is followed by a description of the mapping units
established during the survey and shown on the accompanying soils mape.
Chapter 3 discusses the suitability of the area for the production of
rainfed upland crops, paddy rice and woodland. The appendices are
mainly intended for soil scientists as they include detailed technical
descriptions of the soils, soil analytical data, methods of soil survey,

methods for evaluating land suitability and soil classification.
SUMMARY OF CONCLUSIONS AND RECOMMENDATIONS

1. Four main physiographic units were recognized in the surveyed
area $ Isolated Steep Hills, Footslopes, Upland Plain and Bottomlands.
Some of these units were further subdivided on the basis of topographic

position, slope gradient and erosion hazards.
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2. Host of the Isolated Steep Hills are occupicd by shallow, grave-
1ly soils and numerous rocks oubcrops. The Footslopes and Uplend Plain
include mainly well drained, deep, red or yellowish red sandy clay loams
and sandy clays on the upper parts; and somcwhal excessively o moderote-
1y well drained, yellowish brown or pale brown sands ond loamy sands on
the lower parts.  The Botiomlands are covered by imperfectly to poorly

drained soils; ranging from sands to sandy clays.

3¢ A total of about 29,000 Has of the surveyed arca (55%), included
mainly in mappiang units 3 and 5, are suitable for the production of
nillet; sorghum,; cassava, and some groundmuts. Nearly 8,000 Ha. (15%)
occuring in units 2 and 4 are suitable for a sustained production of a

wide range of upland crops, including maize and beans.

4 The remaining land is not suitable for upland crops,; but can be
used in other ways for the sustenance of refugcees. Depending of the
amount of availlable water in the soil, some areas of mapping unit 6 are
suiteble for the cultivation of paddy rice. The hilly arcas (unit 1)

may be used for production of firewood and charcoal,

5, The main constraints for a sustained crop production are the
inherent low fertility of the soils, the rather low moisture avallability
for plant growth and the moderate risk of soil erosion on the slo~-ping

lande

6, Crop rotations having a short period of cultivation followed
by a long period of fallow arc recommended for the arca as a whole, in
particular for mapping units 3 and 5 where sandy scils predominate.
Where it is necessary, more intensive cropping can also be practised in
mits 2 and 4, but this would require heavy application of fertilizers

and/or manure .

7o Owing to marked differences in soil characteristics the responsc
o fertilizers may vary widely. Most soils of mapping units 2 and 4 are
expected to respond well, but not those of units 3 and 5. Particular
attention should be given to the utilization of crop residucs, cultive
tion of leguminous crop and application of farm manures wherec possgible.

The feasibility of using human wastes in the near future deserves study.

8o Recomnended soil comservation prachtices to control soil erosiom,
meinly in unite 2 and 3, include contour cultivation, tied~ridging, cover
crops and mixed cropping, and minimum tillage. The steep hills (unit 1)

should be kept under vegetabive covere
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9. For the sustenance gf a pomulation of ncarly 30,000 refugees, it
is suggested to cultivate every year sbout 3,000 Ha., of intercropped maiszc
and beans in mapping units 2 and 4; some 8?000 Has of bulrish millet and
sorghum in vnits 3 and 5§ and about 1,500 ﬁao of wnits 3 and 5 with
groimdnuts and sweet potatocse

10s A more detailed survey of umit 6 is suggested for identifying

the most suitable area for rice cultivation.
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Chapter 1
GENERAL DESCRIPTION OFF THE ARTA
LOCATION , POPULATION AND COMMUNICATIONS

Ulyankuly Refugee Scettlement is located on both sides of the

fgombe river in Urambo District, Tebora Reglon,; at about lotitude

4040, South and longitude 32010' Haste It lies between 990 and

14230 m, above sea level. The settlement covers a total arca of

1,000 sqgokms approximately out of which 542 sge.km. were surveyed.

The Settlement iz inhebited at present by nearly 60,000

refugees from Burundi.

Nonemetalled, dry-weather roads link the Settlement with
Urembo and Tabora towns; at o distence of 50 and 90 kmo. respechti-
vely. Therc is a railway connecting Urombo and Tabora with
Dar—es~3alaam, Mwenza end Kigoma. Alr sorvice is available at

Tabora town only.

In the Settlement itself there is a wellwdeveloped network
of roads linking homestead sites with the administrative quarders,

dispensary, school and other facilitics.

GEOLOGY AND PHYSIOGRAPHY

Ulyankulu Refugee Settlement is included in the Central Granite
of the East African Basement system., The rockis, which trend HU-SIH,
are mainly coarse gfained grenites and guocisscs. They form the
substratun of the area. 4 thick ngoliﬁh'of weathered rocks and
goil cover the foofslopcg and upland plaine. The bottomlands arc

overlain by both alluvial and colluvial, sandy and claycy scdiments.

The Settlement ocoupics o gently sloping upland plain between
two ranges of steep, isolated hills with granitic rock outcrops and
extensive fooltslopes. The upland plain has been disseched by the
Igombe river forming & wide main valley and o ncotwork of :smaller
tributery valleys. The tributary valleys rmun parallel or ab right
angles to the main valley, which suggest that joints and famlis in

the bedrock controel the drainage pattern.

Four major physiographic uwnits were recognizeds Isolated
Steop Hills, Foobslopes, Upland Plain cnd Bottomlends. Some of the
wnits were Further subdivided on the basis of pogition and slope
gradients The uvnits and their subdivisions arc shown on the Soils

Mape
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Isolated Stecep Hills

his unit comprises a number of isoleted, small hills occuring
mainly in the south—castern part of the surveyed arca. The hills are
rownded { dome~like shapo) and often risc upto 100 m, sometimos morc,
over surrounding land. Dominant slopes range between 16 and 40
percento' Granitic rock outbecrops and boulders are common. Where

present the regolith is very thins

Footglopes

This wnit includes gently sloping arcas lying=at the foot of the
isolated hills. Slopes reamge from 2 +to 6 percent throughout most of
the unit; except the lower parts which are almost flat. The slopes
are slightly concave in shape which indicatcs that running water is
the main slope forming agent. The regolith is several metres thick

and appears o be in situ.

Upland plain

This unit comprises & plain of 1ittie reliefy with broad, slightly
convex summits and slightly concave ¢lopes. Dominant slopes generally
do not excced 2 percent. The overall shape of the landform suggests
that both splash erosion and running waber are the mein slope forming
agents. As in the case of the footslopes, the regolith is several

metres thick and apparently in situ.
Bottomlands

This unit includes a network of almost flaty wide, shallow valleys
locally known az ‘mbugas's The main valley hes been formed by the
Igombe riversy the smaller tributary valleys are the drainage ways of

the arcae

The valleys hove been filled by alluvial snd colluvial sediments.
Clayey, alluvial scdiments predominate in valley centres and deprese
sions; rather sandy, colluvial sediments cover most valley cdgese
Sediments appear to be a few metres thick only; over the basement

rocks s

CLIMATE

The climatc of Ulyankulu Refugec Settlement is characterized by
a warm reiny season (Wovember-May), during which 90 percent or more
of the rainfall occurs; and by a warmy almost rainless dry season

(June~October),



4

(3)

There is no meteorological stotion in Ulyankulue. Instend
avelloble climetic dota for Urambo are givon in Tables 1,2 and 3,
which arc believed to be fairly rcpresentative. Also date for Tabora
arc included. In Fignre 1 the temperaiuro? rainfall and potential
ev&po%rahspiratio& data for Urambo are corrélaﬁedo Figure 2 shows

a rainfall probability curve for Tabora,

Owing ‘o differences in altitude; it is expected thaot fompera—
tures would be slightly higher (pbssibly OQSOC} in Ulyankulu then in
Urambos On the other hand, the annual rainfall is cxpected to be
glightly lower in Ulyankulu.

Temperature at Urambo is rether wiform throughout the ycar.
June and July arc the coolest months with a mean tomperature of
0 . . 0
about 21 C, October iz the hotlbest month with a mean of 25,5 Cs

Daily emplitudes remge from 11°C to 17°C.

The meun rainfall in Urambo is 981 mn, out of which 90 percent
or more falls between November and mid May. Comparison of the number
of days with rain and number of days with thunder suggests that most
of the rain falls during thunderstorms. Rain intensity during thesc

storms is expected o be high.

The reinfall probability curve given in Figure 2 for Tabore
Observotory shows that annual rainfall exceeds 750 mm in 80 percent
of the time (4 ont of 5 yoars)a Ixtremes vary between 354 and
1390 mme A similar rainfall patiern is expected to occur in

Ulyankulu.

From available data for Urambo ToA.Ce mnd Tabors Airport, it is
inferred that relative humidity in Ulyankulu is moderate in the dry
season and high in the rainy scason, Mean minimum valucs moy vary

between 50 and 75 percent.

BEstimated potential evapotramspiration at Urambo is about 1800
mm a year. During the dry secson potontial evapotranspiration largely
exceeds roinfall (932 mm as ageinst 29 mm), whereas rainfall cxceeds

potential evapotranspiration in the rainy scason,

Note * Of greabter hydrologicul significance than the mean storm intensity
are the frequency end durction of high intensity falls. To a good

extent these factors determine the erosivity of the rain.



Figure 1 TEMPERATURE, RAINFALL AND POTENTIAL EVAPOTRANSPIRATION
URAMBO T.A.C.
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Figure 2: RAINFALL PROBABILITY TABORA TOWN
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URAMBO T.heCoe
Absolute Maximun
Mean Maximam
Yean

YMean Minimum

Absolute Minimum

TABORA«ObserVaiorv
Sbsolute Meximun
Meszn Maximum

Heem

Meen Minimum

Absolute Minimom

Jane
33%2
28,7
230
174
13e3

339
27,7
22,6
1753
1349

Febo.
3404
29 52
23,2
1742
1101

344
28,0
2247
1744
1540

HMars
32.8
29 a1
2342
17 o4
7494

32,6
28,1
2247
174
14,67

Apre
3202
28,8
230
1743
1462

33a4
27,8
2245
1742
14,9

3146
2749
5241
1643
1142

June

35.0
295
2122
12.9

8aT

31.4
28,0
2143
14T
1060

31’?
28 o2
2143
14 64k
10,0

3263
29 c3
22.5
157
70'0

5CDe
36,7
31.9
248
17.8
11a1

3443
31.0
2442
17 a4k
1349

Octe
3641
32.4
25.5
18.6
13.3

Fove
36,7
3el
247
18,3
126

34.9
30:9
2449
1849
14,0

Dec,
347
28,8
2342
177
1349

342
28;1
229
177
1540

Yoor
3647
29 «9
23.2
1646
641

36,0
28.9
22.9
1740
100

Mean temperstuce calculated as (mean meaximum ‘emperature + meen minimum temperature) -2
Temperature data for Tabora Observetory : average from 27 years, 19301956

Temperature data for Uramho Telhel. ¢ average from 16 years; 1953~1968

Source : Bagt African Meteorological Department (10, 11)
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Febo

URAMBO T.4.C. Jan. Mer. Aprs - May June  July
Highest 281 200 273 318 133 12 15
Mean 140 160 181 153 38 1
Lowest 63 14 60 38 0 0 0
Maximum in 24 hours 5 143 66 59 9 1 15
TABORA Observatoxry

Highest 228 323 378 328 145 39 3
Nean 132 129 166 134 27 2 0
Lowest 571 41 25 28 1 2 0
Maximun in 24 hours T4 9 84 T4 71 27 -
TLBORL Airport

Highest 194 22 303 163 115 0 0
Meen 147 144 162 107 25 0 0
Lowest 13 22 20 13 1 0 0
Maximum in 24 hours 61 62 17 73 29 0 0
Rainfall date for Tebora Observatory : Average from 69 years, 1894-1962

Rainfall deta for Tabora Airport s Average from 11 years, 1952-1962

Rainfall data for Urambo T.h.C. Average from years, 1948~1962; except mzan

Sources Bast African Mejeorological Department ( 10)

23 years

- O O C

87

13

B

68
17

39

87

24

28

Tov,

364

108
21
59

432
703
22
71

305
95
18
81

-+
-

Dece

322

173
60
67

371
174

87

260
170
45
51

Year
1347
981
651
143

1390
892
354

87

1197
882
672

81

i i, e Bl e B e D

2irfall which is the averaze from
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Table 3, Other climeiic d

Records
Hoesof

URABO TehoCo» Jan. TFebe Mar. Apra May June July Augs Seps Oct. Nove Dece Year Years  Period
Potential evapotrans—

piration 123 114 14 121 140 157 155 195 204 221 155 123 1822 - -
Relative humidity: : :

meen minimum, % 51 57 54 3 49 36 40 37 30 28 37 52 4 10 1953-1962
TABORA Observatory
% of years mean rainfall

is exceeded 47 43 43 AT 27 10 - 13 30 37 3 47 49 30 19311960
Average number of days

with rein 1 14 15 13 4 0 0 0 1 213 20 99 & 1894-1962
Average number of days

with thunder 14 13 14 9 2 e 0 0 1 2 9 15 i) 62 189416 62
Mean cloud cover, in

octas 06,00 GMT 599 5 98 5 o 5 .6 4 ) 295 1s7 1.9 2 39 Lol 5 s} 5 o £s3 25 ‘}931""1955

12,00 CHT 599 58 5.9 6.0 5.5 3.8 2.9 34 45 5.3 59 6.0 5.1 25 19311955

TABORA Airport

Mean evaporsiion from

a 15! waterpan 167 129 142 169 202 211 229 271 311 314 209 164 2528 6 1957-1962
Reletive humidity: ‘
meen meximum, % 94 94 94 94 & 19 71 66 65 € 19 90 82 11 1952-1962
Mean windspeed, knots
06,00 GMT 3 3 4 7 & 9 9 k) 12 10 6 3 7 11 195219 62
12,00 GHT 5 5 5 1 T T T T T 6 6 5 6 N 19521962
Sources @ * Calculated with modified Penmen method as given in Crop Usber Requirements, FAO (7), using climatic data

from Urambo and Tebora.

*%  Atlas of Tenzania (4), calculeted with dete assumodio be from Tabora Observatory.
411 other date: Iast Africen Metearclogical Department (10,11).
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VEGETATION AND LAND USE

Mogt of the vegetation which remains in Ulyankulu is miombo
woodland with an open canopy, sometimes with shrubs in%erspersed
Grasses, herbs and hedges predominate in the bottomlands, with

some scattered trees and shrubs on termite mounds.

The cultivated, well drained land is used for rainfed crops,
mainly maize, cassavaj beans and sweet polatoess Tobacco and
groundnuts, though grown on a rather small scaley; are the main
cash crops together with sweel potaloes. Intercropping is a

common practice esge mailze and beans, cassava and sweelt potatoes.

Rice is the main crop in bottomlands, especially in the
vicinity of the Igombe viver. It is grown by preference in poorly

drained, waberlogged soilse
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Chapter 2

SOILS

A goneral account of the soils of Ulyarkulu Refugee Settlement
and a description of the mapping units; as shown on fthe accompanying

Soils Map, are given below.

As far as possible the soils have been described in nonetechnical
terms. Detalled technical descriptions of individual soils ‘togetier
with available analytical data are given in Appendix 4 of +this report.
An account of their classification in terms of internationally accepted

systems is included in Appendix 3.

GENERAL DESCRIPTION OF THE SOILS

The sgoils of the area can conveniently be discussed in relation *o
the physiographic unit= established during the survey, as given in the

Soils Map.

The Isgolated Steep Hills are characterized by a complex pattern
of generally shallow, rather coarse-textured soils and numerous granitic
rock outcrops. Dominent slopesiange from 16 to 40 percent, exceeding
100 percent in some places. Main limitations for agricultural develop-

ment are rockiness, steep slopes and severe drought and erogion hazards.

The Footsglopes include gently sloping areas, O~6 percent slope, at
the foot of the isolated hills. The major soils on the upper parts are
well drained, deep, friahle sandy clay loams and sandy clays, sometimes
with abundant ironstone gravels at less than 100 cm from the surfacee
The surface horizon is usually dark red or dark reddish brown in colours
the subsoil is either red/dark red or yellowish red. Soil reaction is
slightly to moderately ecid, Low natural fertility and moderate to
severe erosion hazards are the main limiting factors for a sustained

crop production.

In contrast the lower parts are covered by somewhatl. excessively
drained and moderately well drained, deep, loose sands and loamy sands.
The suface horixon is dark greyish brown to dark grey in colour; the
subgoil is light yellowish brown and pale brown, often with meny strong
brown motltles in the upper part. In some areas, especially in those
ad joining the Bottomlands, these soils have an ironstone layer within
100 cme of the surface. Soil reaction is slightly to moderately acid.
Crop production in these sandy soils is restricted to a greabt extent
by their low moisturc and nutrient retention capacitye. Other'limiting

factors are risk of erosion and limited root penetration.
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The Upland Plain is covered by the same kinds of soils as the
Footslopes, Dominant slopes are O=2 percents

The Bottomlands include a wide range of soils occuring in intri-
cate patterns. Texbure varies from sand to sandy clay; and colour
from greyish brown to dark grey, somelbimes darl brown, usually with
prominent strong brown motitles, Some of the soils have & hardpen

(hardened layer) at about 50 cm. of the surfaces

Drainage is generally poor. A good part of the soils remain
waterlogged during the growing seagon, which precludes most agricul..
tural crops except paddy rice. Many areas receive waber mainly as
run=-off and groundwater seepage from adjoining higher—lying lond,

In some years areas near the Igombe river are flooded,

DESCRIPTION OF THE MAPPING UNITS

The soils of Ulyankulu Refugee Settlement were mapped on a physis
ographic basis. More specifically, for sebling up mapping wnits the
goils were correlated with landforms, landform elements and parent
materials., In addition duc attention was given to drainage, degras
dation processes and to those soil characteristics relevent to
menagement. The units represent soil agsociations which include two

or more goils occuring together in a regular, geographic patlorn.

Six mapping unite were set up and are described below in numerical
order, as they arc shown in the legend of the Soils Map. The descrip~
tions are given in & babular form, They indicate the kind of landscape
within the units: how the different soils within the unit occur in
relation to this landscape; the main identification fealbures of cach
50ily which usually lie within the subsgoil layer; drainage classjy and
an egtimate of the proportion of the unit occupied by each soil.

There is also a column of soil symbols, the main purpose being o
facilitate identification and correlation of the individual soils
recognized during the survey. The same symbols are used throughout
the report and on the Soils Map, therefore. A1 the bobtom of each
table, a general descripltion of the mapping wnit is given ftogether

with information on present land usce
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MAPPING UNIT 1 Areas 11 sqg.kme, 2% of surveyed ares
Position in landscape, Soil Proportion
slope Symbol Soils Dreinage %
Isolated sfeep hills, H Granitic rock outcrops and Somewhat 100
16-40% slope undifferenticted, mainly excessively

shallow, gravelly soilgs drained

Notes : The wnit occupies a number of isolate sieep hills occuring mainly in thes south-eastern part
of Ulyankulu. Dominant slopes range from 16 to 40 percent, exceeding 100 vercent in some
places. No crops are grown in the area. Open woodland is the main vegetative cover, but

rock oubcrops are bare of vegetaltion,
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MAPPING UNIT 2 Areas 32 sa.km., 6% of surveyed arca
Pogition in lendscape, Soil Proportion
slope Symbol Soils Drainasze %
Footslopes, gently sloping U1 Deepy friable, red/dark Hell Jdrained 60
upper part, 2+6% slope red end yellowish red sandy

clay loams and sandy clays

Ditto U2 Ditto, but ironstone Ditto 30
gravels within 100 cm of
the surface

Ditto; but lower end U3 Deep, friable; yellowish Dito 5
red sendy loams

Ditto Ui Ditto,; but ircomstone Ditto 5
gravels within 700 om
of the surface

Hotes: This wit includes gently sloping areas lying at the foot of the isolated hills,; mainly
in the south—eastern pert of the area. Many areas have been cleared for cultivetion of

mainly maize; beansy cassava andsveet potatoes. Uncultivated arces are under wocdland.,
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UAPPING UNIT 3 Areas A8 sgekmo, 9% of surveyed area
Position in landscape, Soil - ' Proportion
slope . Symbol - Soils Irainage %
Footslopes, gently sloping U5 Deep, loose, light yellowish brown Sonewhet 40
lower part, 2=k slope end pale brown sands and loamy excessively
: sands ) drained
Ditto U6 Ditto, but ironstone layer Ditto 15
within 100 cm of the surface
Di%to U7 Deepy loose, light yellowish brown Moderately 35
and pale brown sends and loamy well drained

sands with meny strong brown
mottles within 100 cm of the sur—
face

Ditto U8 Ditto, bubt irvonsione layer Ditto 10
within 100 cm of the surface

Netes: In the vicinity of mapping units 2 and 4, there are some areas occupied by somevhat excessively
dreined strong brown lcamy sands and sandy loems, with or without an ironstone layer within
100 cm of the surface. This urit occupies gently sloping lower parts of the foctslopes. A
good part of the land has been cleared for cultivation, mainly of maize, beans, cassava and
sweet potatoes. Tobacco and groundnuts are also grown in some arcas., Uncultivebed areas are

under woodlend.



( 13)

105 e e AL s
105 sadhms. 9% of surwv

O
c«—]Q'pa ,j'fmf;*f\‘? no.; o .DT' s [
B0 PT [ H RO OL LS ralnage ol

Ditto, tut Lower end U3
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MAPPIIG UNIT 5

191 sgekine, 35% of murveyed :

b as e emm

Pogiticon in lendscope, Scil
slope Symbol Soils Drainece
Upland plain and footslopes, U5 Deep; loose, light yellowish Somewhat 40
almost flat lower part brown and pale brown sands and excessively
loamy sands dreained
Ditbo U6 Dittoy but ironstone layer Pitbo 15
within 100 cm of the surfece
Ditto U7 Dedp,; loose light ycllowish Moderately 35
brown and pale brown sands well drained
and loamy sands, with meny
strong brown mottles within
100 cm of the surface
Ditto U8 Ditto, but ironstone layer Ditto 10

-

within 100 cm of the surface

Wotes: In the vicinity

of mapping vnits 2 and 4, there are some areas occurisd by somewhat excessively

drained, strcng brown loamy sends end sendy loems, with or without an ironstone layer within 100 cm

of the surfocea

This unit covers almost flat lower parts of the footslopes and uplend plain. Haize, beans, cassava

and sweet poitatoes are the main Crops.

areas are under

woodlend.

Minor crops include tobacco and groundnuise.

Uncultiveted
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BAPPTNG UNIT 6 Lrezs 155 sg.hkme, 29% of surveyed arec
Pogition in landscepe, Soil Proporticn
slope Symbol Soils Drainage %
Bottomlend, almost fiat iy Dark greyish brown sandy clay Foorly 30
edges and centres, 0=2% loams and sendy clays, with drained
slope herdpen (hardened layer) below

about 50 cm of the surface
Ditto, end waterways and L2 Deep, grey and dark brown Imperfectly 50
depressions sandy clay loams and sandy and poorly

clays draoined
Bottomland, scatiered L3 Mainly deep, loose, greyish Imperfectly 20
patches throughout the brown sands and loamy sands crained

unit, O~2% slope

Hotess

HMost of +hg gbils have prominent strong brown mottles throughout the profile. Owing to the

mplexity of the soil patterns the proportion of the individuel scils cculd not well Dbe
estimated.
The unit occupies almost flat bottomlends, locally known es "mbugas". 4 good part of the soils
remein weberlogged during the rainy season, especially in weterways end depressions. These

-

soils recelive 2»73.“{':‘{01’ rime=0ff and/o;ﬂ seepage from adjoining, higher-lying lmd, Occasionally
(not every year) areas near vhe Igombe river are flooded for short periods ot a Fime s

Rice is the mein crop in waberlogged aress. Maize, cassava, beans, and swcet potatoes are grown

in +he better drained lend. Scattercd trees occcur in many ereasy; often uvn termite mounds.
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Chapter 3

LAND EVALUATION

In this chapbter the practical significance of the soil differences
recognized during the survey,; together with important evironmental foce
tors, are assessed in respect of crop production. More spocifically
the soils, climate, physiography, drainage characteristics, soil
degradation processes, eic. are svaluated in relation o relevent kinds
of land use. This assessment is made taking into account the main
socio=economic aspects applying‘to the surveyed area. It may be noted,
however, that detailed quantitative studies correlating social and
economic factors with physical land attributes are beyond the scope

of +this reporte.

The principles and methods given in A Framework for Land Evalugm
tion, FAO (13), by means of & land suitability classificabion have
been followed (Suitability refers to the fitness of a given type of
land for a specified kind of land use)., The differcnt land units
recognized in the Settlement are cvaluated below in terms of land
suitability classes in respect of ten land use alternatives. The
rating is determined on the basig of five physical land atitributes,
which are congidercd as the most relevant ones for the purpose. In
termg of land evaluation thesc attributbes are referred o ag "land

quadlities®,

LAND USE ALTERNATTVES

In view of the limited agro—ecological information available ab
present the land use alternatives, for which suitability ratings are
given, include mogt of the crops which are commonly grown in the area.

The crops under consideration are

i) Roinfed upland crops: maize, sorghum, bulrush millet, swect
potatos, beans, groundnuts and tobaccog
ii) Paddy rice which is grown on land thot is waterlogged for

mogt of the growing secason;

iii) Woodland, mainly for firewood and’charooala

It is assumed that the crops are grown in small holdings, with
low capital inputs, high labour intensity and no or little mechenize-
tione Other inputs include light or moderate application of fertilie
zersy and some minor management practices such as contour farming,

ridging, mulching, simple flood-pratection measuresy etca
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Teble 4 = Meoin ecological requirements of relevant crops, Ulyankulu

Refugee Settlement

1

[ . s . o st 1
i Crop Weter t Soil Fertility | Suscepbibility Remoxks
i Regiir{ requirements to waters
ment logging
Maize H H H Very susceptible o
dry spells in critical
growth stages
Cassave L L M Tuber development is
restricted in shallow/
clayey/stony soils
Bulrushe L L M
millet
Sorghum L L Mow L
BSweete L U il Tuber development is
potatoes restricted in clayey/
stony soils
Groundnuts M ol H Horvesting and nuh
developmnent arc
hampered in hard/clay@
s0dls
Beons " M 0
Tohacco M s ! Plue~curced types are !
best grown on light
and medium fextured |
soils |
Paddy rice H i) L Soils should be level |
and should maintain é
! surface water i
Woodland L L M - Root development s 1
f regtbricted in shallow
. solls !
! o

He high M: meddum 1z low
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Land use alternatives which deserve atbtention in the fulure
include fruit trees, cowpeas, soya beans, vegetables, sunflower,

forages crops, rangeland, etc.

The main ecological requirements of the crops under consideratbion
are given in Table 4, The requirements, as shown in the table, are of
general qualitative neture only and may vary with different plant
verieties or management practices, Water/éoil fertility requiremonts
and susceptibility to waterlogging are expressed in relotive terms
such ag high (H), medium (M) and low (LYo In preparing the toble mdst
of the data have bheen teken from a number of publications on tropical
crops, notably Bast African Crops by Acland (1)? Guide for Iield Crops
in the Tropics end the Subtropics by Litzenberger (16), Manual for
Land Suitability Classification for Agriculture by Van der Kevie (24),

and Crop Water Requirements by Doorembos ond Pruitt (7)9

LAND QUALITIES

A land quality is a complex atbttribute of land which acts in o
digtinct monner in ite influcnce on the suitability of land for a
specific kind of use., BExamples arc moistbure availebility, flooding
hazard, nutritive value of pastures; etc. Land qualities are combina~
tions of individual land characteristics which are atitributes that
can be measured or estimated, such as rainfall, available water
capocity, texturc, slope angley etces As lond qualitics cannot be
meagured directly, they are usually rcted in relative terms such as
good, poor, etc. based on the measured lond characteristics which
determine them,

The five land qualities that hove been selected for assessing
the suitability of the land units cstablished in the surveyed area arc
are moisture aveilability, soil fertility, drainage conditions in
growing season, erosion hazards and capability for maintaining surface
watere These land qualities cre believed to be relevant to the lond

use alternatives under gongideration.

Moisture availability

The moisture in the soil which is available to plants is determined
by two major factors 3 the water supply by rainfall and/or irrigation,

and the available water-holding capacity of the soil.

The water supply under rainfed conditions is dependent on the total
amounts of rainfall erd potential evapotrenspiration as well as on the
length of the rainy season., The available watereholding capacity is
determined by a number of soil charaecteristics such as texlture,
structure, organic matter, depth and amount of graovels and stones in

the profile,.



Soil fertility

The appraisal of soil fertility iz bosed on chemical data only.
It mainly rcferg to the presence of plant nutrients in the soil and
whether these nutrients ave cadily avarlable to the plants. MHain
parameters are nitrogen content, aveileble phosphorus; exchengechble
potassiumq cabion exchange capacity, basc saturation and soil reac-

tione

Drainage conditions in gprowing season

Soil drainege refers o the rapidity end extent of the removal
of water from the soil, im relation to cdditions from rainfall,
surface run~off and groundwater seepagee. The drcinaze condition of
o 50il is estimoted by the frequency and duration of the periods
when the soil is soturated with water. It is also inferred from soil
characteristics such ag texture; structure, colour, mottling, quality
and guantity of orgenic matter os well as topographical pogition and

groundwaber levelse

Erogion hazards

In the surveyed area, this land quality refcrs mainly to the
susceptibility of the soil o wabter erosione The susceptibility of
the soil o water erosions The susceptibility depends on a number
of factors such ag raeinfall (total rainfall, intensity and frequency
of showers); slope gradiens and slove lengths soil erodibility,
which is the inherent susceptibility of the soll to detachment and
%fansporﬁ by rainfall and run-offy and the vegetative cover. e
rigk of soil loss by wind erosion appacrs to be insignificent and it

is not congidered at presanib.

Cepability for mainteining surface waber

This loand gquality is used only for radbing suitability for puddy
rice, which is a cwop that grows well in waterlogged or shallowly
flooded soils. Thus soils on which surface waber can be maintained
are most favourable. This cagability depends on soil drainage,

permeability, infil-:ration rate; bexlure; slope, elc.

Rating of land cualdiities

The rating of the land cualities in respect of the different
land units established during the survey is shown in Table 5. The
methodology and tochnical specificetions used for this rating are

given in Appendix 2 of the reporte
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Bach land quality is rated as good, moderate, poor or very poor
for agriculiture in general. The code numbers given to these rotings
are 1, 24 3 and 4 respectively. UThe ratings also reflect how severe
is a given limitation and to what extent it may resirict the use of
the land., For instence the rating poor for erosion hazards indicatesm
the presence of severe erosion hazards, the need for adequate protece

fion measures and/or whet kind of land use may be safely selecteda

These assessment of the lend qualities shows that the inherent
low fertility of the soilg,; the moderate risgl of soil erosion of the
sloping land and the rather low moisbure availability for plant

growth are the main constraints for a sustained crop produchtion.

1o~ The limitation of soil Tertility is severe throughout the
Settlement, which implies in general that good crop yields cannot be
obteined withont the use of fertilizers and/or manures, However,
owing to marked differcnces in soil charactberistics, the response
may vary widely. The low so0il fertility cen be corrected with
relative cese in mepping wnits 2 and 4, bubt not in wnits 3 and 5
where sandy soils predominate. Thege sgoils have a very low capacity
for storing plant nutricnts, which may lead to substantial losses of
fertilizer by deep, downward percolation. Conversely, during dry
spells the crops may be adversely offected duc to an increased concen
tration of fertilizer in the uvpper soil layers. It is preferable,
therefore, that chemical fortilizers be introduced gradually in order

0 gain experience in thelr use.

On +the other hand, the soil fertility may be maintained, or
even enhanced, by & combinabion of memagement practices,; such osg crop
rotetions with o long Tallow period; cultivation of leguminous srops
and application of farm manures end crop residuees. The feasibility

of using human wostcs deserves study as well,

As discusged above the appraisal of goil feortility is bhased
on available amalyticcl dota only, not on controlled field tdals. ¥No
detailed recommendaticns cam be made at present,; therefore, Also
data on important microe~nubrients, such as boron, copper, minc or

sulphur are not yet available,
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Table 5 =~ Rating of land qualities per land unit, Ulyankulu Refugec

Setilement
Lend wndt Land cuality
Hepping % Soil | Moisture % Soil Drainage ! Erosion Capability
wnit availability f fertility | conditions in { hazards | for mainmteai-
{ srowing season ning surface
; water
18 H 4 z - ] 4 4
2 U1 2 L3 1 2 4
U2 3 3 1 2 4
U3 3 ? 3 1 2 4
U4 3 i 3 1 2 4
3 U5 4 3 3 1 2 4
U6 4 % 3 1 2 4
U7 4 | 3 2 2 4
U8 4 ! 3 2 2 4 |
4 U1 2 ; 3 1 1 4 ;
U2 3 ; 3 1 1 4 |
U3 3 3 1 1 4
U4 3 3 1 1 4 {,
5 U5 4 ! 3 1 1 4 ?
U6 4 3 1 1 4 !
U7 4 3 2 1 4
[8]¢] 4 3 2 f 1 4
6 L1 2m3 3 4 L 12
12 | 5 3 34 3 1 12
13 g 3 3 v 4
/ i ‘ e

Aveilable infomation is not adequate enough far rating all land
qualitiess

## Some areas receive water as runeoff and/or gseepage from adjoining
higher areas, The higher roting is meant for waterwreceiving areas;
the lower one, for arcas nob cxposed o run-off or gcepage.
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2e~ Since the Settlement was until a few years ago under a pro--
tective cover of woodland end grasses, the land cleared for cultbivas
tion shows little or no evidence of past erosion by water, such as
rills and gullies, or truncated soils in the case of sheet erosion.
In the absence of severe damage, the susceptibility of the soils to
waber erosion is the main factor taken into account for the rating of
the land quality ferosion hazards!. It is noted; however, that
accelerated erosion is already taking place in some areas; €+%e
incipient gullies near roadsides occuring mainly in mapping unit 3,

depogition of fine soil matgrial at the foot of lengthy slopes etc,

Owing %o the intensity of the rainstorms prevailing in the
areay the sloping soils of mapping units 2 and 3 may be damaged by
waber erosion, specially under intensive furmings The risk of erosion
in wnits 43 5 and 6 is slight, whereas the steep hills (unit 1) need
to be kept under vegetative cover in order Ho avoid scvere land

degradation.

3o~ The climalfic moisture regime of +the Settlement is cheracterie
zed in heving a water surplus in the rainy season, whereas potential
evapotranspiration largely exceeds rainfall in the dry seasons The
growing scason is gbout 6 months long, but there is the risk of dry
spells. Hence the moisture availability for crop production is
dependent; to a good extent, on the capacity of the soils for storing
water in the root zone. Soils U1 and L2 (mapping units 2, 4 and 6)
appear to hoave a moderate storing capacitys; the moisture holding

capacity of the remaining goils is regerded as low or very lows.

Some areas of mapping unit 6 receive additicnal waber, chiefly
as run—off and/or seepage from adjoining higher land. This makes it
difficult to cssess the soil moisture regime of the wnit as a whole.
Instead two tentative wabtings have been given for each soils The
higher rating is meant for water receiving arcas; the lower oney for
areas not exposed to rum~off or seepage. Further studies are required
for a more accurate evalustion of the moisture availability of thesc

bottomlands s

4o~ Tt may be nofed that the rabings for drainage conditions in
the growing secson do mot imply any important restriction for agricul-
tural production in the surveyed area, except in mepping unit 6o In
many arcas of this unit poor drainsge precludes the cultivation of

most agricultural crops; excent paddy ricea



The assessment’ of the capability for maintaining surface
watier of the different soils recogaized in the Settlement, indicates
that. only soils L1 and 12 (mapping unit 6) con maintain surface

water sabtisfactorily for rice cultivations

- LAND SUITABILITY CLASSIFLCATION

‘The process of lend suitability classification is the appraisal
and grouping areas of lond in terms of thelr suitability for defined
uses. According tv the fterminology given in A PFrameworvk for Land

Evaluation, FAO (13}, the classification adopted for the Setblement

is a "qualitative slasgifi 'y in which the relative suitability
of the different lond units recognized and mapped during the survey
are expressed in quelillbative © 2rins only, without precise calculation
of costs and returnz. It ig olso clasgsed as "current suitability™,

which refers to the suitability for a defined use of land in its

present condition, or wiith minor improved management practices only.,
Major investments on irrigation, land levelling, flood comtrol, etc.
appear 0 be unvractical within the prevalling socioeconomic context

of the area.

Four land suitabilily closses have been recognized. They are
w o

described below in sequoiace of decreasing degrece of sultability.

Class S1: Highly suitabls

Land having no gig o suslained application

of a given use, or only minor that will hot significent-
ly reduce productivity or beacfits and wilil not raise inputs above

an acceptable level.

Class 52: Moderabely wa

which in aggregabe are moderately severe

Land hoving linl<ations

for sustained application of o gi- uge; the limitations will reduce
productivity or benefils and inorease required inputs to the extent
that the overall advantoge to Lo galned from the use, although still

attractive, will be appreciably inferior o that on Class S71 land,

Clagg S3:  Marginally

umdhmmnglkﬁﬁmﬁwmxmwurﬁzmgm@amzmesmmrefm*
1

sustained application of = 111 reduce productivity or

benefits cr incrcase reg thot this expenditure will be

only marginally.
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Clags Ne Not suitable land

Land having limitations which appear o severe as to proclude
any possibilities of successful sustoined use of the land in the
given mannery or the limitations may be surmounteble in time but
cannot be corrected with existing knowledge at currently acceptable

cogts
LAND SUITABILITY CLASSIFICATION OF ULYANKULU RIFUGEE SETTLEMENT

‘The differont land units recognized during the survey of -the
area 88 ghown on the Soils Map are roted in terms of lend suitbo-
bility classes, in respect of relevant lond use alternatives. HMore
specifically the rating involves the confrontation of the physical
crop requirements (Table 4) with the land qualities (Table 5), in

order o give a predicetion of crop performences

In correlating thesc factors, it may be noted thalt & severe or
very severe limitation for agriculture in gencral, as indicated by
rating poor or very poor of o specific land quality, will-yet not
camse a limitation for cvery one of the land use alternatives under
consideration, Ixamples are poor drainege and severe risk of soil
ercsions, ?oor drainage ig a scevere limitotion in the case of roin-
fed upland crops, but not for rice cultivations Strongly sloping
land mey be largely destroyed by gully erosion if cultivated with
maize, yet this condition is not severely limiting for tree crops
which give good protection o the land., Thus in assessing the
sultability for the diffcrent lend use alternatives; different
welght is given H0 the rating of these land qualitices.

The land suitability classification of the land units and the
area of each land suiltability class per crop are given in Tables &
and T, as well as in the legend of the Soils Mape Irom these

tables it follows that s

1o Mapping Unit 1 (11 sqekm) is considered as moderately bo
merginally suiteble for woodland; and not suiteble for agriculiural
CTOPS «

2, Mapping Units 2 and 4 (137 sqekm) are highly suitable for
woodland and drought~resistant orops such as sorghum,; bulrush millet
and cassava; moderately suitable for groundnuts as well as for maize

and besns but over about 60 percent of the area onlye.

3, Mapping Units 3 and 5 (239 sqekm) are considered as moderctely
ghitable fof sorghum and sweet potatoes; for tobacco and casseva on
about 40 percent of the area; for bulrush millet on more than 50
percent of the land; and for groundmuts over 15 percent approximabely

of the arecas
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Table 6 = Lond suitability classification per land unit, Ulyankulu Refugee Seftlement

it

R b vt o ot b

bt

et Bt . IR A e i, R ] NI 05 A W S Mt

Land Unit Rainfed uplond crops
Mepping Area Area Bulrush Sweet : Paddy

unit sgekme. Soil  sgskme Maize Cassava millet Sorghum  Poiztoes  Groundruts Dbeans  Tobacco  Rice HWoodlend
1 11 H k] N N N i} 1} i) N, i) N S2-53( 1)

2 32 U1 19 52 S1 S1 S 52 s2 52 S3 iy S1

U2 10 83 $1 S1 s1 S1 52 S3 S3 N 81

U3 125 S3 S1 S1 S1 S1 s2 S3 s2 N S1

U4 165 S3 S1 S1 S1 52 s2 S3 52 N S1

3 48 U5 19 S3 s2 52 g2 S2 S3=-52( ¢) 33 52 N 51

U6 i 83 S3 52 52 S2 83 33 83 N 83

U7 17 S3 S3 S3 82 s2 $3-52( c) S3 S3 N s2

: U8 5 S3 S3 s3 52 s2 S3 S3 S3 N 83

4 105 U1 63 S2 S S1 S1 52 S2 82 83 i S1

U2 32 S3 S1 S1 81 S2 52 83 S3 N S1

U3 5 S3 S1 S1 S1 S1 S3 s2 s2 i} S1

U4 5 s3 $1 S1 S1 S2 52 S3 52 N S1

5 191 U5 76 S3 52 S2 s2 S2 $3-52(c) 33 s2 N 81

Ué 29 S3 S3 S2 52 S2 S3 s3 S3 N 83

u7 67 S3 53 83 S2 S2 53-52(¢) S3 S3 N s2

Us 19 3 S3 S3 S2 52 S3 83 S3 N s3

6 155 L1 45 N N N N N W N i) so-53(a) ¥

L2 78 i i} i S3 S3 i} i N So~-53(a) W

L3 32 N i) N N S3 N I N S2W &) W

Total area 542 sqekina

Areas given in

Hotes:

(a) Depending

(b) Depending

(c) Depending

fourth column are field estimetes only, not the result of direct measurenents.

on

on

Oon

availebility of weter

soil depthe

s01il texture:

loamy sand soils are better rated.



Teble 7 — Lend suitebility classes i areas ard crops

Area per Crop, sgekms
Mapping I Area Land suitability cless | : . v .
Unit | sgekms leize § Cassave § Bulrush § sorghum § Sweet f Ground— | Beans { Tobacco § Paddy ! Woodland
millet Potatoes | nmuis ' rice

1 | 11 Highly suitable - - - - - i - - - -
Moderately suitable - - - e - - - - - 3

Marginally suitable - - - - - v - - - - 3

Kot suitable 11 11 11 11 ‘ 11 ‘ 11 g 11 11 5

2 32 Highly suiteble e 32 32 32 115 ' - - . - 32
Moderately sultable 19 - - - 2045 32 19 3 - -

Marginglly suiteble 13- - - - - - 13 29 - -

Not suitable - - o - - - - - 32 -

3 A8 Highly sultable - - o - - - - e - 19
Moderately suiteble - 19 26 48 48 7 - 19 - 17

Harginally suiteble 48 2 22 . o 4% 48 29 - 12

Not suitable - - 1 o s - - oo i 48 o=

4 105 1 Highly suitable - 105 105 105 5 - - - - 105
Moderately suitable 63 - . - 100 100 68 | 10 - -

Marginally sultable 42 - - - — 5 37 95 - _

Hot suitable o e - o P won s e 105 o

Moderately suitable = 76 105 191 191 28 e 76 - 67

Marginally suiteble 121 115 86 o= . 163 191 115 o 48

ot suitable - g - v - o : on oo - 191 -

6 155 | Highly suitcble - - - - - - - - - -
Moderetely suitiable “om o - = - - o - ) o

Marginally suiteble - s o= ] 78 410 - s - I o

! . Not suivable . 155 155 155 77 45 155 155 , 155 : 17 44 155

Hote: The areas given arc field estimates only, not the resul$ of direct megsuremen*{;se
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4o Mapping Unit 6 (155 sgekm) ig not suitable for rainfed
upland crops; and moderately suitable o not suitable for paddy
ricey availability of wabter being the main critical factore
RECOMMENDATIONS

The main constraints for a sustbtained crop production in the
Settlemeﬁt are the low natural fertility of the soils, the risk of
soil erosion of the sloping land and the rather low moisture
availability. Unless improved management practlces are adopled,
these hazards may lead to poor crop yields as well as to severe
degradation of the land resources, In this context the following

recommendations are mades

1e= Crop rotationg

Crop rotations having a short period of cultivabion followed
by a long period of fallow are recommended for the area as a whole,
in particular for mapping units 3 and 5 where sandy soils predomi-
nate, These soils are best suited for droughl~resistant crops,

such as bulrush willet,; sorghum, cassava and sweet potatoes.

Owing to the increasing population pressure, it might be
necessary in the near future to shorten the fallow period of the
crop rotations. In this casey it is noted that the relatively more
fertile soils of mapping units 2 and 4 are better suited for this
purpose than those of mapping units 3 and 5a It is also suggested
that leguminous crops be introduced in the rotations with a reduced
fallow periods Continuous cropping could also be practised in
units 2 and 4, but this would certainly require improved management

practices; including heavy applications of fertilizers and/or Manures o

Contiruous farming or crop rotations with a short fallow period

are not recommended for mapping units 3 and He.

2= Controlled fertilizer use

The limitation of soil fertility is severe throughout the area,
which implies that chemical fertilizers and/or menures are requifed
in order to obtain good crop yields. However the response may vary
widelys‘ Most of the soils of mapping wnit 2 and 4, in particuler
s0il U1, are expeoted to respond well. In contrast, substential
logses.of fertilizers by deep percolation may ocour in mapping uniis 3
and 5. It is recommended, therefore, that chemical fertilizers be
introduced gradually so as to gain experience in their uses. As far

as possible, this should be supported by controlled field trialsa
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For the immodiate“fﬁﬁure, it is suggested that preference be
given to "natural' methods of restoring soil fertility, such as crop
rototions with a long fallow period, cultivation of leguminuous crops,
ond utilizabion of crop residues end farm manure. The feasibility of

using human wostes deserves study as well,

The sloping soils of mapping units 2 and 3 can be moderately
damaged by erosion, whercas in wnits 4, 5 and & the risk of erosion
is slighte Suggested soil conservation meosures include contour
cultivation, tied ridging,; cover crops and mixed cropping, mulching
and miAdmm t1llages They can be used singly or in varying combinations
according to the sevority of the problem. It may be noted thaty ot one
time or another,; most of these praciices have been successfully used in
Tengonia, eefe the results of trials carried out between 1939 and 1947
in the then Lake Province, showed that tied-ridge plots of cotton,
sorghum and maize outylelded flat cultivated plots in most years,
providing at the sume time o good protection against erosion (3)0

Some of these practices also help to oonserve soll moisburcs

The steep hilles included in mapping weit 1 should be kept under
vegetative cover, Cutting of woody species for firewood or charcoal

ig to be controlled,

Lo Sustenance of refugees

In accordance with a recent viability study cerried oul by the
United Nations High Commissioner for Refugees, the main btarget is to
produce 5,650,000 kg« of maize; 1,050,000 kg. of beans and 550,000 kge
each of groundnuts and sweet potatoes amnually, sc as to provide a

cheap, bagic diet to a population of about 30,000 rcfugees (20)0

Assuming a crop rotation consisting of 3 years of cultivation
followed by 5 years of fallow, the corresponding land reguirements are
as follows §e

Attainable Land to be cultivated Total lend

Crop Yield eVEry year - reguired
Maize 1,500 kg/ha 3,750 ha 9,000 ha
Beans 160 0 6,600 1 15,800 ¥
Groundnuts 450 ¢ 14,250 0 3,000 #

Sweet potatoes 2,000 * 280 1 670 1
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crops as well o its geographical distribution (Teble T), it follows
that &

i) In the surveyed area there are about 8,000 ha only of land
suitable for both malze and beansy as compared to the totel reguire
ment of 244800 ha. - On-the other hand, there is encugh land suitable

for groundmults and sweet potatoes;

ii) Nearly 33000 ha of intercropped maize and beans could be
grown every year in mapping units 2 and 4. Assuming averoge yieldg
of 1,200 and 100 kg/ha of maize end beans respectively, a total of
34600,000 kgs of maize and 300,000 kge of beans per annum could thus
be produced.  To meet the envisaged annual target some 2,050,000 kgs.

of maize and 750,000 kgse of beans ave still requireds

iii) A total of 8,000 ha approximately of mapping units 3 end 5
can be cuitivated every year with sorghum. Assuming an obtainable
yield of 2,000 kg/ha, some 16 million kge of grain oould be produced
annually. The proceeds of the sale of fthe grain could be used for
the purchase of the required malzec and beans. Inotead o. sorghum,
bulrush millet cen be grown over 50 percent or more of this land, if

s0 desireds

iv) Mapping units 3 end 5 ghould be preferred for growing the

required groundmits and sweet potatoesy

v) Most of mapping unit 6 is not suited for upland crops, and
only paddy rice cen be grown in some arcas. Unit 1 is not suwited for
agricultural crvops, bul can be used for the pro&uc%ion of firewood,

charcoal elce

5e~ Purther stidies

. i

Additional survey studies are suggesbed for identifying end
mapping in further detail the best suited arecas for rice cullivation
in mapping unit,. This mainly involves a morce accuratc assessment of

the soil resources,; flood hazards and avallability of walera

In view of the increasing population pressure; it appears desirable
that studies be wnderitaken to determine the water requirement of
individual crops, including risk of crop failurc due to droughte. Accore
ding to available climatic data ( given im Chapter 1), severe drought

periods may ocour in £0 nercent of the years.
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Appendix 1
S0IL SURVEY METHQ2§

The soidl survey of Ulyankulu Kefugee Settlement was carried
out on the basis of field observetions together with inverpretation
of aerial photographs wnd topographic mapse The fiel? work was
shibported by laboratory amalysis of representative soils. The
survey methods coMiprised a sequence of main operations which can
be grouped as Pre~Survey; Field Work; Soil Correlation and Map
Comipilation; and Soil Analysis.

PREM-SURVEY

Following a preiiminary visit to the area, all relevant infe
ormation on geology, climatej natural vegetatior; land use etc, as
weil ds avallable base maps wore compiled. The bagse maps inci&ded
a ‘bopographic map at a Hcaie of 1t 25,000 xnd atrial photographs
tdlken in 1976 at a scale of 1360,000,

Both the aerial photographs anl torcgrenhic maps were studied
and interpreted. A preliminary physiographic map at a scale of
12 100,000 and maps showing slope gradients anc elevations, at a
scale of 1¢50,000 were then prepared. These maps were used mainly

as an aid for planning the field work,

FIELD VORK

A preliminary field reconnaissence of the soils -2d landforms
wag made along traverses selechted 40 oross the physicgraphic uwnits
previously establisheds Preliminary physiographic and soil legends
were thus prepared. Also a traverse layocut was plolted on the
topographic map at a scale of ¢ 25,000 on the basic of which the

systematic soll surveying of the area was underiikena

The traverses were covered on foot and the soil observetions
were made by spade and anger. Major soils were described in
detall frcom special pits and samples were btaken for laboratory
analysis and soil correlation. Notes on land usey nalural veges
tation, relief, erosion and drainage characteristics were also
tokene As field work progressed, the physiographic and soll legoends
as well as the traverse layout were amended from time to time as

required, Scil mapping was progressively updeted too.

A total of 424 soil observations were made and 54 soil profiles
were sampled., Tho soils were described using the standard method
of the USDA Scil Survey Manual together with the FAO Guidelines for
Soil Descripbion (14)& Special boxes made of galvaniszed iron

sheeting wero used for soll correlation.
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SOIL CORLELATION AND MAP COMPILATION

After completion of the ficld work, a final correlation of the
s0ils recognized in the area was carried out. Available field and
analytical data were used for the purposes The soils were classified
in terms of both the FAO/UNESCO Legend of the Soil Map of the World
(15) and USDA Soil Taxonomy (22). Final physiographic and soil

legends were then prepared.

Following a detailed review of the mapping units established
in the field, the mapping unit boundaries were plotted on a topo-
graphic map at a scale of 13 25,000, Reduction o publication scale
(1: 50,000) was made by pantograph.

Because of the scale of mapping and complexity of the soil
patterns, it was not possible to differentiate individual soils on
the soils map. Instead soil-associations were delineated, which
include one or two main soils as the most dominent within a specific
mapping unite The proportion of the individual soil components was

estimated in the field,

SOIL ANALYSIS

The soil samples were analysed in the Central Soils laboratory
of the Agricultural Researoh Institute; Mlingano, using internationam

1ly accepted methods.

Particle migze distribution was estimated by the Bouyoucos

hydrometer method using calgon as the dispersing agents

Soil pH was measured in water and 0,07 M calcium chloride suse
pensions using a pH meter with glass and reference electrodes. A

soils solution ration of 1: 2+5 was used.

Walkley and Black's chromic acid oxidation method was used
in determining organic carbon. Nitrogen was estimated by the semi~
micro Xjeldahl mcthods

Available phosphorus was extracted with 0,03 M ammonium

fluoride in 0,025 hydrochloric acid (Bray and Kurtz No.1 solution)

and estimated colorimetricallye.

Electrical conductivity was measured in 1: 5 soil water extracts

ﬁith an Electronic Switchgear conductivity bridges
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Exchangecable cations were extracted with neutral, 1 molar
ammonium acetate solution. Sodium and potassium were determined
flame photo-mptrically. Calcivm and megnesium were csbtimated
complexo-metrically by the titration chloride~triethonolamine
buffer method.

Cation exchange capacity was cgtimoted by the summation of
the exchangeable cations except in profile P 1C (soil U1) where
exchenge capacity was debtermined dircetly by the ammonium acetate

method,
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Appendix 2

METHODS FOR THE RATING OF LAND QUALITIES

The basic concopts and practical aspects of the land suitability
closaification for\agricul%ure as applied to Ulyenkulu Befugee Sebtbe
lement cre dizcussed in Chapter 3 (Land Evaluaticn) of this reporte
In this Appendix, the emphasis ic on the technical criteria for the
rating of these land cualities selected for agsessing the land

gsudtability clasgification of the area,

A land quality is a complex attribute of land which acts in a
distinct manmer in its influence on the suitebility of land for a
specific kind of use, Examples arc moisture availlability, flooding
hazard, nubritive value oI nastrros, ete. Land gqualities are combie-
nationg of individual land characheristics which are attributes that
can be measured or eshimated, such as rainfall, availzble water

apacity, texture, slope angle, efc. As land qualities camnot be
't pasured directly, they are usually rated in relative terms such as
. 3ody poor, ctce. based on the measured land characteristics which

letermine theme

The suitability of a tract of lamd is determined by a aumber of
land qualities. Five of them have been selected for assessing the
suitability of the land units recognized in the Settlement, namely
moisture availability, soil fertility, drainage conditions in
growing season, erosion hazards, and capability for maintaining

surface waitcrs

Bach land quality is rated as good, moderate, poor or very poor
for agriculture in generale The code number given to these ratings
are 1y 2y 3 and 4 respectively.

For each land unit ratings cre given to the land qualities,
based on different ranges of the individuel land characteristics,

which in combination detcrmine hz land cuality.

In roting the land qualities, the methodology recently deve-
loped in Sudan by Van der Kevie; Wa (Manual for Lend Suitability
Classification for Agricullture) has been Tollowed (24)e The bagic
deta for Tables 8; 9, 11y 13; 15 and 18 have been taken from this
publicatione

Owing to the limited information available for the surveyed
area, some of the ralings are defined in a general qualitative way
only, not in quantitative termss Also a mumber of agsumphions are

madees
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2.1 MOIBTURE AVATILABILITY

The moisture in the soil whioh is available o plants ls detbers
mined by two major factorss the water supply by rainfall anq/or
irrigation, and the gquantity of weter the soil can store. In the
surveyed area there is no supply of water by irrigation at present.

Table & . BEstimation of AWC in om if no soil moisture data are aveilable

» Max. Vol.% coarse | Minimum soil depth allowed %
AWC in om Tevture fragments allowed if there are no coarse fra-
. if goil is deep gments (for ALC of subsoil)
(weighted-avarage)
A - "
Topsoil { Subsoil o P
0-30 om | 30-120 om ‘hard SOt
- TR
sandy ol 1
loam and loam 5 120 100
4 > 12 clay loam and 15 105 85
sandy clay | E
Clay 30 90 70
sandy loam 5 120 100
3o, Qo2 sandy clay 20 105 85
' loam and loom ‘ : !
clay loam and 35 90 10
sandy clay, v ,
clay 50 {p) 55 :
N o N 4 - . §
loam gand 5 120 100
sandy loam 20 105 85
2—3 6-9 sandy clay . 40 90 70
loam and loam
olay loam. and
sandy clay 50 : IP) 55
olay 65 60 40
L___ e i B T
fine sand 5 120 100
loamy sand 20 E 105 85
) Sandy loam 40 90 70
. sendy clay
35 loam and loam 50 {p) 55
clay loaom and
sandy clay 65 60 45
L clay 15 50 : 40
. - -
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Table O w Rating of moisture avallability

Climabe AWC in om
Rating moisture
regime Topsoil O=-30 om§8ubsoi1 30-120cm,
1 12 5 4 and - 12
2 M2 7 3 end ‘ - 9
3 M2 7 2 and - 6
4 2 + 1 ond 3
L ) .

Table 10 « Rating of moisture availability per land unit, Ulyankulu Refugee

Settlement
Land Un%t ’ Land characteristic Rating of
;Mapping Soil Climate ANC in om tend qualiﬁy
unit moisture
. regime Topsoil O-30 cm |Subsoil 30-120 cm
1 i) 2 Qo3 Insignificant 4
2,4 U1 M2 3ed) 92 2
' U2 12 23 69 3
u3 u2 23 €9 3
U4 M2 203 -9 3
3,5 Us M2 (= 36 4
U6 M2 o2 36 4
u7 M2 o 36 4
U8 M2 2 36 4 ]
6 | 11 12 23 69 o3k |
12 12 34 912 x|
L3 12 fe-2 36 Jedie |
E‘

* Some areag receive water as run-off and/or seepage from adjoining higher

land .

The hicher rating is meant for water receiving arcass the lower
O ¢

one, for areas not exposed to rn~-0ff or seepage.
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The water supply unfder rainfed conditions is dependent on the
‘total amounts of rainfall, potentisl evapotranspiration and length

of the rainy season. On the basis of this deta end uvsing a walter
balance model; & number of climatic zones were recognized in Sudan
by Van der Kevie, that are supposed to be significant for the proe

duction of agricultural crops (24).

The climate regime of Ulyankulu Refugee Settlement resembles
that of Climatic Zone M2 in Sudan: Dry Honsoon Climate with Medium
Dry Season. This regime is characterized mainly by a water surplus
in the rainy season that is lower than 104 of the annual potential
evapotranspiration ( penman). The growing season is 6 to & months
longy but there is the risk of dry spells. Becomse of the higher
elevation the temperatures are somewhalt lower in the surveyed area
than in zone M2, notably the mean minimum temperature which

. o,
differs by about 5 C.

The influence of the soil on the wabter supply fo planits is
expressed as the 'available water holding capacity! (AWC)o It is
the moximum amount of readily available water for plant growth that
can be stored in the soil. It can be estimated by determining the
moisture content of samples teken at different depths, at field
capacity (1/3 bar snc%ion) and permanent wilting point (15 bar
suction). If soil moisture measurements are not available, the
available water holding capacity can be inferred from a number of
goil characteristics, such as ltexbure; structure; organic metter
content, depth, and emount of gravels and stones in the profile
(Table 8).

The rating of moisture availlability in fuction of climatic
moisture regime and AWC is given in Table 9. The assessment of
this lend quality in respect of the land units reccgnized in the
Settlement is shown in Table 10, As mentioned above, the climate

moisture regime M2 of Sudan is assumed for the arcas
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A2.2 SOIL FERTILITY

This land qualiﬁy refers mainly tc the presence of plant
mibrients in the soil ang whether these nubrients are readily
available to the plents. At present the appraisal of soil
fertility ie based on chemical data only, major parameters being
nitrogen content, available phosphrus; exchangeable potassium,
cation exchange capacity, base saturation and soil reactions
Although the presence of microwelements such as boron, copper,
zinc or sulphur arc important for plant growth, no information
is available for the soils of the surveyed area. They are not

considered in the rating, thereforc. -

The rating of this land quality is given in Table 11, The
s0il fertility status of the scils of the ares is ossessed in

Table 12, It may be noted that available information for the
rating of phosphorus is scanty. For further detalls on analye

tical data, Appendix 4 of the report should be referred $0.

Table 11 = Rating of soil fertility

Land characteristic Base

H : - / satw

\ me/ 100g soil rabis
Rating | (water) %o o417 P . on

CEC | K

] 6:0-8,0 | > 2025 > 0015 high 220 | 3064 | = 70

2 560640 Om75w2§25 0050415 | moderate 1020 | Oe2+Qed i 40~TC

3 465560 1 06150,75 | 0.01~0,05 | low 3~10 | Cet=0e2{ 10-4C

4 2 Leb < 0s15 < 0401 very low | & 3 | < Oel < 10




(38)

Table 12 » Rating of soil fertility per land unit, Ulyankulu Refugee Sebtlement

MZ;;?%:nlﬁ Land characteristic i Ragzig Qf‘

Unit o Soil (frz"ter) % i gﬁ;%o% g 527133328 quality
1 H - - - - o -
2,4 Ul [560=840 | 05752025 | 06010605 | 041~0.2 3-10 3
U2 [560-8,0 | 05752425 | 0401=0,05 | 0o71=042 3=~10 3
U3 [5:0-840 | 0s75~2625 | 0201=0505 | 007~0e2 310 3
U4 [5.0-860 | 0,15-2625 | 00010605 | 057002 3-10 3
345 U5 500860 | 04152625 | 0.01-0,05 < 0ol 3~10 3
U6 |5e0~840 | 05152625 | 0501=~0,05 £ 0o1 3=10 3
U7 {560~860 | 0015=2425 | 0,01-0,05 ¢ 001 3=10 3
U8 |560~8s0 | 0e15=2¢25 | 06070005 ¢ O 3~10 3
6 L1 [500-660 | 0a15=0.75 | 05010005 & 0Oe1 3=10 3
L2 500640 | 0515=0575 | 0601=0605 < 001 310 3
L3 |5=0=640 | 0515=0s75 | 0s01=0,05 € 0.1 310 3

Notes: To be rated at the final rating level atleast 4 out of the 5 listed land

characteristics should satisfy that level or highers
~ MAnalytical data not available for the rating of soil He
«~ Inadequate information for the rating of phosphorus

CEC data not available, instead Sum of Bases have been useds

A2,3 DRAINAGE CONDITIONS IN GROWING SEASON

The drainage condition of a soil estimated by the frequency and
duration of the periods when the soil is saturated with water. These
conditions are seldom accurately measured but can be inferred from
s0il characteristics such as texture, colour, mottling, quantity and
kind of organic matter, and groundwater levelse Length and frequency
of periods with standing waiter abcve the soil surface need also fo
be estimated. The rating of this land quality is given in Table 13,
The ratings for the land units recognized in the area are shown in

Table .
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of drainage g’ondivtio’ns in growing seasoh

:

{ La:nd. characteristic
Ponding hazard, frequency
Rating Soil drainage ’ ‘
evary every every
T2 years 3B years 610 years
1 good to excessive none none £ 2 weeks
2 moderately good none {2 weeks 26 weeks
3 imperfect ¢ 2 weeks 2e-6 weeks =10 weeks
4 poor t0 very poor | 2-6 weeks €10 weeks 710 weeks

enble 14 =
¥

Rating of drainage conditions in growing seagon per land unit,

Ulvenkuly Hefugee Setitlement

v it Land characteristic ;
M;lii)%ng . Soi1 S04l dreinage Ponding hazard, frequency#® Ra‘ting?
every every every |
12 years 25 years 610 years ;}
’i oo} good to excessive none none none 1 f
244 U1 good o excessive none none £ 2 wecks 1 é
U2 | good to excessive none none .2 weeks 1 3
U3 good ho excessive none none 4.2 weeks 1
U4 good to excessive none none .2 weeks 1
345 U5 good o excessive none none .2 weeks 1
U6 good 0 excessive none none %2 weeks 1
U7 moderately good none L 2 weeks 26 weeks 2
U8 moderately good none £ 2 weeks 26 wecks 2
6 L1 poor to very poor 26 weeks 6~10 weeks = 10 weeks 4
L2 imperfect and poor| 2«6 wedks 2-10 weeks 210 weelkis | 34
3 imperfect L2 weeks 26 woeks €10 weeks 3
j
|

¥ The rating of "ponding hazard,; frequency' is based on a limited number of

field observationsa

Further study is required.
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EROSTION HAZARDS

As used here, this land quality refers to the susceptibility
of the soils of the Sebttlement to water erosion onlye. The risk of
soil loss by the action of wind appesrs to be insignificant and hag

not been congidered,

Since the area was until a few years ago under a protective
cover of woodland and grasses, the land cleared for cultivation
shows no or little evidence of past water erogion such as rills
and gullies; or trumcated soils in the case of sheet erosion,

There are, however, some indications that accclerated erosion is
already taking placey egege incipient gullies near roadsides
occuring mainly in mapping wnit 3, depogition of fine soil material

at the foot of lengthy slopes, etc,

In the absence of severe damage by erosion, the susceptibility
of the soils to waler erosion is the main factor taken into account
for the assessment of erosion hazards in Ulyankulu Refugee
Settlements The susceptibility depends on the rainfall (total
rainfall, intensity and fregquency of showers); slope gradicnt and
slope lengthy soil erodibility, which is the inherent susceptibility
of the soil to detbachment and transport by rainfall and run-~off; and

the vegetative cover.

Owing to the limited information available for the surveyed
area, the potential soil losses due to sheet and rill erosion
cannot be predicted by the Universal Soil~Loss BEquation .nstead the
sugceptibility to water erosion is cestimated by correlating climatbic
data, slope characteristics and soil erodibility as applied in Sudan
by Van der Kevie (24)s Table 15 refers. It should be noted, how-
ever, that the original ratings have been slightly modified H0 it
local conditions. Soil erodibility has been estimated according
0 the methodolbgy devised by Erickson (12,23)n (See Table 16 and
Figures 3 and 4.) The final rating of both susceptibility to
erosion and erosion hazards of the land units recognized in the

Settlement is given in Table 17«
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Table 15 - Rating of susoepbtibility to soil erosion of an
unproteoted soil

Climatio | siope Soil erodibility
zone | POrOnt 4o orodibility | moderate erodibility | high erodibility
faotor (XK) factor (K) , faotor (X)
M2 * 4 O=1 ingignifiocant | slight | moderate
M2 o { insignifioant slight moderate
M2 2m8 slight moderate severe
M2 816 moderate severe severe
M2 2 16 i severe severe severe
! .

As in the oase of the laend quality 'Moisture Availability', the climatio

oonditions of zone M2 of Sudan have been assumed for the surveyed area (?3)

Mable 16 « Brodibility. faotor (K) of the soils of Ulyankulu
Refugee Settlement '

Soid Mverage % | Average %
- sand silt cley | organio matter | K faotor

H * oh e "é‘ | - v
CU1,U2 76 12 12 049 019
U3,U4 76 10 14 14 0,18
U5,06,U7,U8 | 83 9 8 0.9 0016
LiaL2,L3 ## | b - - -

%  Analytical data are not avaiiabie for estimating the X factor
of soil He

*¥% As soils L1y L2 and L3 are subjeot to deposition rather than

erosion, the K faotor has not been estimatbede.
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Table 17 ~ Rating of susceptibility to soil erosion and erosion
hazards per land unit, Ulyankulu Refugee Settlement

Land Unit

Slope Erodibility | Susceptibility | Rabing of
Mapping | Soil | percent* | factor (K) to erosion erosion
unit ‘ hazards

H 16=-40 - 1 severe
2 U1 2--6 low slight
U2 n n Y
U3 1 i1 it
U4 " " 1"

NS I \C TN \G BN AN

NN

ué n 1 i
U7 i n n
U8 n i i

NN

N

U2 & L L
U3 " " "
U4 1" n 1
5 U5 Om2 low insignificant
U6 n " "
U? 1 1 4 3
U8 " " "
6 L1 O-2 - insignificant
L2 1 . 11
; L3 " - "

[T S WU UL . S NOL SV S e

% Tiold studies are required for a better assessment of soil erosion
in relation to slope ¢haracteristicsy such as gradient,; length and

shape ( concave, convex or lincar)e
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S0il erodibility is rather difficult to measure cuantitatively
because of the many veriables involved, not only when the soil is in
its natural statey; bub particularly after it has been subjected to
the influence of man. There are however soil properties which in
combination affect erodibility, such as the physical quality of tex-
ture and structure, the chemical composition, the extent of weathering

ana the content of organic matters

The soil ecrodibility factor (K) reflects the influence of & nunber
of soil characteristics, namely texture of the surface soil ( particularly
percentage silt and very fine sand, fraction 04002--0,10 mm), organic
matter content, soil permeability and content of coarse fragments. The
K factor is estimated by using the Textural Triangle Nomograph for Soil
Erodibility (Figure 3) which is designed for soils that do not contain
coarse fragments and have a normal range of 5 to 15 percent very fine
sand (0.05~O.1O mm), a permeability which is normal for the texture
class, and an organic matter content of 2 percent. If soil characteris-—
tics deviate from this, adjusitments should be made as outlined in the
Nomographs A s0il may be considered compact if its bulk density is 1.5,
in loamy or finer textured soils; and if bulk density 17 in soils morc
sandy than loam. The same correction of the K value (+ Oo3) should be
made if soils are shallow (rook or hard pan within 50 cm from the sur—

face).

The content of very fine sand (0s05~060410 mm), which is usually

not determined in the laboratory, can be estimated as follows @~

i) BEstimate percentage of fine fraction ({me) passing through

a # 200 sicve (0,74 mm), by using the diagram given in Figure 4; and

ii) Estimate percentage of very fine sond by using the formula
% very fine sand = f(% 0,74 mm =~ % clay - % gilt in which clay is
fraction { 0,002 mm and silt fraction 00,002-0,005 mm, and f is a factor

which varics with the textural class as follows -

f = 1.0 for clay (C), silty clay (SIC) and silty clay loam ( SICL)
17 for clay loam (CL), loam (L) and silt loam ( SIL)
142 for fine sandy loam (FSL) and sendy loam ( SL)
1835 for sandy clay loam (5CL)
165 for loamy sand (LS)
1475 for send clay (SC), sand (§) and fine seand (FS)



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

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

1. For soils with high content of ver
(>15°/s) and texture

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

fine sand

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

Erodibility Group

"K' Value 2. Corrections
—40 - High a. Structure:
'25’0"0 - lP:ioderate ' very fine granular - .08
' T Low fine granular - ,06
maderate or coarse granular- ,03
b. Organic Matter:
Percent 0. M.
"K" Value ! 0 1 2 3 4
> 40 |+l #07 0. -07 .14
\ 20-40 | 410 405 0. -.05  -.10
/\/ /X X /\ / < 20 | 406 403 0. -.03 -06
X clgy, loam ilty, clay
30/ /\// \ / lo c. Rock Fragments (by Volume)
7 7/ 7 4 7 Rock Fragment Content - (Percent)
sandy clay foam /4, N\ 0-20 20-35 35-50 50 -70
- oh® 10 10 10 10
\ \ 15 15 10 10
) y - .12'{) 15 }g 10
/ . . . 17 . 10
/ Lgag / \ \ 2 20 37 15
ilt 28 .24 .20 17
; <\ \ /S )/ \ 32 28 2 20
10 Y, . .37 32 28 24
A 7 43 37 32 28
4 \ 49 43 .37 32
i / N\ .65 A 43 .37
/ sand ; 64 55 49 - 43
£ 100
2 % B 2 )
o PERCENT SAND 4. Permeability
Figure 3 TEXTURAL TRIANGLE NOMOGRAPH FOR SOIL ERODIBILITY Compact soil or
. . PH> 3.0 +.03
Source - Taken from Erickson

Many medium
of coarse pores - .03



Figure 4.  DIAGRAM FOR ESTIMATING PERCENT OF FINE FRACTION PASSING # 200 SIEVE
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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 Ericksorn
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42,5 CAPABILITY FOR MAINTAINING SURFACE WATER

This land quality is rated only in case of sultability claossie
Tication for paddy rice, which is a crop that needs to be grown in
waterlogged or shallowly flooded soils. Thus soils on which surface
water can be maintained are most favourable., Soilg, therefore,
should have dmperfect to poor drainage or have slow permeability end
infiltration rate. The latter can be accomplished by puddling if
soil textures are favourable, Fields should be levely with no
strong microrelief which may cause surface run—off or uneven distrie

bution of surface waters

The roting of this land quality and that of the land unitse
recognized in the Selblement are given in Tables 18 and 19, respece

vively s

Table 18 =~ Batineg of capability for mainteining surface waber

Land characteristic

=

Rating Slope % Microrelief § Drainage class Texture of surface
cm * ! & subsurface horizon |
1 { Cs5 ) imperfectly to clay, silty clay
<“ ¢ poorly dréined sand§ clays olaygloam,
silty Clay loam
2 402 5+10 imperfectly o  mame ag above plusg
poorly drained sandy clay loam
{
{
3 {3 10--20 moderately well same as above plus
drained loam and sandy loam
4 < 3 ™ 20 excessively Ho clay to sand

well drained

* Wicrorelief is expressed as the average difference in height bhetween
low and high spots within 50 m distance. No major improvement by

levelling is considered.
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Table 19 -~ Reting of capability for maintaining surface water per land unit,

Ulvankulu Refugee Settlement

Land Unit Lend characteristic .
.. ) , ; . e ABRating of
Mapping!SoiliSlope %iMicrorelief|rainage class|Texture of surfac land
Unit cm subsurface horizon |quality

1 H } 16-40 none somewhat o 4
excessively
drained

2 U1 26 none well drained jsandy clay loam 4

and sandy clay
U2 i1 Lk 11 1 4
U3 u i 1 gand loam 4
U4 11 1 1 H 4

3 us Do 1" somewhal sand and loamy 4
excessively sand
drained

U6 1 " 1 1 4

U7 it it it it 4

18 1 1 17 it 4

4 U1 O none well drained |sandy clay loam & 4
" " " ‘sandy clay 4

U2 1 1 1 I 4

U3 " i i 'sandy loam 4

U4 13 i i ; 1 4_

g !

5 U5 O " somewhat sandy and sandy f 4
excesgivel loam | 4
drained i g ;

i :
! i 1 H i !
U’6 § ¥ i i 4
U i1 5 ¥ 31 5 4
7 | !
i1 1 i ; B i /
U8 } ! 4
6 L1 0-2 |%none to 20ipoorly drained!smdy clay loa o
jend sandy clay
L2 & B imperfectly % " Fee?2
and poorly {
drained {
L i :
L3 it i inperfectly isand and loamy 4. |
; drained i sand |
i :
e P et

The microrelief is due to the presence of termite mounds.

However, as rice

is usually grown in small fields, they do not cause uneven distribution of

surface walere.

quality, therefore,

The mounds are not considered for the rating of the land
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Appendix 3
SOIL CLASSIFICATION
The soils of Ulyankulu Refugee Settlement have been classified in

zxms of the F%O/UNESCO Legend of the Soil HMap of the World (15), as well
ag in terms of the USDA Soil Taxonomy'(ZQ)» The classification is tentan-
tive and subject to change as it is not yet supported, in some cases, hy
the required smalytical data., The correlation of the soils of the area

within these systems of clasgification is given in Table 20.

Mapping unit 13 Soils of the isolated steep hills

The soil depth to continuous hard rock, the presence or absence of
a cambic horizon, and an ustic soil moisture regime are the main diagnoge

tic properties for the olassificaﬁion of these soilss

,Becquse of the high rainfall and favourable soil characteristics for
the leaching of bases, a base saturation of less than 50 percent has been
assumed, On the other hand, owing to the presence of numerous rock fragments
with weatherable primary minerals, CEC values for the clay fraction of more

than 24 me% may be expected.

The shallow soils with continuous hard rock ot less than 10 cm of the
surface are classified as Lithosols in the FAO/UNESCO Legend and Lithic
Ustorthents in the USDA Soil Taxonomy. In contrast, the deep soils having
a cambic horizon and rock fragments in the soil mass are Dystric Cambisols

stony phasey and Ustic Dystropepts, respectively.

It should be menticned, however, that a much wider range of soils
does occur on these grarbic rocks. Since the area was not surveyed in

detail; they have not been discussed heres

Mepping units 2, 4: Scils of the footslopes and upland plains. upper parbs

The clagsification cf these soils is still a matter of conjecture. In
many physical agpects they réesemble the Ferralsols of the FAO/UNESCO Legend
and the Oxisols of the USDA Soil Teaxonomye They occur on a rclatively old,
stable geomorphic surface; are dominantly red in colour and have stable
aggregates, high porosity, gradual horizon boundaries end no evidence of
clay movement and/or illuviation. However, inferred values of CEC and Sum
of Bases + Al indicate thatl these soils fall within the Cambisols and

Inceptisols, respectively.

According to available data the clay fraction of some soils,; notably
Ul, has CEC values of 16~24 me % in some subsurface horizons. Also the
Sum of Bases + Al ig obout 10 me %. On the other hend, the clay fraction of
soil U4 appears to have much higher values in both cases. However, these
significant chemical properties cannot be correlated in the field with soil

characteristics such as colour, texture,; content or ironstone neduvles,; etcs
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Meapping units 3, 5: Soils of the footslopes and upland plains, lower parts

The main diagnostio properﬁy for olagsifying these soils ig thelr
dominantly oourse texture of loamy sand or oocarser, the sand fraction of
whioh apparently oontains more than 95 percent of quarts and other normally

insoluble minerals that do not weather to liberate iron or aluminiume.

Other imporftant differentiating properties applying to thesc soils
are their ustio scil moisture regime and +the presenoe or absecnoe of a
continuous irongtone layer at less than 100 om. of the surface. It is

also agsumed thalt they have a CEC of more than 24 me 100 gz olaye

The deep soils have been classified as Cambio Arencsols in the
FAO/UNESCO Legénd and Ustict? Quartzipsamments in the USDA Teaxonomys and
thoge overlying an irongtone layer as Cambio Arenosols petroferric phase,
and Pebroferric? Quartzipsamments, respectively. It is noted that the
Subgroups "Ustlc" and "Petroferric” are not recognized at presont as

subdivisions of the Quartzipsamments Great Groupde

Mapping wnit 6 Soils of the bottomlands

The soils inoluded in this mapping unit have been olassified as
Dystriol Gleyscls in the EAO/UNESCO Legend and Tropaguents in the USDA
Sodl Taxonomye. In brief these soils are oonsidered to be permanently
warm and o have a reduoing moisture regime free of dissolved oxygen due
to saturation with water. However, this may well be an overestimation,
espeolally in respeot of the moisture regimes, The soils that have slowly
permeable layers and/or reoeive water as run«off‘or seepage from adjoining
higherelying land; usually remain waterlogged throughout most of the rainy
seasone Soil L1 is an example in this regard. On the other hand there
are soils, such as the ocarse~textured L3, that are little exposed to
run~off or seepage. These soils are believed to remain saturated with

waber during periods of heavy rainfall onlys

Owing to the oomplexity of the soil patterns and to the limitations
imposed by the surveying soaley these important differences in drainage
could not be gtudied in detaily nor their effeots on soil morphoiogioal
charaoteristioss Acoordingly, the olassifiocation of these soils is of

provigional nature onlye.
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-Appendix 4

DESCRIPTION OF THE SOILS AND ANALYTICAL DATA

Teohniocal desoription and available analytiocal data for the
soils recognized in each mapping unit are given bélow@‘ The sodls
are desoribed in the same order in whioh they afe shown.dh’the
Soils Map and Chapter 2 of the report. Xach soil is oléésified
in terms of both the Legend of +the FAO/UNESCO Soil Map of the
World (15) and USDA Soil Taxonomy (22)o In desoribing the soils
the nomenclature of the USDA Soil Survey Manual (21) and FAO
Guidelines for Soil Profile Desoription ( 14) have been followed.-

Colour notation is acoording %0 the Munsell Colour Charts (18),

MAPPING UNIT ¢ SOILS OF THE ISOLATED STEEP HILLS (H)

This unit includes a wide range of somewhat exocessively drained,
mainly shallow, moderately ocoarse~textured soils ocoouring in a oomplex
patterny together with numerous granitio rock outorops. In terms of
the FAO/UNESCO Legend these soils may be Lithosols; Dystric Cambisols
stony or lithio phase; ecto; and Lithio Ustarthents, Ustio Dystropepts,
eto, in the USDA Soil Taxonomy's

They ocooupy a number of isolated, small hills at 1,000-1;200 me
above sea level., Dominant slopes range from 16 to 40 percent,
exoceeding 100 percent in some places. Open miombo woodland is the
main vegetative oover, but rock outorops are bare of vegetation. No

agrioultural orops are grown in the area.

These soils were not studied in details The profiles desoribed
below are examples only of the wide range of soils that may be

encountered in the area.

Profile D 24
Looation ¢ road 165 at 3,050 me north of main road
Date of examinetion s 23/11/1977. Authors s Hof, Daggaa

Landform ¢ swmmit of isolabed steep hill

Site ¢ gently sloping,; 4% slope

Microrelief s rock outorops

Elevation ¢ 1,055 me above sea level

Vegetatioﬁ,: miombo woodland

Moisture condition 3 moist throughout

Groundwater ¢ none

Rook outcrops/subfaoe stones : fairly rocky, exoeedingly stony

Erosion/deposition: none detected
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0 Co} Litter of partly decomposed leaves and twigs
cm

LhT =5 Very dark grey (795YR3/O) moist; stony sandy Loamg
cm )

moderate medium crumbs friable moisty slightly sticky
and slightly plastic weby many fine tubular poress
meny fine and medium rootsy 40-50% of irregular rock

fragments, mainly granite and quartzj cleer smooth

boundary.
Ah2  5-10 Dark brown (7.5YR3/2) moist; very stony sandy loams
o moderate medium crumb; friable moist, slightly sticky
and slightly plastic wet; meny fine tubular pcress
meny fine and medium roots; more than 50% of irregu—
lar rock fragments, mainly granite and quertzs cbrupt
smooth houndary.
R 10 Slightly weathered granitic rock
cinr+

Profile D5

Looéiionv: road 4, at 450 m north of main rcad

Date of examination ¢ 24/11/19YYo Authors:s Bomans, Magoggoy Daggaa

Landform ¢ swmmit of isolated steep hill

Site s sloping, 10% slope

Microrelief : rock outcrops

Elevation 1,050 m above sea level

Parent material : granitic rock

Land use :'fallow, abandoned field

Moisture condition : moist to 90 cm, dry below

Groundwater : none

Rock outorops/surfaoe stones.: fairly rockyy exceedingly stony

Erosion/deposition ¢ none detected

Lp  O=15 Brown ( 7.5YR4/4) moistbs very stony loamy send; wedk

om medium crumbi very friable moisl, nonsticky and :ione

plastic wely oommqn'fine'fﬁbular pores; more than

50% of irregular rock frogments, mainly granite end

quartz; meny fine and few medium rootsj clear smooth

boundary ‘

AB 1565 Derk reddish brown (5YR3/4) moist; very stony sendy loams
o wealk medium érumb; friable moist, slightly sticky and

slightly plastic wetj oommon fine tubular pores; more

than 50%>of irregular rock fragments, mainly granite

and quartzy few fine rootsy clear smooth boundary.
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Bw 65100+ Yellowish red (5YR4/6) moist, very stony sandy
om clay loamj weak medium crumbg Ffrieble moist,
sticky and plastic wetb; common Tine tubular
pores; more than 504 of irregular rock fragments,

mainly granite and quertz; fow fine roots.

A Je2 MAPPING UNITS 2,4: SOILS OF THE FOOTSLOPES AND UPLAND PLAINS,
UPPER PaRTS

Soil U1
The U1 moils are classified as Ferralic Cambisols in the FAO/
UNESCO Legend and Ustoxic Dystropepbts in the USDA Soil Taxonomy.
These soils include well drained, deep, frieble sandy clay loams and
sandy clays with weak structural development. They are red, dark

red or yellowish red in colour.

Typical profile (P1)

Location 3 40 m. east of road 164, 300 m. north of road 24

Date of exemination: 20/12/1977. Authorsi Lesike, Magoggo, Bomahs
Landformt upper part of upland plain 4

Sitet almost flat, 1=2% slope

Microrelief: soaﬁﬁéred termite mounds

Elevation; 1,040 m, above sea level

Parent materialy weathered grenitic rock

Vegetations miompe woodland

Moigture gendibiont moist throughout

Groundwaters unknown

ek pubcrops/surfuce stopess none

Erosion/depositioni none detected

Ah Cre] Dark reddish brown (5YR3/4) moist, brown (7@5YRA/4)
om dry loamy sand; moderate fine and medium crumby very
friable moist, slightly sticky and slightly plastic
wety many fine tubular pores; many fine roots; abrupt
smooth boundary e

AB T2 ] ]m¢mmd(%ﬁﬁy%)mdﬁh:mdghﬁmy%)&W,mwm
er loami moderate fine and medium crumbi very friable

moist, slightly sbicky and slightly plastic wet,

mapy’fi@e tubular pores; meny fine roobsj gradual

smooth houndary

Bu gag3§4 Red §2¢5YR4/6r4/83 moist and dryj sandy cley loamsg

cm weale fine citmb; friable moisty sticky apd plastic weds
meny fine fubuler peves} fow fime roofsf abrupb smooth
boupdafya

Bes  164~180+  Soil mess as Bw,; but more then 80L occupled by small
cm (065~1,0 cm diemeter), hard, spherical red end dark
red ironstone nodules of concentric structures
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Typical profiie (P 10)

Looation ¢+ 20 m west of Health Centre

Date of examination 3 27/12/1977e Author ¢ Bomans

Landform ¢ footslope of isolated steep hill, upper part

Site s gently sloping, 3% slope

Miororelief ¢ scattered termite mounds

Elevation ¢ 14040 m, above sea level

Parent materials weathered gramitio rook

Vegetation : miomho woodland

Moisture oondition ¢ meist to 170 om, dry below

Groundwater ¢ unknown

Rock outoropa/gurfaoe gtones: none

Erosion/deposition: none detected

Ah1 07 Dark reddish brown (5YR3/3) moist, reddish brown
o (5YR4/4)4dry; sandy loam; moderate fine orumbj very
friasble moist; slightly sticky and slightly plastio
wel; many fine and very fine tubular poregy many fine
rootss abrupt smocth boundary :

Ah?2 719 Dark reddish brown (Z‘SYRB/S) moist, yellowish red

o (5YR5/6) drys sandy loam; moderate fine orumb; very
frisble moist, slightly sticky and slightly plastio
wety many fine and very fine tubular poresg oommon

fine, medium and oocarse rochsy gradual smooth

boundary e
AB 1946 Dark red (2.5YR3/8) moist, red (25YR4/T) dry; sandy
o clay loamg weak fine orumb; friable moisty slightly
stioky and plastié wet; common fine and very fineg
‘tubular pores; oommon fine medium and ocoarse roohss
gradual smcoth bhoundary. '
Bul 46-120,  Dazk ved (2.5TR3/8) moist, rod (2.5YR5/8) dry; sandy
om olay loam; wesk fine orumb; friable moist, slightly
sticky and plastic wet; common fine tubular poress
oommon fine, medium and ocoarse roots; gradual smooth
boundary.
Buwg 120-150  Ditto, but sandy olay in fexture
om

Range of profile Qharacteristios

The A horigzon ranges from very dark brown to dark reddish brown in
colour, and from loamy sand to sandy olay loam in texture; the B horizon,
from red or dark red to yellowish red and from sandy olay loam to sandy
olaye Ironstone nodules often ooour below 100 cm. Soil reaotion is

slightly -to moderately aoid, sometimes strongly aocid.



( 53)

Lovironment characteriebics

These well drained soils occupy the upper parts of gently sloping
footslopes end almost flat uplend plaing. Slope gradient ranges from
0 to 6 percent. Miombo woodland is the main vegetative cover. Termite

mounds are scattered throughout the arca.

Land use

A part ol the area has been cleared for cultivation of mainly maize,
beans, cassava and sweet potatoes. There are some arcas wnder tobacco
and groundnuts .

Associated soils

These -s0ils are associabed with soils U2, U3 and U4. They differ
from U2, which they otherwise resemble, in not havihg,ironstone nodules
at a shallow depbths Ffrom U3 im their finer texture:; and from U, which
are coarser in bexture and have freguent . ironstone nodules beloﬁ about

50 cm of the surface.

sle gize digtribution
Sample Dewth % Send % Silt % Clay Silt/ Text

Noe il 22 05 205502 002002 2002 clay  class
1165458 O] 8 4 9 1e3 L3
59 T2 i 5 2 ™ 0a7 SL
60 2160 ) 3 2 25 Osd SCL
61 60100 6u 6 2 33 0.2 BCL
62 100-1764 58 8 4 33 0.3 SCL
Exchongechble cations me % Sum of  Sum of
0l bases cations
% Ca Mg H megh me %
0.82 9 280 2,00 9.5 5604 14654
0.26 13 2,00 2,00 363 4e17 T 4T
0018 16 1960 2';40 1207 4@20 16090
0. 11 3 1,660 1420 10,5 3004 13:54
O,mOY / 2 080 O@8O 22 35 3075 26025
Sum of
W80 olay catlons clay P
H,0 CaCl, me % me % ‘ ESP BS% Ppm
6.0 5.2 5763 165 =2 044 34aT7 8
594 500 3805 69 o 0a5 55'08 12
505 o9 1669 515 0:3 2449 1
566 5el 95 4167 0l 2241 8
5@2 /}-08 1 v—/} 8000 Oe2 14@3 6
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Analvtioal data soil profile P10

Particle size distribution

Sample Depth % sand. % gilt % clay silt/ Text
Hoe cm 205 »05~-03 02002 ,002 clay class
115490 097, 75 5 6 14, 048 SL
91 T=19 72 7 5 16 067 SL
92 1946 68 6 2 24 0e3 3CL
93 46120 56 8 2 34 063 SCL
94  120-150+ 51 8 3 38 Oa3 sC
Exchengeable cations mch
Sum of Sum of ,
0.Co N bases  cations CEC
% % C/N Wa X Ca Mg H meh medh meh
1 373 0606 31 OwOT 0017 3060 1 060 1505 5044 20094 498
1621 004 30. 0608 0a13 2.00 0,80 5,5 3001 8651 el
0687 0,03 28. 0,07 0s17 2.00 2,00 1,0 4s24, 5024  5atl
0,69 0,02 34 007 0614 4000 1520 1360 541 18641  Gal
0052 0602 340 0607 0418 2,40 0480 1340 3645 16645 445
o Sum” of | Sum of
bages clay Cations clay P
H20 CaCl2 me % me % CED ESP  BS%  pm
6 il 660 38 o 149 o4 e Ou3 2549 1
56 584 1863 5148 2648 09 3583 3
503  4ef 177 2168 27163 Tel 8049 2
5.8 541 1569 5462 185 0ol 29 o/} 0
6ed 610 9ot 4383 118 0sd 2049 0
Soil U2

The U2 soils are classified as Dystric Cambisolsy petric phase in
the FAO/UNESCO Legend and Ustic Dystropepts in the USDA Soil Taxonomy

They consist of well drained, frieble sandy clay clams and sandy clays,

with frequent ironstone nodules at a shallow deptha

dark red or yellowish red°  Structural development is weake

Soil colour is red,
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Typical profile (P2)

Locetion ¢ 300 m east of road 164 300 m north of road 24

Date of examination 27/%2/19770 Authors: Lesika, Daggaay Hof

Lendform 3 upper part of upland plain

Site ¢ almost flat, 1~2% slope

iicroreliefs scatbtered termite mounds

Elevations 1,035 m. above soa level

Parent materials wealthered granitic rock

Vegetation: miombo woodland

Moisture conditions moist throughout

Groundwaters unkmown

Rook,outorops/surfaoe ghones: none

Erosion/deposition: none detected

Ah1 Oed]. Black (7.5YR2/O) moist, very dark greyish brown(?OYR3/2)
on dry; sandy loam; moderate fine crumb; very friable moist,

slightly sticky and slightly plastic wely many fine

tubular poresy many fine rootsy abrupt smooth boundary.

Ah2 4~10 Dark brown (755YR3/2) moigt, very dark greyish brown
cm (1OYR3/2) drys slightly gravelly sandy loamj moderate

fine crumby friable moist, slightly sticky and slightly

plastic wet; many very fine tubular poresi less then 3%

of ironstone nodulesi many fine rootsy clear smooth

boundary .
AB 1023  Dark reddish brown ( 5YR3/4) moist, yellowigh red(5YR5/6)
cm dryy slightly gravelly sandy clay loam; friable moisty

gticky and plastic wety many very Ifine tubular pores,
5% of ironstone nodules; many fine and few medium rootsg

gradual smooth boundarys

Bw 2333 Yellowish red (5YR4/6-5/8) moist and dryy very gravelly
cm sandy clay; weak fine subangular blockys friable moist,

sticky and plastic wety many fine tubular poress
50~60% of ironstone nodulesj common fine and few medium

rootsy clear smooth boundary.

Bes 83-88+ Massive, consolidabed horizon of dark red (2.5YR3/6 moist)
cm sand, clay and ironstone nodules.

Note:s Iromstone nodules are (dork) red hord, sphorical (0.5~1s0 cm in

diemcter) and heve concentric structuree
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Ranze of profile characteristics

The A horizon ranges from very dark brown to derk reddish brown in
colour, and from sand to sandy clay loam in texture; the B horizmon, from
red or dark red to yellowish red end from sandy clay loam %o scndy claye
Ironstone nodules usually occupy more than 50 percent of the soil moss
below ebout 50 cm of the surfece. Soil rcaction is slightly to moderes

tely acid, sometimes strongly acide

Environmental charecteristics

These well drained soils are on the upper parts of gently sloping
footslopes and almost flat upland plains. Slope gradient ranges from O
to 6 percent. Miombo woodland is the main vegetative cover. Termite

mounds are scatbered throughout the areca,

Land uge
A part of the area has been cleared for cultivebion mainly of maize,
casgavay beans and sweet potetoes. There are some areas under tobacco

and groundnuts s

Associated soils

These solls are sssgociated with soils U, U3 and Uds They differ
from U1, which they otherwise resemble, in having ironstone nodules
at a shallow depthi from U3 in their finer texture and in having iron~

gtone noduless; and from U4 in their finer texbure.

Analytical data Soil Profile P2

Particle size distribultion

Sample Depth % sand % silt 7 clay silt/ Text
110 & cm 2= o 05 005w o 02 202002 002 clay clags

115463 Odl 75 6 3 16 06 SL

64, 4-10 71 8 4 1 OsT sSL

65 10--23 59 T 4 30 el SCL

66 2360 53 6 4 37 0s3 3¢

67  60-53 51 6 6 37 063 50

—ias i e o
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e

Exchangeable cations me %

Sum of Sum of
0. N§ ¢/ Na K Ca Mg H bases cations
% % ~me % me %
2,25 0,08 28,7 0,10 0,36 2580 4.00 45  Te26 11476
1.90 0,06 39.7 086 0621 2,80 2,00 1440 5487 19 .87
1421 0,04 30 0s12 0429 2440 1420 1650 4401 20,01
1,38 0.03 46 0,09 0,29 2,40 714,60 1340 4038 17438
0,69 0,03 27 0011 0027 2040 2440 1045 5618 15468

o Sum of Sum of
bases clay cations clay
H20  CaCl2 me % me % E3P BS % DM
6ol 6.0 460 112 54 0,5 61a7 T
6e3 546 30,3 11366 045 2647 5
6+l 545 1344 6701 066 20,0 4
6.0 5ol 1446 4842 065 26,47 5
s 546 1441 4246 047 33,1 5
Soil U3

Legend and Ustoxic Dystropepts in the USIA Soil Taxonomye

The U3 soils are classified as Ferralic Cambisols in the FAO/UNESCO

include well draineds very friable yellowish red sandy loams.

development is weak.

Typical profile

These soils

Structural

No adequate description of a typical profile was recorded. These

soils are similar to U4, but they do not have fregquent ironstone nodules

at a shallow depth.

Range of profile characteristics

The colour of +the A horizon varies from very dark brown to dark

reddish brown, that of the T horizon from yellowish red to red, The

texture of the A horizon may be loamy send or sandy loams

nodules may cccur below aboubt 100 cm of the surface.

Environmental characterisilcs

footslopes end almost flat upland plains.

Ironstone

These well drained soiis occupy the upper parts of gently sloping

to 6 perconte

mounds are scattered throughout the area.

Miombo woodland is the main vegetative covers

Slope gradient ranges from O

Termite
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Land use

A part of the area has been cleared for cultivation of mainly maize,
beans, cassave and sweet potatoes. There are some areas under tobacco

and groundnuts .

Associated soils

These soils are associated with soils U1, U2 and U4. They differ
from U1l in their coarger texture and in occupying a somewhat lower posi~
tiong from U2, which ere finer in texture, have frequent ironstone
nodules at a shallow depth and odcupy a higher position; and from U4 in

not having freguent ironstone nodules.

The U4 soils are clasgified as Dysitric Cambisols, petric phase in
the FAO/UNE%CO Legend and Ustic Dystropepts in the USDA Soil Taxonomy.
They cousist of well drained, very frisble, yellowish red sandy loamz, with
frequent ironsitone nodules within 100 cm of the surface, Structural

development is weak.

Typical profile (P22)

Locatbtion: main road.beﬁween roads 54 and 55

Date of examination: 28/12/'!977o Authors: Hof, Bomans
Landforms upper part of upland plain

Site: almost flabt, 1-2% slope

Microreliefs scattered termite moumds

Blevations 1,015 m. above sea level

Parent malerial:s weathered granitic rock

Vegetation: miombo woodland

Moisture condition: moist throughout

Groundwater: unknown

Rock outcrops/surface stoniness: none

Erosion/deposition: none detected

A -5 Dark reddish brown (5YR2.5/2) moist, ( 5YR3/4) dry;
sandy loam; moderatc medium crumby very friablec moist;
non sticky and nonplastic wets few fine tubular pores;
many very fine roots; abrupt smooth boundary.

Ah 520 Dark reddish brown { 5YR3/4) moist, yellowish red

cm (5YR4/8) dry; loamy sand; moderate mediwn crumb; very
‘ friable moist, slightly sticky and slightly plastic

welby very few fine tubular and many very fine
interstitial pores; common fine and medium roots,

clear smooth boundary.
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Bl 20-50 Red (245 YR4/6-5/8) moist and dry; loamy sand;
o moderate medium crumbs very friable moist, slightly
sticky and slightly plastic wets common very fine
tubular and many very fine interstitial poress; common

fine medium and coarse roots; clear smooth boundary.

Bw2 50~79 Divto, but sandy loam in textbure
cin

Bes 19120+ Red (2,5Yﬁ4/6»5/8) moist and drys very gravelly sandy
cr ‘

loam; moderate medium crumb; friable moist, slightly
sticky and plastic wets common very fine tubular and
many fine interstitial pores; more than 50% of small
(0s5~1.0 cm diameber), hard, spherical, red or dark

red ironstone nodules of comcentric structure; common

fine rooits,

Notes This profile is redder in colour than is usual in U4 soils. The

B horizon is yellowish red in most profiles.

Benge of profile characteristics
The A horizon ranges from dark reddish brown to red in colour, and
from loamy sand to sandy loam in texture. The B horigon is usually
yellowish brown, sometimes red or dark red. Soil reaction varies from
slightly to moderately acid. Iromstone nodules are frequent or very

frequent below about 50 cm. from the surface.

Invironmental characteristics

These well drained soils are on the upper parts of gently sloping
footslopes and almost flat upland plains. Slope gradient is O-6 percent.
Miombo woodland is the dominant vegetation. Termite mounds are scattered

throughout the areas

Land use
A part of the land has been cleared for cultivation of mainly maize,
heans, cassava and sweet potatoes. There are some areas under tobacco

and groundnuts,

Agsociated soils

These soils arc associated with soils U1y U2 and U3e. They differ

from U1 in thelr coarser texture and in heving ironstone nodules at a
shallow depth; from U2, which are finer in texture; and from U3,

which they otherwise resemble; in having frequent ironsione nodules.
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Particle gize distribution

Sample Depth % sand % clay  Silt/ Text
NO, cm 205 805,02 5 020 o 002 clay  class
1145505 C~5 15 13 1 11 16 SL
06 5020 81 9 3 8 166 L
07  20~50 T 5 ] 8 0.7 LS
06 50~79 T2 9 1 18 0.5 5L
® 19120 72 T 5 16 0.7 SL
Exchangeable cations me % Sum of  Sum of
bases cations
0.Ce §  C/W me % me %
% % Ma K Ca Mg H
0,56 0,02 28 . 0u42 0213 440 1.60 6.5 6655 1305
2:53 0,04 63. 0,07 0413 5620 2.80 5.5 8420 1370
0.38 0,12 3. 0,06 0,16 5,60 4,40 7.0 10022 17422
0.28 0,04 T. 0,06 0,07 2,00 2,80 11,0 493 1593
0.19 0,02 9.. 0,06 0,07 360 1,20 8.0 4493 1293
1 Sum of Sum of
P bases clay cations clay ESP BS % P
H20 CaCl2 me % me %  ppm
6o 5.8 58,2 119 o5 3o4 4847 2
6,6 642 107 8 180,11 0,5 59 48 4
603 5m6 ’13403 226@5 003 59 @3 1
594 500 2701 8705 Oal}. 31 q,O O
5e¢5 46 3040 78.8 0ol 38,1 0

A 4.3 MAPPING UNITS 3, 5

@
o

SOTILS OF THE FOOTSLOPES AND UPLAND PLAINS, LOWER

These soils are classified as Cambic Arenosols in the FAO/UNESCO

Legend and Ustic?

Quartzipsamments in the USDA Soil Taxonomy .

They

include somewhat excessively drained, loosge; yellowish brown and pale

brown sands and loamy sands.

Structural development ils wealke

&

PA

RTS



( 61)

Typical profile (D15)

Location: 50 m south of mein road, 1,000 m east of Junction with road tbo
administration quarters.

Date of examination: 28/11/1977c futhorss Bomang, Magoggo, Lesika
Landform: footslope of isolated steep hill, lower pari

Site: almost flat, 2% slope

Hicroreliefi scattered termite mounds

Elevation: 1,020 m. above sea level

Parent material:s quartz send derived from granitic rocks

Vegetation: miombo woodland, thicket in places

Moisture condition: moist to 115 cm, dry below

Gromdwabers unknown

Rock ouﬁorops/surfaoe gtones: none

Erosion/deposition: none debected

Ahl -8 Very dark greyish brown ( 10YR3/2) moist; sand; weak
o fine and medium crumb; very friable moist, nonsticky
and nonplastic wet; many fine interstitial pores;

meny fine roots; clear smooth boundary.

Lh2 8~23  Brown ( 10YR4/3) moist; sand; weak fine to medium crumb;
o very friable moist, nonsticky ond nonplastic web; many
fine intersititial pores; many fine and medium roots
diffuse smooth boundary.

Cul 23~44  Pcle brown ( 10YR6/3) moist, sand; single grain; loosc
o moigt, nonsticky end nonplastic wel; many fine inten-
stitial pores;few coarse roots; diffuse smooth boundary.

Cug 44445+ Didto, bub yery. pale browns( 10¥R7/3) moist, in colour
cin

Renge of profile characteristics

The soils range from gand to loamy send in texture. The colour of
the 4 horizon may be very dark greyish brown, dark brown or browni that
of the € horizon varies from light to dark yellowish brown, or very pale
brown to brownish yellow. Soil reasction varies from slightly 1to moderas
tely acid. Some profiles have common mottles and/or a continuous irone

stone layer at more fthan 100 cm of the surfacc.

awvironmentel characteristics

These soils are somewhat excessively drained. They occupy the lower
parts of gently sloping footslopes and almost flat uplend plains. Slope
gradient is O~6 percent. Miombo woodland is the dominant vegetation.

Termite mounds are scalbtered throughout the ares.



Land use

A part of the lend has been cleared for cultivation of mainly maize,
beans,; cassava and sweebt potatoes. There arec some areas under tobacco

and groundnuts.

Aggociated soils

These soils are associated with soils U6, U7 and U8, They differ
from U6 in not having an ironstone layer; from U7 in being bebber drained;
and from U8, which overlie an iromstone layer at a shallow depth and is

poorer in dra&nagea

Soil U6

The U6 soils are classified as Cambic Arenosols, petroferric phase
in the FAO/UNESCO‘Legend and Petroferric? Quartzipsamments in the USDA
Soil Taxonomy. They comsist of somewhat excessively drained, loose,
yellowish brown and pale brown sands and loamy sends, overlying s comtbim
nuous ironstone layer within 100 cm of the surface. Structural develop~

ment ls weake

Typical profile (D21)

Locations road 16, ot 350 m from junction with road 15
Date of examinations 21/11/19770 Authorss Hof; Daggaa
Landforms low part of upland plain

Site: almost flat, 2% slope

Microrelief: scattercd fermite mounds

Elevations 995 m. above sca level

Paren%'materialz gquarts sand derived from granitic rocks
Lend user fallow

Moisture.oondition: neist throunghout

Groundwater; unknown

Rock ouﬁor@ps/surfuce stonesgs none

Erosion/deposition: none detected

Ap 0~18 Very dark grey ( 10YR3/1) moist; sand; weak medium
cm crumb; loose moist, nonsticky and nonplastic wet;
meny fine interstitial pores: common very fine rootsy

clear smooth boundary

& 18-48 Iight yellowish brown (10YR6/4) mointy sand; woak
cm medium crumb; lnnwe moist, nonsticky and nonplastic wets

wezy Tane interstitial poreg; common very fine rootss
irregular bouwndary.
Cms 48+ Petroferric horizons continuous ironstone layer compoe
cm . .
ged of cemented nodules, mainly quartz,; with some

fisgures
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Range of profile characteristics

These soils vary from 40 o 100 cm in thickness, from sand 4o loomy
sand in structure. Colour of the A horizon may be very dark brown or
very dark greyish browni that of the ¢ horizon renges from yellowish
brown to pale brown, sometimes brownish yellowish brown. Soil reaction

aries from slightly to moderately acid, sometimes strongly acid.

Invironmental characteristics

These gomewhat excessively drained soils arc on gently sloping to
almost flat lower parts of footslopes and uplond plains. Slope gradient
varies from O to 6 percent. HMiombo woodland is the main vegelbabive

cover. Termite mounds are scattered throughout the areca.

Land use

A par% of the land has been cleared for cultivation of mainly maize,
beahs; cassava and sweebt potatoes, There are some areas under tobacco
and groundnuts.

Agsociated goils

These soils are associated with soils U5, U7 and U8. They differ
from U5 and U7 in overlying an ironstone layer at a shallow depth; and

from U6, which are poorer in drainage and have prominent mottling.

S0il U]

The U7 soils are classified as Cambic Arcnosols in the FAO/UEESCO
Legend and Ustic? Quertzipsemments is the UBDA Soil Taxonomy. They
include moderately well drained, loose, yellowish brown and pale brown
sends and loamy sands, with strong brown mottles. Structural development
is weak.e
Typical profile (Eﬁl
Location: 800 m. east of road 16,300 m. north of road 24

Date of examinabions 27/12/1977 =~ Authorss Lesika, Daggas

Landforms lower part of upland plain

Sites almost flabt, 2-3 percent slope

Microrelief: scattered ftermite mounds

Elevation: 1,035 m. above sea level

Parent material: quayts. send derived from granitic rocks
Vegetation: miombo woodland

Moisture conditions moist throughout

Rock outcrops/surface stoness none

Erosion/deposition: none
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Al 08 Very dark greyish brown (TOYRB/Q) moist, dark greyish
o brown (10YR4/2) drys; sand; single grainj loose moist,
nonsticky end nonplastic wet; many fine interstitial
pores; many fine roots; clear smooth boundary.
Ah2 841 Brown ( 10YR4/3-5/3) moist and dry; sand: single
o loose moigt, nomsticky and nonplastic web; meny fine

interstitial pores; many fine rootss clear smooth

boundary.

Cu 41150 Light yellowish brown (1OYR6/4) moist, very pale brown

o (1OYR7/4> drys many medium, clear, distinct strong

brown and few yellowish red mottles; sand; single
graing loose; nonsticky and nonplastic wet; many fine
interstitial pores; few fine and medium and many
coarse roots; clear smooth boundary.

Cg 150-180 Very pale brown ( 10YR7/3~8/3) moist amd dry; meny

fine and medium, diffuse, distinct dark greyish brown
and yellowish brown mottless sand; single graing
looge moimt, non~sticky and nonplastic wet; many fine

interstitial pores few fine and coarse roots.

Range in profile characterestics

These soils vary from sand to loamy sand in texbure, bul sometimes
have sandy loam layers at variable depths. The colour of A horizon ran-
ges from very derk greyish brown to dark browni that of the ¢ horizon
from light to dark yellowish brown, brownish yellow or pale brown. Some

profiles have a combinuous ironstone layer below 100 cm of the surfacc,

Environmental characlteristics

These moderately well drained soils are on the gently sloping 1o
almost flat lower parts of footslopes and upland plains. Slope gradient
ig O-6 percent. Miombo woodlend is the dominent vegetation. Termite

mounds are scattered throughout the area.

Land use
A part of the land has been cleared for cultivetion of mainly maizc,
1.

beans, cassava and sweeb potatoes. Some areas are under tobacco and

groundnutse

Associated solls

hese soils are associated with soils U5, U6 and U8, They differ
from U5 in being poorer in drainage and in heving prominent mottles; and

from U6 end UB, which overlie im ironstone layer at a shallow deptll.
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“The U8 soils are classd

it P

o Gambic Arenocsols

6043

o by

EaSEEE

”Qh ase

. patroferric

“in the FAO/UVES&O Legend and Pe ofe'?ic? Quartzipsamments in the USDA

Soil Taxonomys . These soils include modermtol well drained, loose light
of . P &

yellowigh brown and pale brown seands and loamy sands with strong brown

mottless They have a conbinucus ironstone layer within 100 om of the

surfacea

‘Typical profile (P32)

Location: road 16, at end of motorable part

Dabe of rexaminabion: 29/12/1977. Authers: Hof; Bomens

LopifForme: . Lower end of mpland plain

Siter amlmost.flaty 2% slope

Hicroreliefs cscattered. termi

21995 me

te momnds

Blavation: above gea-level

Parént materianls guartz sand derived from granitic rocks
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Vegetatlions miembo woodland

Holstuare conditions moist Bhroughout

Groundwaterz wiknown

Rook outeorops/surface stones: none

Eﬁﬁ%i@ﬁ{ﬁ@p@%i%i@hﬁ very wesk signs of stratificatioa in Ap which may
indicate deposition

Apid G2 Very dark greyish brownm (?CWBB/ ) moist, greyish

om browun (?OYRﬁ/Q) dry; loamy sand; moderate medium

crumby very friable moist, nonsticky and nonplastic

we'ty many fine ftubular and interstitial poress

many fine and very fine roots: clear smooth boundary.

?

Ap2 12038 Darle greyish bhrown (ﬂOYR4/2) moist, greyish brown
om . N N . .

(TOZRB/Ej dryy loamy send; moderate medium orumbsg

very friahlie molet, nongilcky and nonplastic welbs

few fine “ubulay pores; common fine and fow coarse

rovis; gradual sucoth boundary
¢ 3664 Light yellowish brown { 10YR6/4) moist, very pale
il eryr : .
brown { Lsf/%} drys; loamy sand; weak medium crumb;
very friaule meist, nonsticky and nonplastic webs
meny very fine intersiitial poresy few medium mad
coarse roots; gradual smooth boundary.
Og 6485 Very pale brown ((1CYRT/4) moish, white { 10YRG/4)
o . . .
dry: meny fine ard medium prowmineant sitrong browun
mottlesy loawny sandy weak modium crumby very frisble
moist, nonsticky ad nonplastic weby many wvery fine
interatitial pores; very few medinm roots; clear
wovy boundary.
Crag 851224 Pevroferric horigon: continmons Lronstoune layer
i

composed of cemented nodules, mainly quardsz, with

gome Tigsures.

Range of profile cha

sge s80ils are usually moderately well drained, ranging B0 impore—
lb{}w. J J

feckly drained where the ircnstome layer is either massive and/or ccours
b a shallow depth. This layer is largely constructed of cemented
nodules, but sometimes iz massive with no recogniszable struciture. They
vayy from 50 to 700 cm in *%*ﬁ%necq; from sand to loamy sand in dexiure
e ~£nom. ﬁin 1le grain o wear fine crumb in siruchure. Colour of the

A horizon may be very dark browa or very dark greyish brown; and thah

brownish yellow or dark yellowigh browa. Soil reaction varies from

slightly %o mederately acld
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fmvironmental characteristics

These soils ocoupy the gently sloping do almost flat lower rarts of
footslopes and uplend plains. Dominant vegetation ig miowmbo woodland.
Scatlered termite mounds cover less than 10 percent of the areas
Lend, use

Part of the land hes been cleared for cultivation of mainly maize,
beans, cassava and sweet pobatoes. There are also sreas under Hobacco

snd groundmutbs .

Aspociated soils

These moils are associated with soils U5, U6 and U7. They differ
from U5 and U7 in having an ironstone layer, end from U6 in Their poorer

drainage and presence of mottless

Analytical data moil profile pi2

i N s 8t 3

Particle size distribution

Sample Depth % send % silt % olay  silt/ Text
no om 0502 002--,002 2002 clay class
115510 0-12 87 6 0 7 0.9 L3
11 1264, 83 8 2 7 145 1S
12 64122 85 6 3 6 1.5 LS
13 122+ 86 6 1 6 142 LS
Exchangeable cations me % Sum of
Sum of oat%ons
. ) : bases me %
O£C° N ¢/ Na K Ca Mg H ne 9
Z oot e . ) . .
0,69 0.03 23, 0,04 0610 3660 4640 440 8.14 12414
0552 0,02 25 0,04 ©0s07 4680 0,80 2.0 5471 Ta71
0.86 0.00 173 0,03 0,03 4,80 1,60 2.0 646 8,46
0.69 001 69.  0s,03 0.04 2,80 0.80 340 3667 6467
Sum of Sum of
PH bases clay cations clay P
H20 CaCl2 me medh ESP BS % pLm
6s1 54 119 o7 1785 0:3 671 8
6ol 546 8.6 11041 0e5 Ths1 6
6.0 5.4 107.8 14142 Oud 7644 6
6+2 545 59 «2 107 #6 05 5540 4

e AL 3 Al 5B G At



Mied  MAPPING UNIT 6 SOILS OF THE BOTTOMLAND

Soil ld

The L1 soils are-classified as Dystric Cleysols in the FAO/UNESCO
Legend and Tropaguenis in the USDA Soil Taxonomy . They consist of poorly
drained, dark %o dark greyish brown sandy clay loams and sandy clayss over-

lying a hardpan at o shallow depthe

Typical profile (D 16)

Location: 25 ms north of main road, 750 m east of headguarters
Date of examinations 28/??/?9?79 Authors: Bomans, Magoggo, Lesika
Landforms bottomland
Sites almost flat, C-1% slope
Microreliefy scattered bermite mounds
Elevation: 1;012 m, above sea level
Parent material: alluvial and colluvial sediments
Vegetation: grassland with scattered trees
Moisture conditions moist to 40 cm, wet below
Groundwater: unkncwn
Rock outorops/surface shonest none
Brogion/deposiftions nore detecied
Ah O-14 Black ( 10YR2/1) moist, common medium distinct dark
o yellowish brown ( 10YRA/4) motiles; sandy olays
moderate medium orumb; friable moist, shicky and
plostic web; common fine and medium tubuiarAporgs;
“many fin@ roots; diffuse wavy boundary
Ao 1437 Very dark greyish brown ( 10YR3/2) moist, many modium
o distincf dark yellowish brown (TOYBQ/Q) mottless.

gsandy clays weak medium subangular blocky; friable

moist, sticky and plestic weby many fine dubular
pores:; diffuse wavy boundarys
Cu 360 Darle greyish brown (?OYR@/E) moisty meany medium
o distinet dark yellowisgh brown (1OYR4/4) mothless
sandy clayy messive; friable moisty sticky and
plagtic weby many fine bubular pores; few fine roots;
clear smooth boundary.
Cm 60+ Hardened, masgive, fine-textured horizon with no

om .
recognizable structure.

Range of profile characteristics

These soils ugually renge from sandy clay loam %o alay in texture, but
the A1 horizon may be toarser in some profilese The colour of the soil
matrix varies from dark grey G black to dark greyish brown, that of the

motbles from dark yellowish brown or girong brown to yellowigh red. Soil
gtructure is weak to moderate crumb or subangular blocky in the upper
horizons, grading into massive below about 40 cme
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Eovirommental characterigtics

These poorly dradined soils occupy edges and centres of almosd flot
bottomlands, which receive water as run—off and/or seepage from adjoining
higher-lying areasé During most of the reiny sesson the soils rvemaln
waterlogged, especially in depressionsa ;Qoogsioﬁélly; arcas ncar the
Igombe river are flooded for shvri periods ét a times

A number of termite mouhdé4aré geattered throughout the areca. Domie
nant vegetation is grassland, with some trees and thickebs on termite
mounds e
Land use

Only a smell part of the land has been cleared for cultivetion. Rice

is the mein crope

Asgociated soils

These so0ils are associabted with soils L2 and L3, from which they
differ in having a hardpan at a shallow depth and in being poerer in

drainage.

Soil L2
- The L2 soils are classified as Dystric Gleysols in the FﬂO/ﬁN=SCO
Legend and Tropaquente in the USDA Soil Taxonomys They include imperfem@}y
t0o poorly drained, grey to dark brown sandy clay loams and sandy clayss
with prominent motiles througﬁou% the profiles Structural developnent is

weall »

Typical profile ( P7)

Locatbion 300 m norfh of road 24, 100 ms east of road 16

ﬂ&%@*@i~eﬁ3@fné§idﬁ§ “”/ﬁ5/1977a Authors: Lesika, Bomans
Landforme béﬁfémla@&

Sites almost flat, O~1% slope

Migrorveliefs scattered termite mounds

Blevations 1,027 m. above sea level

Parent materials alluvial and c@llﬂﬁial sediments
Tegetation: grassliand With'gomeuﬁregs;

Moishure condition: moist to 17 omy saturated bslaw
Grovadwater: 140 om '

Roaﬁiouﬁcropg/surface stones: none;

Erosion/&@positionﬁ none detected
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Lh 05 Very dark brown ( 10YR2/2) moish; very daxk grevish brown

om

(1OYR3@5/2) drys loamy sandi moderate fine crumby very
fxlabl@ m@am&wvwlz;htly g%mckv and nonblastid wetl dommon
f&ne tnbmlar and intersbitial peragw many fine rootss
abruplt smooth bouadaxw

Abg B 17 Dark greyish brown (10YR4/2) i0ist, broun Q?QVR5/ ) drys
o many medium distinet clea %%ﬁﬁng browa (Zm§YR5/6) mobtless
sendy loamj moderate medium ciumbi very friable moist,
sticky amd‘gligh%ly~plasﬁié wety common fine fubular and
interstitial pores; many Tine and feow medium rootsy clear
smooth boundary

Aog  1Tw43 Greyish brown ( 10YR5/2) wet, light yellowish Brown ( 1CKR
o 6/4) drys, meny coarse prominent clear strong brown
(7.5YRS/6) mottless sendy clay loam; moderate medium crumbj
sticky and plastic web; meany fine tubular pores; fine roots;
clear smooth boundary

Cgl 4381 Pale brown ( 10YR6/3) wet, light yellowish brown ( 10YRG/4)
o dry: many coarse prominent oléar strong brown (705YR5/6)
and-few dark red (2@5YR3/6) mothles; sa@ddelaﬁ‘lOng
massive; sticky snd plas tic weby many fine dubmlar pores;
few fine medium and coarse roots; elear smooth bouadary.
84141 Light brownish grey {1OYR£/2) webs 1$ﬂht yellowish brown
o

<2
@
Mo

(- OYRé/&) drys meny medivm and coarse promxn&mt clesr strong
browa (?a51ﬁb/6):anc dark brown (L@5YR3/6} mottles; sandy
clayy massivey sticky and plastic wety many fine tubular

pores; few medium and coarse rootsj clear smooth boundary

g3 40 Ditto, but many coarse, prominent, sharp yellowish r-~
om ( 57R5/8) mottles

Range of profile characieristics

These soils have chromas of 2 or less, varying in colour from g
dark brown. Motiles may be sirong brown,; yellowish brown, yellowmsh red or
darlc red. Dominant bextures are sandy clay loam and sandy clay; occasionally
being coarser in the %opsoil; Soil reaction is moderately: o strongly acide.
Fovironmental characheristics

These soils are imp@rfeotly or poorly draineds They occupy almogh .flat

bottomlands, which receive water as rune-off %n@/or seepage from adjoining,

higher-lying areas. A good part of these soils remain wabter--logged during

mos+t of”the rainy'Seasonw espeaially in waterways and depressions. Qccagiones

1ly areas near the Igombe rmver ar@ flooded for shor werlodu at a times
Termite mounds are omLtered %hroughouﬁ the arcas ,Th@»dpmanant

vegetotion is grassland, with some trees and thicket on témmite mounds.
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Land use
Only a part of the land hns been cleared for cultivatione Rice is
the main crop in waterlogged aleas; and cassave, sweet poltatoes and somec

maize in the best drained soils,

Assoclated soils

These soils are associated with soils L1 and L3. They differ from
L1 in not having a hardpanj and from L3 in their finer texture and in

being poorer in drainage.

Analytical data soil profile pT

Particle size distribution

Sample  Depth % sand % silt % clay silt/ Text
no cm 2405 005,05 002,002 2002 clay class
115484 0-5 82 6 4 9 101 LS
85 5~17 80 4 2 15 0.4 SL
86 173 62 4 6 28 043 SCL
87  43-81 58 4 3 35 0.2 SOL
88 81141 58 2 4 36 0.2 sC
89 141+ 52 6 4 38 0:3 SC
Exchangeable cations me% Sum of Sum of
0.Cs N C/N Na K Ca Mg H bases cations
meh me %
0,87 0,04 21 0,04 024 3420 0,80 1949 4428 24,18
0.55 0,05 12 0605 0507 480 0,80 Tl 572 12,82
0,47 0403 17 0,08 0,06 3620 320 17,1 6654 2364
0,22 0,03 8 0613 0,06 3620 1420 844 4059 12.99
011 0a02 5 = 0420 0,05 320 1660 1448 5405 19 .85
0.07 0,02 3. 00,26 0,04 3,20 2,40 1945 5690 25440
Sum of Sum of
pH bases clay cations clay " P
H20 CaCl2 me % me % _ ISP BS % ppim
56 540 4846 2748 0.2 177 8
562 46 3867 86,6 04 44,46 6
560 4e5 233 84 o4k 0.3 2746 3
5ed 48 13,0 3T+6 10 353 T
566 5l 1440 5541 10 2564 9
56l 49 1545 6648 100 23,2 8
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Soil 13
The L3 scils are classified as Dystrioc Gleysols in the F%O/UE

- C0
Legend and Tropaquents in the USDA Soil Taxonomy. They oonsigt of
imperfeotly drained, loose, greyish brown sands end loamy sands with

common mottles at a shallow depth. Struotural development is weak.

Typloal profile (DA2)

Looation: southern end of road 1¢:150 m. beyond motorable part

Date of examination: 28/11/1977o Authors: Hof, Daggaa

Landforms Bottomland

Sites almost flat, 1% slope

Miororelief: soattered termite mounds

Blevations 1,024 m. above sea level

Parent material:s alluvial and oolluvial sediments

Land uses fallow

Groundwater: unknown

Rook outorops/surfaoe stoness none

Erosion/depositions none deteoted

Ap 020 | Very dark greyish brown (1OYR3/2) moist: sand; single
om grain loose molst, nonstioky and nonplastic wety many
fine interstitial pores; oommon Fine roots; olear smooth
boundary .

C 20~110 Pinkish grey’(7»5YR6/2) moisty common medium and fine

o prominent strong brown (705YR5/6) mottlesy sandy single
graing loose moist, nonstioky and non plastio web; many

fine interstitial pores.

Range of profile oharaoteristios

These soils have chromas of 2 or less, varying in oolour from grey to
light brownish grey or pinkish grey. Mottles may be few or oommon,
vellowish brown, brown or strong brown, sometimes yellowish rcd below 100cm.
Soil texture is sand or loamy sand, but some profiles have sandy loem luyers

at varioble depths. Soil recaotion is moderately to strongly acid.

Environmental oharaocteristios

These imperfeotly drained soils ooour in soattered, almost fiat arces
in the bottomlandse During the rainy scason they may reoceive water as run-
off an@/or seepage from adjoining, higher~lying land, These soils appear
to remain waterlogged for rather short periods at a time, probably owing
to their rapid internal drainage.

Termite mounds arc soattered throughout the area. Dominant vegetation

is grassland, with some treces and thiokets
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Land use
TR 3005 S MRS

Only a part of the aven nas veen cleared for cultivaticn of maialy
cogsava and sweet potatoes. Malzme and beans are grown in the best

drained lands
Associated s0ils

These soils are assoclated with soils L1 ond L3, from which they

differ in thelr ccarse texbture and in being belblber dralneds
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