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stwat?y

Back ground -information related to classification, pedogeneiis
It includes information onand laud evaluation is briefly given.

geology, geomorphology, topography, drainage, climate and vegetation.

n-3ti&2.yl classification systems is reviewed. Literature review on.
pedogenesis critically focus on soil genesis work in Zambia in relation
to important soil’ formng factors.

International and local land evaluation systems are reviewed.
together with concepts that are not used consistently and have often
caused lots of confusion in land evaluation.

The results of the study can briefly be summarised as follows:

1. The soils are classified, into four major orders: Oxisols,
(Soil Survey Staff 1975)Ultisols, Alfisols and InceptIsols.

or as Ferralsols, Luvisols, Acrisols, Hegosols and Lithosols
(PJL.O./craESCO 1974). Classification is pursued up to the

family level and sub-unit level respectively*.

2. The major processes which are important in pedogenesis are:

Fertilization Decomposition and Synthesis. Geology was found.to
be the most important soil forming factor.

Literature on soil classification in relation to local and inter- 
■ :

Eluviation, illuviation, Cumilation, Pedoturbation, Desilication,



Most of the soils in the area are moderately suitable to3.
crop production (60^).- The major limitation to crop
production are fertility (for the Oxisols), flooding,
moisture availability, stoniness; and rooting depth«

Socio-economically the area is not suited to cash crop.
production at subsistence and intermediate management levels*

The area has a high potential for crop production especially
with improved management.level'*



- vi

ACKNOWIEDGSLIENT’

I am indepted to the several persons who helped, in several
I would like toways, enabling me to complete this dissertation*

mention the following persons who in one way or another had a direct

inCLuencs on my work:-

A’iy Supervisors:: Mr. Shayo-Ngowi and Dr. W.J-. Veldkamp for.

laboratory work and writting up of the dissertation*

The department of Soil Science staff at the University of
Dar es. Salaam, Faculty of Agriculture, Forestry and Veterinary
Science in Morogoro, for their cooperation.

The Soil Survey Unit (SSU), Mount Hakulu, Qh-i Tanga, for their-
cooperation and help with equipment and transport used in the
field, the laboratory and typing of the dissertation*.

The: Norwegian Agency of International Development (Coop_eration).
NOBAD for sponsoring me and giving me extra financial help.
which al t nwad me to work in Zambia, to lay out field experiments
and to fly the supervisor from Tanzania to Zambia*

The Government of the Republic of Zambia for grant! ng me study
leave*

their advice and close supervision throughout the field work,



- vii

Prof. Sys of the University of Gent, Belgium, Prof. Nj/s of
the Agricultural University of Norway Aas and Prof. Moozmann
of utrechtthe Netherlands for discussing the dissertation.

Prof • Mooimann for the micromorphology studies: on the soils.rx»

Prof. J/rgensen, Institute of Geology Aas. for directing me
during my mineralogical analysis.-

Maluba, Tukia and later latai for enduring my long absence
from them and for the lots of love and encouragement, they
gave me throughout the production of this dissertation*

Shichaangamaamba, G.K. and Mr. Mudenda for looking after my
family.

To my father and mother for all owing me to avoid my extended'
family responsibilities during my-dissertation work.

this dissertation.

Mrs. Maluba. A. Kalina for typing the draft, of this dissertation.

Mrs. Gasper, M* for typing the final dissertation.

A. Oonmissaris for the encouragement.

Mrs. Maggie-Kashweka for typing a part of the first draft: of



viii

Wen and Bobert: for the useful discussion on the dissertation.

Patrick Kalama for rewritting the dissertation into a hand-
writ ting which was easy to read for the typists.

Tukia, Tatai, Masule, Pavourate
Godfrey, Aggripa, Chintu, Bull and Jackson for. just, being.
very understanding,.

And lastly to all my teachers in my M.Sc, theory course'att
Aas (MH) Norway for Imparting into me the Scientific Know­
ledge related to soil, that enabled me to explain many problems.
during my field research.

Maluba, , Kadona, Advice,



table of contents

iiDECLARATION

SUMMARY

viACKNOWLEDGEMENTS • • •

ixTABLE OF CONTENTS

LIST OF TABLES ...

xviiiLIST OF FIGURES • • •

LIST OF APPENDICES

1LSCRODUCTION

3BACKGROUND INFORMATION OF THE AREA.
3I®1 Ii o cat ion

31.2 Geology

Geomorphology/topography- • 71.3

a. 1.4 Drainage- • • •

10Climate1.5

101.6 Vegetation

13LITERATURE REVIEW

13Soil Classification ...II.1

14II.1.1 Zambia system ...

II. 1.2 FAO/UNESCO legend. 15

17II.1.3 Soil Taxonomy ... • • • ♦ ♦ •

II. 1.4-Some problems associated, with the Soil.
Taxonomy and FAO/UNESCO legend '••• 21

29II.2 Soil genesis: ... • • •

33Land evaluation.II.3

Io



X
Sags

MATERIALS AND METHODS 49III.

49Soil Survey methods- ...III.1

55III .2 Laboratory methods.

59III.3 Land evaluation • • •

60IU.4 Soil classification

60Pedogenesis-III.5

61RESULTS AND DISCUSSION ...
61XV S1 Soil characteristics

IV .2
74

IVo2o1
79
83Pedogenesis in the study area.IV <>3 • • •

99Soil, classificationIV .4 • • •

117Land evaluationIV .5
IV.5.1

172
TV.5.2

176• • •

178Socio-economic surveyIV.5.3

199CONCLUSION • • •

Suggestions for future work ... 200

202CUED LITERATURE ...

APPENDICES.

Mineralogy and interpretation of 
mineralogical results ...

Management levels and their, effect on the 
final suitability class ... ... ••
Crop performance on two major 
mapping units ... ... ...

Interpretation of mineralogical results 
in relation to soil, productivity

XV e



xi

LIST OF TAELES'Table Bag?
1

7
112 Lusaka city airport climate data. ...

3
12

4
46a •«

47Lead classification legend for Zambia

10 63

766 Summary of the major soil characteristic®

7
104

8
108

9
111

11
114

12
116

Mapping units in the different 
geological units • •• ••

Summary table. showing classification 
according to Soil Taxonomy for mapping, 
unit 32 ... .

Percentage probability of cumilative 
monthly rainfall amounts for Lusaka

Summary table showing classification 
according to Soil Taxonomy for mapping 
unit 11, 12 ••• ••• 

Summary table showing classification 
according to Soil Taxonomy for mapping 
unit 31 ••• • • • • • • •• • ••

Summary table showing classification 
according to Soil Taxonomy for mapping 
unit 33. aaa ••• aaa aaa* aa

Summary table showing classification 
According to Soil Taxonomy for mapping 
unit. 41, 42 ••• ••• ••• ••• ••

Tar iat ions of composition of rock 
belonging to the Cheta formation 
at Mungule (Simpson et al 1963)

A diagrsanatic representation of the. 
land capability classification 
procedure.of Zambia. ... ... • <



Table

13
117

14
118

12116 Relevant land qualities of Kapini area; ...

12317. Crops considered in the study

141
124

19 126

20
128

21
133

13422 • • •

23 a
134

23b
134

24
135

13525

26 136

Minimum 1 and quality rating requirement 
for shallow rooting crops •

Final suitability rating for the land quality 
availability of moisture for shallow 
rooting crops ••• • •• • •• ••• •

Key attributes of Management levels 
and land utilisation types ••• ••

Suitability requirements for maize, wheat 
and groundnuts ••• • •• ••• ••• ••

Summary table showing classification 
according to Soil. Taxonomy for mapping 
unit.52- ••• ... ... ... ...

(for deep rooting crops)....

Description of the land suitability 
classes as given by FAO (1976) ..

Summary table, showing; classification 
according to SbH Taxonomy for. mapping 
unit 22 • •• • •• ••• •••

MiniTnum suitability requirement for. shall ow 
rooting crops (tomatoes) ... ... ...

Bating- of AWCE (for shallow rooting crops) s

Structure of suitability classification 
(after-FAO 1976) 

Rating of. AWC^

Co-efficients used, in the Calculation of 
specific A.W.C. (AWCg, AWC^, AY/C j) •



- xiii -

Table
27?

136

28
137.

Suitability requirements (cotton and citrus)29 137

30
138

31
139

32
140

33
140

34
141

35
141

36
142

37 pH fertility characteristic 145

BSE- fertility characteristic38 145

C.E.O, fertility characteristic •••39 146

40 Clay mineral component fertility characteristic 147

Hating of availability of oxygen for very deep 
rooting crops ••• ••• ••• ••• ••• • •

for- very deep rooting crops 
) ••• ••• • ••

Hating availability of oxygen for shallow and. 
deep rooting crops • •• • •• • •• ♦ •••

; for the land quality 
shallow and deep mating

• ••• ••• ••• • ••

for the land quality1 ...

Minimum suitability requirements for cotton 
and fruits; •••  ...

Pinal suitability rating for the land quality 
availability of moisture for very deep rooting 
crops oo« ••• ••• ••• ••• ••• ••

Pinal suitability rating for the land qual 
availability of oxygen (cotton and fruits)

Crop requirements for land quality availability 
of oxygen (shallow and deep rooting crops) ...

Pinal suitability rating 
availability of oxygen (s 
crops) ••• ••• ...

Hating of AWC . 
(cotton and citrus)

Pinal, suitability rating for land quality 
availability of moisture for deep rooting 
crops (matching process) ••♦ ••• •••



xiv

Table Page..

41
147.

148*P* fixation fertility characteristic •42

43 148

44 149

14945 Suitability requirement for fertility

46 150

47 151

48
151

152Clay impeHmen-t: to water movement characteristic49

50 152

51 152♦ ••

52
153

53
153

54
154

Rating the land quality presence of surface stones 
and rock outcrops • •• ... ... 9»9 ...

Crop minimum rating requirements for the 
different characteristics ... ... • •

Pinal rating for the land quality soiH 
fertility ... 

Presence of weatherable minerals fertility 
characteristic  ... •••

Suitability ratings for the various land utilisation 
types for the land quality impedment to root 
development ... ••• ••• ... ...

Crop minimum rating requirements for the land 
quality fertility ••• •••• ••• ••• •

Suitability requirement for the land quality 
impedment to root development ... ...

Gravel content characteristic in root 
development ••• ••• • • •

Suitability rating for various land utilisation 
types for the land quality soil fertility ...

Pinal rating for the land quality impedment. 
to root developments ... ••• ... ••• •••

Rating the land quality impedment to root 
development. Soil depth characteristic



— XV

Table

55

155

56
155

57 The observed
157

50
157.

59 157
60 158

61 158

62
158

65 159• ••

64 160

65 160

Final rating of the land quality workability 16166

67
161

Rating workability land quality, 
characteristic ... •••

Rating the flooding land quality, 
flooding characteristic- ... •

Land utilisation requirements for the land 
quality workability ... ... ... ...

Suitability rating for the various land 
utilisation types  •

The slope characteristic in the flooding 
land quality ... ... ... • •

Suitability rating requirements for the land 
quality presence of flooding and discharge 
stagnation into suitability classes: •••

Final suitability rating for the land quality 
presence of surface stones and rock outcrops

The internal drainage characteristic in the 
flooding land quality ••• ... •••

Plastic index 
» ♦ • • • • • •

Sticky-limit characteristic in workability land 
quality ••• ... ••• ••• ••• •••

Crop requirement for land quality presence, of 
flnnd-ing (and discharge stapnation) ••• • <

Final rating of the land quality presence of. 
flooding ('and discharge stapnation) ••• «

Interpretation of the crop, requirements for. 
the land quality presence of rock out crops 
into suitability classes: ... ... ••• •••



Table
68

161

69
162

70
164

71
164

72
165

16573 Sum rating of erodibility land quality

74
166

75
167

76
168

77
169

78
170

79
171

80
172

81 Education level of Kapini residents. 182

82 186

Summary and final suitability rating for ground­
nuts in all mapping units ... ... ...

Summary and final suitability rating for wheat, 
in all mapping units ... ... ...

Summary and final suitability ratings 
for cotton in all mapping units ...

Erosion susceptability in erodibility land 
quality ... ...  ...

Soil depth characteristic in erodibility land 
quality ... ... ... ... ...

Final suitability rating for the land 
quality workability 

Summary and final suitability ratings for maize 
in all soil mapping units ... ... ...

Final suitability fif. the land quality erodi­
bility for all crops ... ... ...

Summary and final, suitability ratings for tomato 
in all mapping units ... ••• ...

Slope characteristic in erodibility land
quality ... ...  

Awareness of services: provided in the study area

Interpretation for suitability rating 
requirement for the land quality 
workability ... ... ... ...

Summary and -Pinal suitability ratings for 
citrus in all mapping units ... ...



- ±vii

Services that Kapini people desire • • •

84 189Enterprise calender.- o • •

1-92Available labour85 o • •

87
195

88
196

186

Calculation of gross margin for the 
maize enterprise. • •• ••♦

Table
83

Generalised. Sources^ of revenue of. the- people, 
in Kapini. • •• • •• ••• •<



xviii

LIST OF FIGURES

Figure

41. Location map

5Generalised geology map of Kapini area. •••2

93

4
65

5
69

Histrogram showing total labour available6 193

Generalised cross section of the study area, showing 
the location of the pits in relation to geology 
Soil profile (soil mapping unit 33) illustrating 
the major horizon features and differentiation

Soil profile of mapping unit 41, illustrating- the 
major horizon features and differentiation



xix

LIST OF APPENDIX

Appendix 1
214

214Profile 1

219Profile2

224Profile 3co

229Profile 4

234Profile 5

Profile 6 240L3>

245Profile 7

249Profile 8

255>.Profiler 9

256Profile 10

261Profile 11 • •• • ••

266

Soil, map of Kapini areaAppendix HI 269• ••

Soil profile descriptions and analytical 
data ••• ••• • • •• ••• • ••

Appendix. H Socio-economic survey questionaires



INTRODUCTION

Soil information by systematically identifying, grouping and
delineating the different soils according to ^heir genesis and their
physical and chemical characteristics is requi red when interpretations
towards land use potential are to be made* Present and potential
land users (farmers and planners) can then be advised en how to use

Sueaka was chosen for its variability in geology, resulting in
sufficient differentiation in soils*

This study uses the modern methods to classify the soils
(Soil Survey Staff, 1975 and FAO/UNESCO, 1974), evaluate their land
qualities (FAO, 1976) and to explain their genesis as a way of f1_nding
out the adaptability of these methods to a selected area* The result
of the study is a comprehensive land evaluation in which the suit­
ability of a number of important crops under some relevant management

Some social economical factors are considered tasystems is shown*
complete the overall picture of the suitable farming systems*

In the study area an agricultural development project has been
going on for some years, but no soils data or land evaluation studies

This work provides a basis for a. rationalehave been carried out*
development of the area*

will emphasize the importance of studying the genesis of the soils
of Zambia*

It is hoped that this study will promote - 
the use of the EAO framework for land evaluation (1976) in Zambia and

tssa land in the best possible way* In this study an area north of
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The objectives of this study are summarised below:

To map the soils of the area*
(b) To study the genesis of the soils from the different geological

units*
(c) To classify the soils using the U.S. Taxonomy (Soil Survey

Staff, 1975) and the FAO-UNESCO legend (1974).
(e.) To evaluate the current and potential suitability of the soils

for the production of various crops*
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I. BACKGROUND INFORMATION OF THE AREA

1.1 ♦location:

(fig. 1). The boundaries of the study area are defined approxi­
mately by the Wembeshi river in the north and the Chunga river
in the south. In the eastern direction the area is bounded by
the great north road (Lusaka - Kabwe road). The centre of the

,oarea is at the intersection of longitude 2810’E and latitude

Geology:Io2
The major geological units in the area of study are the

The Southern part ofBasement complex and the Katanga system.
the study area is dominated by granites.'

The Basement complex

The Basement complex is mainly composed of quartzites
In the generalized geological map- (fig. 2)and gneisses.

quartzites are indicated as small horizontal bands found in
They appear as low ridges in the landscape.1isolated patches.

The quartzites are
to coarse - grained and massive rocks with no planar or linear

Quartzites form the parent material of soil mappingstructure.
units 70 and 22.

The study area is situated, in lusaka region, between 
longitudes 28°00» and 28°15»E and latitude 15O12* and 15°16»S

mainly pure, totally recrystallised, medium

15°15*S.
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Rock outcrops of gneiss were observed across the

quartz-muscovite-biotite gneiss and some schist with discrete
granitic laminae, which may have foxmed as a result of vari­
ability in degree of metamorphism* Extensive outcrops of
biotite schist were observed in the Mwembeshi- region* This may
indicate that part of the gneiss sequence was originally of
sedimentary origin* Along the Mwembeshi river a probable strike
of garnet-biotite augen gneiss was found* Small lenses of
feldspars were found in association with gneiss* Gneiss is the
parent material in soil mapping units 11 and 12.

Katanga System

The local formations within this system are the ’’Chunga11
and “Cheta” formations* The Cheta formation overlies the Base-

main composition of this formation are flaggy psammites,
quartzites and schist* The commonest rock is quartz-muscovite-
biotite schist which grades into highly psammentic quartz—

The formation is estimated to belong to themuscovite flags*
lower Katanga age (Simpson et al^1963).

The Chunga was separated by Simpson et al. (1963) from the
overlaying Cheta formation on the basis of lithology and

formation is composed of calcareousmetamorphism* The

Mwembeshi river (boundary of study area) and these were

ment complex along the southern margins of the study area*' The
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dolomite and dolomite limestone with schist members*
(Table 1). The limestone appears as rock outcrops in mapping

In liungule (Western part of the study area)units 31 and 33.
banded argillaceous limestones are found. Schist which is the
parent material of soil mapping units 41, 42 is composed of

Garnet is rare while
biotite is subordinate to muscovite*

Sable 1 s Variations of composition of rock belonging to the Cheta
formation at Mungule (Simpson et al.,1963)

Insol*Hogjg type

97.7limestone 0.7 0.7 99.1

7.1 86.9 5.1 99.1

50.0 98.65.6Dolomite 43.0

* insoluble

Geomorphology/Topographys1.3
The area is part of Dixey’s (1945) mid-Tertiary (Miocene)

Peneplain of Central Africa, and Dalal-Clayton and English’s
(1983) level to gently undulating Degradations! Plateau surface
(Unit 2A). The Altitude ranges between 1125 and 1000 meters

The area is generally flat but undulates in...above sea level.
the northern part and rolls in the western and southern part.
of the study area. Plat regions are usually separated by flat

Dolomitic 
limestone

Total 
%

GbCo- t3

biotite, muscovite, garnet and chlorite.

Insol =
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topped quartzitic hills and ridges. The ridges and hills are
generally believed to be remnants of a Cretaceous Peneplain
(Dixey, 1945, and Simpson et al., 1965).

geology. Dolomite/limestones give a typical karrenfeld topo­
graphy, showing rock outcrops in generally flat to undulating

country forming extensive ridges of several meters high
(mapping units 11, 12) while granites underlie -rolling land (mapping
unit 52) • The geological boundaries are usually indicated by
steep downward slopes (Pig. 3).

1.4
The area falls within the Changa - Mwembeshi drainage

The lime­system, •forming a watershed between the two rivers.
stone area is flat and shows no drainage features. Around
Ohikumbi, water appears in shallow depressions or in quarries,
an indication of ground water cavities or systems in limestone.
The mica area also shows no drainage lines .except for the
region in which the schist meets the other geological rocks.
Many streams are initiated as springs along the carbonate

in the gneiss and granitic units a wallschist junctithns.
developed dendritic drainage pattern exists. This pattern
■finally forms broad flat, seasonally waterlogged swampy areas
(locally known as Dambos) which dry out in the dry season*1

The geomorphology of the area is mainly controlled by the

areas (mapping unit 31, 32), whereas quartzites underlie broken
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1*5 Climate:

The climate in the study area, as indicated, by the climat­
ological data from the nearest meteorogical station in Lusaka,
is strongly seasonal (Table 2)• The dry season extends from
May to September while the wet season is from November to March*
The coldest period is in June/July while the ho test season is
during September/October* Prost very rarely occurs* In
general, the climate may be called ’’tropical continental type"
or according to Koppen and Trewartha tropical wet-dry climate
(Cwa) (strahler, 1975)*

According to the percentage probability of of cumulative
monthly rainfall, amounts for Lusaka, the rainfall in the study

Rainfall averages just above
800 mm per year*

1.6 Vegetation:
The vegetation is mainly savannah woodlands* Vegetation

is strongly related to the geology of the area. The vegetation
on limestone ranges from Acacia/Combretum wood! ands to scrub:
grassland of Diplorhynchus and allied types* On the other
geological units Isoberlinia globiflora and Brachystegia wood­
lands are fikund accompanied by Hyparhenia grasslands*

area is very reliable (Table j).

The mean monthly temperature ranges from 15*6 to 24*2°0 
with a mean annual of 19*6°c, Mean WaTimnm and minimum 
temperatures are 26.2 and 14*7°C, respectively (Table 2)*
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10TABLE 3.

PERCENTAGE PROBABILITY OF CUMULATIVE MONTHLY RAINFALL
AMOUNTS FOR LUSAKA, (mm).

PROBABILITY 0 ANNUALN. ' D 0 F M A

447.099 22.6 53.6 30.5 6.6 00 21.3

95 35.3 513.10 57. k 43.2 20.3 078.7

90 0 43.9 77.5 59.7 30.5 0 579.195.2

ao 0 660.456.1 116.4 66.7 47.2108.2 0

70 66.30 137.4 110.5 5.3 718.8135.9 62.9

60 5.1 75.7 154.9 162.6 133.4 78.9 767.18.9

50 8.1 158.585.6 173.2 190.5 96.3 817.912.2

40 11.7 96.5 191.6 221.7 186.2 116.1 863.616.0

30 14.2 108.7 259.1213.9 218.9 139.7 20.6 914.4

20 124.517.8 242.6 307.3 261.6 171.9 26.4 792.8

23.6 148.610 284.5 382.3 330.2 223.5 36.3 1056.6

5 28.2 170.7 322.6 452.1 395.5 271.8 42.4 1125.2

1 41.9 403.9217.2 604.5 534.7 381.0 56.1 1249.7

SOURCE: Climate Data Publication No. 4. Department of Meteorology.
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II. LITERATURE REVIEW

II. 1 Soil Classification:
Soil classification in Zambia dates back as far as the

1930’8 with the beginning of systematic soil surveys carried.
Theout by the Forestry Department of Northern Rhodesia.

soil was classified into broad soil groupings related to
vegetation and land form types, e.g. Chipya and red upland
soils. The result of these surveys was a vegetation-soil
map of Northern Rhodesia (Trapnell et al.,1948) at a scale

A modified form of this classification wasof 1:1,000,000.
also used when a 1:2500000 soil map of Zambia was produced
as part of a co-operative inter Africa project (GRZ,1965).
This classification had major short comings and has now been
abandoned for the more science base;d classification systems.'
Firstly, classification and soil mapping based on such new
concepts as the "Soil catena” developed in East Africa (Ml Ine,
1935) proved much more reliable. Secondly, field work
carried out by the Soil Survey Unit at Mount Makulu Research:
Station (1967-81) has revealed more information about the
soils which can not be reconcilled or accommodated in the

more morpho-genetic approach, has made soil classification

three different classification systems that have been used

old system. And finally, the appearance of the USDA (Soil 
Survey Staff, 1975) and FAO/UNESCO (1974) systems with a

in Zambia to take a new turn. Below is a review of the
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in Zambia. The problems related to their use are also
briefly discussed*

II* 1*1 The Zambia System

The local classification is a direct product of the
improvements upon the soil classification system of the
194O’s (Trapnell et al.,1948)* The nomenclature is also

The group is the highest level of generalisation described
on morphological or genetic basis* Thi s level is hence re­
lated to soil forming factors and processes* In this respect
climate and parent material are important in that order*

The sub-group is a sub-division of the group category.
It is based on broad soil development properties such as
degree of leaching*

The series category is the basic unit of soil classifi­
cation consisting of soils which are essentially alike in all

Soils in a series havemajor profile characteristics*
texture, consistence, chemical and

mineralogical properties* Classification names of the
series belong to places where the soil was described

Soil series may be sub—comprehensively for the first time*
divided into phases using characteristics that effect use

borrowed from the old system. Basically the system is 
taxonomically divided into groups, subgroups and series^

basical l,y the same color,
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and management of the soil, but which do not vary sufficiently
to differentiate the soils into seperate series*

Many of the categories in the Soil Taxonomy can be
lumped up into the subgroup or series level*in the local

The Zambian system of soil classification is asystem*
product of easily observed characteristics in the field,
such as soil color, texture, landform, geology and vegetation,

Soil Classifi—and does not heavily relay on laboratory data*
cation units are described rather than defined and their
central concept is stronger than the realisation of their
boundaries*

The local system is much more easily translated into
the I’JL.O./OHESCO legend (1974), except for the artificial
classes such as the luvisols and Acrisols whose equivalents

The FAO/UNESCO legend is also moreare difficult to find.
easily translated into the local system than the soil Taxonomy,
because the FAO/UNESCO legend gives fixed names whereas the
Soil Taxonomy uses formative elements in naming soils*

FAO/UNESCO lEGBMDtH.1.2

This system is an attempt at developing a universal
Its authors, however, do not regardclassification system*

This implies that the level of generalisationsystem*
it as a classification system, but rather a "mono categorical"
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standards used made it impossible to develop a true
hierarchical system comparable to that of the Soil Taxonomy.
Despite having been called a mono-categorical system, some
workers have come to regard it as a kind of a taxonomies!

1979) in which 26 units are recognised and are sub divided
into 106 sub units using connotative tezms such as: Luvic,

For more detailed mapping purposes theDystric and Eutric.
and 3 slope

classes

The FAO/UHESCO legend is an artificial system, despite
many of the soil grouping being natural, in the sense that
it sets out precise limiting values, as expressed in the

The FAO/UNESCO legenddefinition of diagnostic horizons.
was not specifically made for strict scientific classification
purposes and hence it is regarded as a compromise between a
taxonomic and a technical classification.

The FAO/UNESCO legend uses traditional and popular*, names
in assigning names to the soil units. In cases where tra­
ditional and popular names would be liable to cause confusion
due to varying usage in different classification systems, new
names were coined using formative elements that point to the
properties of the soil in the style of the Soil Taxonomy 
(Soil Survey Staff, 1975) nomenclature^

system provides 12 phases, 3 textural classes,

system (Young, 1976) or a bicategorical scheme (Beinroth et al.,
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Example of nomenclature used:

Traditionally established names
Solonchaks.

Populary used names Ferralsols, AndosoIs

Vertisols, Bankers.

Ni to so Is, AcrisolsCoined names
Luvisols, Yexmosols.

This is a complex and comprehensive system developed
over the past 26 years in the USA by the soil conservation
service of the U.S. department of Agriculture (USDA).
Several approximations were made before the 7th approximation

The Soil
Taxonomy, which can rightly be termed as the 8th appro~x~imation
(since the system is still undergoing a series of substantial

1975 .

As opposed to the EAO/UBESCO legend. Soil Taxonomy is
a multicategorical system. Th-i a means that each of the
several categories of classification in the system is an
aggregation of taxa which are defined at the same level of
abstraction and having a fewer number of classes in the
higher categories and more number of classes in the lower

Podzols, Pendnan,

was published in I960 (Soil Survey Staff I960).

Soil Taxonomy (1975):

revisions, especially on tropical soils), was published in
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categories.
to be found in Zambia), sub-orders, great: groups, sub-groups,

The most
impressing part of the system is its detail and comprehensive­
ness in describing the difference between the taxonomic
levels. The presence or absence of a variety of combina­
tions of diagnostic horizons and soil properties is used to
differentiate orders, sub-orders, and great groups. The
diagnostic criteria used are often related to the pedogenetic
properties that operate in the soil profile under classifi-

At
sub-order level, soil moisture regimes, extreme chemical
properties, and extreme mineralogi c^-l properties are used as

The great groups are differentiated.differentiating criteria.
on the basis of properties that seem to be superimposed on
the features that ire diagnostic to the orders e.g. Pans or
Plinthite. The great groups are sub-divided into sub-groups.'
The typic sub-groups represent the central concept of the
particular great group category while others represent the
intergrades from the typic to other great group categories.'
A third group of sub-groups, represents extra grades that have
additional aberrant properties to those of the central concept
of the great groups.'

Thus the system has orders (most of which are

families and series, in that, decreasing order.

cation, e.g. QxLc, Spodic, lib Hi c or Histic epipedons.
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In differentiating the family and the series taxonomic
levels, the Soil Taxonomy uses criteria that are homogenous
and important to practical uses of soil, especially to plant
growth®

The basis for the identification of the different soil
families is formed by certain properties selected to create
taxa that will provide classes with great homogeneity in
properties especially important to the growth of plants e.g.'
mineralogy and soil temperature® Series are sub-divisions
of families that give greater homogeneity in properties in
the rooting zone in the soil or the so called genetic soil®'
The series is the basic unit of soil mapping.

concepts of pedogenic processes in forming the higher classes,
but when these processes do not fit as diagnostic criteria,
some of their more prominent effects are selected as

The Soil Taxonomy is therefore known to be adifferential.
morphometric system in that properties resulting from soil
genesis are chosen as differential because these have the
maximum number of accessory properties and are operational
or are defined in terms of actual operations*

The nomenclature used in the soil taxonomy is di fferent
from the usual traditional nomenclature. The system coins
its new names largely from greek and la tin roots. The names

Smith (1965) explains that the Soil Taxonomy uses
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of the taxa above the category of series are short and
connotative, that is, capable of mnemonic attachment*

In the chapters that deal with tropical soils, it has
largely been, assumed that the processes that operate in the
soils of the tropics are similar to those that operate in
the temperate soils although at widely differing rates and

in the Soil Taxonomy is made consistent with that of the *
The Soil Taxonomy separates the tropicaltemperate soils.

soils
temperature regimes and degree of continuity of biological

The soils of the humid tropics are distinguishedactivity.
at the order, sub-order, or great group level with few

Soils of the arid tropics are differentiated atexceptions.
the family level because of' seasonal moisture deficiency*1

The soil Taxonomy, although very elaborate, has been
the -object of criticism especially as related to its

gaining popularity and some countries in South America (Costa

Some countries in Africa, like Zambia, usenational system.
it for correlation purposes*

mainly on the basis of degree of weathering, soil

de lemos,197l) and South East Asia? have adopted it as a

nomenclature and precise value limits. Its use however is

intensities* Therefore the classification of tropical soils
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Some problems associated with, the Soil Taxonomy and BAO/11*1*4
U ICO Legend

These two are discussed together because the problems
related to their use in Zambia are almost similar* The
first problem is related to the distinction and differentiation
of the Oxic diagnostic horizon especially where it relates to
the* presence of 2:1 minerals e.g. micas. According to Soil
Taxonomy, the Oxic horizon should virtually have no 2:1 lAyer
minerals. Research and other investigations carried out by

the diagnostic properties outlined in the definition of this

Simi lar observations have been made by several workers around
the world and especially in Africa (Herbillon 1981, Cook 1973,
Sys 1969, Herbillon et al.,1966)* It has especially been
observed that the soils in Rwanda, Burundi and northern Zaire
pose a lot of problems in classifying because of the
difficulties encountered in the differentiation of the Oxic
and Argillic horizons* Jorgensen, and Hj0s (1978) found that
in the Mochipapa series 2:1 and 1:1 minerals occured
simultaneously in abundance in the B horizon despite

Hence, while there was supportingpronounced oxic properties.
evidence for the presence of an Oxic horizon a contradiction
was created by the presence of the 2:1 minerals for the

Ifriofcj

diagnostic horizon in the two classification system (The Soil
Taxonomy and the BAfi/UlESCO) do not exclude each other*

the Soil Survey Unit at Mt* Makulu, Zambia, indicate that
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qualification of the Os±c horizon (according to the Soil.
Taxonomy and FAO/UNESCO legend). In the presence of such
contradictions the PAO/UNESCO legend and the Soil Taxonomy
are not very useful. Suggestions have been made in an
attempt to overcome this problem.

Jorgensen and Nj£s (1978) have suggested a possible
modification in the requirements of the Oxic horizon within
the two systems in order to strike a compromise. In this
suggestion the requirements of an Oxic horizon would not
only "exclusively” include 1:1 layer minerals but would also
include weathering resistant 2:1 layer minerals whose pre­
sence would still not exclude an advanced stage of weathering
associated with 1:1 minerals. A division is made related to
the stability of the di - and trioctahedral 2:1 minerals.
Dioctahedral 2:1 minerals are more resistant to weathering
than the trioctahedral 2:1 minerals. Dioctahedral 2:1
mi neral« are more resistant to weathering than the triocta—
hedral 2:1 minerals. As an example the quartz-muscovite
schist is found to be more resist ant to weathering than gneiss
as in gneiss biotite and feldspars provide two easily weather-

Consequently 2:1 mica dioctahedral mi neral e haveable minerals.
to be considered as similar in diagnostic properties as the
1:1 clays with regard to their indicating the degree of
weathering if there is to be no ambiquity in the use of the
two systems.



It has also been suggested that the taxonomical problems
related to the presence of muscovite in weathered soils could
be solved by shifting the sand muscovite content requirement
of 3% to 6%. Sys (1969) does not think this could solve the
problem even if the muscovite content in the sand was shifted
to 10%. Herbillon (1981) suggested that muscovite should be
taken as a weatherable mineral when present in the fine sand
fraction and hence the amounts allowed in an Oxisol profile
must be greatly restricted. He further suggested that
muscovite should be allowed to be present in the clay fraction

as long as it does not influence the negative charge (the CEO

detemri nation) •

,T* serstevens et al.,(1978) and Huang and Kozak (1970)
have both reported that the presence of 2:1 layered minerals
such as muscovite do not exceed the requirement of an Oxic
horizon since the abundance of iron and aluminium in the
tropical soils renders most of 2:1 minerals especially the
muscovite in the fine sand fraction, inactive by covering
their surfaces.

The Soil Taxonomy suffers great imperfection in as far
as the occurrence of mixed and interlayered nH nerals in

This imperfection is especially evidentZambia is concerned.

in any amount (on assumption that it is no more weatherable),

must remain at lower than 10 me/100 g clay in 1N HH.C14
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in the mineralogical classes at the -family level* The
problem is that the Soil Taxonomy does not specify the
place of the less dominant minerals. Neither does it give
the percentage of the dominant minerals, because when
mineralogical classes are based on percentage results can be

whatever purpose a particular classification system may have

swelling clays (in as far as they influence and. effect cation
exchange capacity (CEC), available water holding capacity

high priority.

95% of the non-expanding clays such as kaolinite in as far
as retention of plant nutrients and plant growth is concerned*
Clay mineralogical work carried out in the Kaleya region in
Southern Province of Zambia (Jorgensen, 1983) in lower laying
relatively imperfectly drained areas has greatly highlighted.

It was found that the soils werethis problem in Zambia.
inter-layered mixtures of illite/kaolinite and smectites/

Although Kaolinite was always the dominant claykaolinite.
mineral the substantial amount of other 2:1 clay minorals
gave great problems in interpretation for soil genesis and
soil classification.'

expanding clays in a soil may be more important than 80% or

(genetic, applied, etc) the importance of expanding or

(AWC) and soil acidity (pH)) must be stressed and be given.
This is because a 10% or even a 5% of

ambiguously interpretated for use. However, it is felt that
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Apparently the soil taxonomy is not the only classifi­
cation system, to have: this weakness* The UEAC soil classi-

specifying, at least in the key, the nature or percentage of
the associated minerals*

The cutans which are a major diagnostic criterion for
the distinction of an Argillic horizon have been very contro­
versial as they cannot be readily identified in the field*'
In the absence of thin section and the nature of the coarser
texture surface horizon, cutans can not be identified with
confidence* Sombreek and Siderius (1976), discussing the
cutan determination in the identification of Bitosols,
correctly observed that the clay skins or cutans are often

the object of endless discussions for participants in a
correlation field tour*

been encountered with the Mollie A horizon* The importance
of its organic carbon value criterion is questioned because
it can easily be depleted or increased* Observations carried
out in both Zambia and Malawi (Chea tie, 1978, 1980) show that
Mollie A horizons with 1 • 83% organic carbon got their
a-rgRTTi r» carbon depleted to 0*26% on average after cultivation
for a period of 14-20 years* The significance of this change

fication system (Sys et al.,1961) also defined kaolisals as 
those soils with at least 50% 1:1 clay minerals without

Among the diagnostic horizons, problems have mainly
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If the soil
had been classified as luvic Phaeozems, the change in organ-j c
carbon % would result in a reclassification as Eutric Nitosol*
Ochtman and Deb el e (1976) observed, that some soils have been
wrongly classified in the EAO/UNESCO soil map of the world
(1974) due to the phenomenon where, in the highlands, organic

this depreciation of organic matter, the soils have to be
reclassified as Eutric Eltosols, while low laying organic
recipient Eutric Hi to sols, have to be reclassified as luvic
Shaeozems. The use of such value criterion, that are bound
to easily change is not in line with the soil classification
philosophy which aims at using parameters that are nearly
permanent or are not easily changed*

Although the Soil Taxonomy is very comprehensive and
detailed, its detail on the tropical soils has been questioned
by some workers (Young 1976, Jorgensen and Hj0s,1978)*
Despite much work having been done in Hawaii, and South America,
some of the characteristics of the tropical soils remain

The Mochipapa series, theunaccounted for in the system*
Kalomo series and the Nkolemfumu series are some of the soils
in Zambia with characteristics that have been difficult to

An attempt- to classifyfit into the Soil Taxonomy system.
the Mochipapa series for example leads to- intergrade between.
Oxisols and Entisols at the order level, Haplustox and

in the PAO/UKESCO legend for example is enormous*

matter is depleted from the luvic Phaeozems by erosion* After
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Quartzipsamments at the great group level. According to the
Soil Taxonomy, classification at the sub-group level solves
the intergrade question since this level shows the si gn-i —

cant differences from ary central concept in the hi ghe-y
taxonomical levels. It shows properties transitional to the
higher classes, however, before classification is made at this
level, a decision has to be made as to which of the twn>
orders the soil belongs to, in terms of the development of its

This decision is difficult to make when the soilproperties.
is a typic intergrade between the two orders. The point,
however, is whether such arbitrary decisions should continue
to be taken or whether new classes should be developed to
take care of such new experiences. A suggestion, to have;
classes or rather new great groups, to take care of intea>-
grades that are notoriously difficult to classify, has been
made (Jorgensen and Hjtfs, 1978).: This would include for example
the introduction of great groups, in which clay content as
low as 15% could be accepted in the oxic horizon, such as
"Psammustox” and "Arenustox*’ • the International
Committee on classification of Oxi so Is (iCOMOX) in a circular
letter Ho. 10 dAted January 11, 1983 (Buo1,1983), has
recognised this short coming and has recommended that the
clay % requirements of oxisols be reduced to 8% from the 15%
which had earlier on been accepted.

In the FAO/UNESCO legend, soil intergrades are not an

In fact,



28

exception. In fact intergrades are much more common due to
the fact that the system is formed by a generalisation of
many similar classes coming from many parts of the worldj
Por example the luvisol soil unit is formed up by 29 local
and regional soil groupings that have been merged.

The tezm "UDIC" in the Soil Taxonomy has been used with
two slightly different connotations. This situation breeds
ambiguity in view of the specific meaning given to other
parameters, especially the moisture regime parameters. The
tezm "Udic" is used both as a specific moisture regime
diagnostic value as well as a sub-group name related to
leaching i.e. more leached than the typic sub-group. During

soils with a similar moisture regime (say Vatic), belonging
to tvro different orders may be classified into udic and ustic
sub-groups due to textural differences or different mineral

such as Udic Paleustolls are not a moisture regime sub-groups,
as it would seem, but are related to deeper washing of carbon­
ates within the profile. In Zambia such examples occur in the
west era part of the country where Bremmer, (1973) classified.
many profiles as Ustic Quartzipsamment or Udic Ustochrepts
primarily due to textural differences related to washi ng out
of mineral material. Most soil scientists in the country
wonder whether it would not have been appropriate to provide
a tezm specifically implying '•Leached'’ or "Washed out",

classification, therefore, a situation can occur in which

contents related to washing out of mineral material. Soils
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rather than use Udic which has a specific mea.ni ng related to
moisture regime*

The excessive reliance on nhai ns of data material,
especially laboratory data, required in the Soil Taxonomy
has made the system unpopular in a country where the labora­
tories are ill equiped. The inavailability of soil moisture
regime and temperature regime data (Brammer, 1973) has led
to difficulties in the use of the Soil Taxonomy. To date
due to doubts as to the real temperature regimes in the soils,
workers have avoided using the ’’tropic” great group in soil
classification. The inavailability of temperature regime
data in some cases has led to the use of meteorological
figures as surrogates for profile attributes especially
between the uplands and val 1 eys in the country*

Soil Genesis:U.2

Soil genesis is defined here as the study which deals
with factors and processes of soil formation. Pedogenesis is
the term used for soil genesis when it is combined with soil

The factors of soil formation includeclassification studies.
the traditional external factors of soil formation that were

The precesses of soil
1 internal chemical and physical soilformation include

first outlined by Dokuchaev in 1883 (Suol et al.,1973) and 
later worked out by Jenny (1941)*
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building and transform ng processes (also known as pedogenic
processes) such, as Illuviation and Podzolization. Also
included are weathering processes that are active and are
acting on the rock, rock fragments, soft rock and the soil,
especially the sand fraction. The weathering processes can
be either geochemical or pedochemical although the two pro­
cesses may occur simultaneously (Birkeland, 1974).

Soil genesis studies in Zambia were initiated in the
1940’s by Trapnell et al.(1948). These were hasic»1ly
pedogenetic studies since they were combined with soil classi­
fication studies. In these studies no attention was paid to
soil genesis as it is known today. Soil forming factors such
as topography-geomorphology, geology and climate were related
to different soils in a very generalised way and no attempt
was made to study the internal soil forming process. Webster
(1960, 1965) attempted to systematise soil genesis studies
in the country by using the soil catena concept (Milne^igSS)'.
He basically studied the effect of topography on soil for­
mation in relation to physical, chemical and mineralogical
composition of the soils. He found a relationship between
soil composition and topography. His findings agreed with
earlier soil survey work conducted in the country by
Ballantyne (1956). 15ore systematic soil genesis studies
were conducted on major soil units of Zambia by Brammer (1973)*
These studies were very comprehensive, in that the soil
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fornring factors and. processes were studied In detail.

in the past the importance of climate in soil formation
has been over emphasised (Brammer, 1973? Hagai,1981; Clayton,
1980).'

The 1000 mm rainfall isohyet is supposed to form a
boundary between the highly leached soil and the less leached.
soilso Kalima (1983) has, however, shown that less leached.
soils e.g. the Chlbesakunda and Mulanga series, extensively
occur above the 1000 mm isohyet* Although rainfall is an
important soil forming factor, soil differences within the
high rainfall area are not primarily due to rainfall* Parent
material and length of weathering are equally responsible for
the differences between the major soil regions* This state­
ment which may be applied to Zambia as a whole agrees with

concept of climatic zonality of soils does not work in Africa
because climatic effects are masked by or are subsidiary ta
those of geomorphology and age, and that climate itself is

Trapnell (1943) alsooften dependant on geomorphology*
strongly disputes that climate is the most important soil

On the basis of his extensive workforming factor in Zambia.
covering nearly the whole country he contends that soil
differences in Zambia are more hasi cal ly a result of topography

the flndings of Webster (i960)* Webster contends that the

as the most important soil forming factor followed by geology,
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age and. climate in that order of importance. He points out
that under African conditions differences in age of land
surface are liable to cut across the broad zonal arrangements
of climatic soil types as commonly perceived. Moreover climate
has been shown to be greatly dependant on topography (Mi 1 ne.
1935).

In conclusion, it is the author’s view that the
importance of cli mate as a soil -Pn-rming factor has been.
exagerated to some extent and that the arbitrary division of
the soils of Zambia at 1000 mm isohyet into leached and less
leached climatic soil types is too generalised and is not

The emphasis laid on climate as the most impcartantjustified*
soil forming factor in Zambia indicates a tendency to adopt
the North America and Eurasian theories of soil, formation.
Whereas in North America and Eurasia cLi mate is taken as the
most important soil forming factor, other soil forming factors
may be more important in Africa. Though environmental condi­
tions such as highly varied rainfall, do produce different
soil characteristics, rainfall decreases gradually in Zambia
from the north to the south and therefore a clear boundary
or highly varied rainfall conditions (rainfall change) is

It is stressed here that factors likedifficult to define.
age, geology and topography, in relation to soil formation,
should be studied in more detail*'
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SV ALU ATI ON.

which the potential of land for one
In more general terms land evaluation isuses is estimated.

the act of judging or expressing the worth or value of a track
FhO (1976) defined lend evaluation

act which concerns the assessment of land performance when
used for specified purposes and involves the execution and
interpretation of basic surveys of climate* soils vegetation

and other aspects of land in terms of the requirements of alter­
native forms of land use* taking into consideration the economics
of the proposed enterprises* the social consequences* beneficial
or adverse for the environment. Lend evaluation therefore is
component concept of resources evaluation of which land use is

(1975) has defined landthe ultimate goal. Vink

of permanent or cyclic human intervention to satisfy human needs
from the complex of natural and artificial resources.

The most important factors in land evaluation are land
utilisation types* land qualities and social-economic factors.
The interaction of the above three factors of land evaluation is
extremely important. A clear understanding of the individual
factors and their interelationships* is necessary for accurate
land evaluation.

a process in

of land for a certain use.

use or other alternative

as an

use as any kind

Young (1976) has defined land evaluation as
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Concepts of land evaluation:

The act of land evaluation is not of recent origin
although the concept ’’land evaluation” has itself gained much
popularity and usage with the appearance of the FAO frame
work for land evaluation (1976). The main reason why the
FAO system was produced was to reach some form of inter­
national standardization and to cut down on the several land
evaluation concepts that were coming up, and which in many
cases had diverse meanings• This had made the understanding
of the basic scientific land evaluation principles vague,
resulting in several basic contradictions*.

Soil versus land:
Soil is one of the most basic natural resources which

has been very much confused or likened to the concept of land*
In land evaluation literature one will come across land eval­
uation systems called ’’soil capability classification (e.g.,
that of Canada, cited in Jeenenbos, 1975), and land capability
classification (e.g., that of USA, Klingebiel and Montgomery,
1961 )• These systems are similar although they have different

Basically, here, it is the concepts of soil and landnames.
that are not used consistently*

Although authoritative systems such as the Soil Taxonomy
(soil survey staff, 1975) decline to give a precise meaning to-

the FAO system has given the followingthe term soil
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definition; "A soil is a three-dimensional body occupying

interaction between climate, living organisms (including
human activity), parent material and relief over periods of
time and which is distinguished from other soils in terms of
differences in internal characteristics and/or in terms of
gradient, slope - complexity, micro-topography, stoniness and
rockiness of its surface”, (FAO, 1974) • In defining the concept
of land the FAO frame work for land evaluation has adopted
the concept of land defined by Christian and Stewart (1968)*'
Although some soil scientists consider the definition as not
entirely comprehensive (Veenenbos;1975), Christian and

characteristics embrace:
(a) ail reasonable stable - or predictable

cyclic — attributes of the biosphere vertically
above or below this area, including those of the
atmosphere,

(b) the soil and the underlaying geology, the
topography, the hydrology,

(c) the plant and animal populations as well as

the uppermost part of the earth’s crust and having properties 
differing from the underlying rock material as a result of

Stewart, and the FAO define land as: ”A tract of land defined 
geographically as a specific area of the earth’s surface; its
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(d) the results of past and present human activities
to the extent that these attributes exert a signi­
ficant influence on present and future uses of
the land by man-

From the above, one will notice that the de-Hnit-inn of
land includes precisely all factors of soil formation, hence
one can not fail to see why these two concepts have been used
indiscriminately in land evaluation. The definition of land
as given above presents itself as a landscape unit of a higher
generalization having special physiographic or geomorphological
features and boundary. The soil survey specialist recognises
similar terrain units which, depending on the scale of study,
are shown on the soil map. Soil is one of the several land
resources that form up the concept of land and which must be

capitalvegetation, hydrology, topography, human resources,
and other economic resources in land evaluation studies*'

Capability versus suitability:

In land evaluation studies one will often come across
land capability and land suitability systems |as in the U.K.,

In the U.S JJJL.often led to some confusion as to its meaning.
land capability system (KLingebiel and Montgomery, 1961),

evaluated together with the other land resources e.g. climate,

U.S .A. and Iran respectively). The use of these terms has
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capability denotes the capacity of a tract of land to produce
In the land suitability system (Soil Institute of Iran,goods.

1970), suitability denotes the suitability of a tract of land
for a defined use. The Zambian land use system (l.U.S. system,
1977) incorporates both land capability and suitability. The
system defines land capability as the provision of an assess­
ment of the overal suitability of the safe long term use of
land for agricultural practices appropriate for the cl-imats
(and economic conditions of the area). Suitability is used
in the so-called crop suitability classification whi ch is
said to provide an assessment of the suitability of a soil
or piece of land for the cultivation of specified crops
regardless of economic conditions (unless these are speai final ly
included in the evaluation). A simple survey and analysis
of the use of the words capability and suitability shows that
both point or indicate the quality of land for uses that are
inherent to the system of sustained agriculture that prevails

Sustained agriculture means ain the area of investigation.
system of land use, crops commonly grown, and management
practices applied over lengths of times that have therefore
■proved within the economic and socio-economic situation
that is characteristic for the region to be paying. It was

that the standardized system ofunder such staggering facts
I’JL.O. (1976) found the words to be interchangeable and decided
to drop the tezm land capability, which has a long association
with the USDA system, for the term land suitability. As this
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work follows the F.A.O. system no mention of land capability
will be made in the discussion of land evaluation results in
the study area*

Appraisal versus classification;

Other concepts used to indicate the evaluation of land
for certain purposes are land appraisal and land classification*
In comparison to the term capability and suitability, land

It indicates allappraisal is a more general expression*
in all termsmethods of land evaluation or classification

(whether in financial
land classification is a concept of land appraisal

land classification can simplyand hence land evaluation*
be defined as an arrangement of land evaluation results in
classes for practical application purposes that are most

At the highest level of land appraisal, depending onuseful.
the land evaluation system used, land classification is of a
very practical significance because no exact data but mainly
estimations are available for the factors determining the
suitability of the land for the uses under consideration*
Thi a is the case in land system studies as has been applied, by

either been confused as synonymous to land evaluation (as in
L.U.S., 1977) or land evaluation has been confused as a branch
of land classification (as in Mikonga,1982) • land dass~i.fi—

cation is not an arbitrary and purposeless exercise and can.

discussion,
or yield terms). From the above

Christian and Stewart; (1953, 1968). Land classification has
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it be equated to land evaluation since it is an inai fla job in
land evaluation and serves the purpose of land evaluation.

Approaches to land Evaluations

A broad survey of different land evaluation approaches
show certain activities that are conronn to ^11 - These
activities are:

consultations related to the objectives and

constraints^

(b) resource surveys and

(c) the evaluation

The details of these activities vary greatly and the
sequence and combinations in which they are carried out
depends on circumstances such as survey intensity (detailed,
semi-detailed or reconnaissance)•

The criteria for judging the value of a tract of land
for a certain use however differs with methods used in
different evaluation approaches. An exact approach would
seem to be a comparison of inputs and outputs especially in
terms of money where inputs would include the cost of the
following elements of production:
management, harvesting, traction (farm power, animals, or

seeds, fertilizers,

not therefore be divorced from land evaluation, neither aan
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tractors), output would, include revenue from produce. This rather-
too elaborate procedure would prove impracticable even for- detailed.
studies in areas where sustained agriculture prevail a. In areas wheret
agriculture does not yet exist the procedure would prove impossible

criteria by which they can adequately express the value of land. The
most popular criteria has been the limitations approach which was first
developed in the U.S .A. and is still in use there (Klingebiel and:
Montgomery,1961)• In this approach optimum use of arable land is the
starting point and the value of land is estimated by certain^ limitations
that decrease the optimum use of this land'i The value of a tramt of
land decreases with increased number’ of limitations.. As the value decreasesT

crop production is ruled out and the land is ultimately reconmended for
Criticism of the limitations approach as used by USDAgrasslands.

centres on the fact that the system is basically for general appraisal.
It does not define the crops needed in terms of land utilisation as
used by Seek 0975) and EAO. (1976). Secondly the criteria for down­
grading a piece of land are not well defined in the sense that they
are not qualified. The quantification should show and verify the impact
of the criteria on the growing conditions of particular crops, lastly,
socio-economic factors are not considered,. The socio economic factors
from a very important land use resources, factor, Attempts to improve
upon the limitations approach above the level attained by the USDA, have

been done by the land-use capability classification of the UX, (Bibby 
and Mackney, 1969) •

altogether, Instead, most of the land evaluation approaches use
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The United Kingdom system basically follows the
principles of the U.S.D.A. system, but is adopted to local.
conditions* The U.K. system makes a alight diviation from
the U.S.D.A. system by ..putting weight on a few land
characteristics that have a greater diagnostic value for

For example the criteria "possibility of use of machines”
gets a greater limitation "weight” as the slope gets steeper.
This weighting is done for all, criteria used and each criteria
is rated. The final evaluation is a combination of ratings of
the different criteria on the basis of the maximum possible
class principle.

The Iranian system is also an improvement upon the
limitations approach of the U.S.D.A. It incorporates many
soil and land characteristics which are then taken into
account as criteria for land evaluation. The same procedure

done for the iirigafiility land classification. The ratingis
of a qualitative nature* Each rating is weighted accordingis
the importance that the characteristic has on a defined.to

land utilisation* As in the U.K. system, the final land

Unlike the U.S.D.A. system where the starting point is optimum
usage, the standard land classification system of Iran is

specified kinds of land use intensities*

evaluation is based on the maximum land class principle*
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based on the existing soil and land condition while the
irrigability land classification is based on uncorrectable
limitations.

The United States bureau of reclamation (U.S.B.R.) has
also developed an irritability land classification system.'
This is a land evaluation system in which an inventory of
soil resources is not important. The system is not an
evaluation: of land for its suitability to crops but for the
suitability of the land for irrigated agriculture. In this
system’of land evaluation, economic factors play an important
role. Since the purpose of this work is mainly crop production
for rainfed agriculture the U.S.B.H. system will not be
discussed.

As can be seen from the above, the limitations approach
is rather a negative approach to land evaluation in that the
evaluation of land for a certain purpose starts from an ideal.
situation of land condition and limitations are then taken into
account to down grade the land. A more positive approach
would be to evaluate separately all the major parametres as
expressed by the concept of land use resources and give them
a value or rating with respect to the degree of their influence

In this way plant requirements can findon land use.
hence a.

parametric approach.
expression in a combination of these parameters t
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The parametric approach to land evaluation alms at
expressing the suitability of land, for certain purposes- in
quantitative terms as opposed to the other approaches which:
use a qualitative approach in land evaluation as has been

how good or bad, or how large, medium or small, soil and
other land attributes influence a particular land utilization*'
A survey of the parametric methods shows that they are based
on a set of common factors*

They all recognise the various attributes that determine
the suitability of a piece of land as independent mathematical

numerical value on a non-linear scale of 0-10 or 0-100* Using
mathematical formulas, the final rating of the value of a

The mathematical formulas may betract of land is found.
additive, subtractive, multiplicative or a more combination of

The least or lowest favour-the above mentioned alternatives*
able factor will always dominate the final suitability class*

The parametric approach was first comprehensively
introduced by Stories (1935) in his publication "An Index for

An earlierrating the agricultural value of soils”*
precaussor and probably the first to develop the principle
was Fackler in German in 1928 . (quoted by Veenenbos, .1975)*
Refinements on the system was further carried out by Riquier

factors* All the attributes are "weighted” or are given a

reviewed above* The principle of the system is to quantify
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et al. (1970). The system differs from that of Stories in
that it mainly considers intrinsic factors (mainly soil)
whereas the Stories system considered both intrinsic and
extrinsic factors.

The advantages of the parametric method over the
qualitative methods of land evaluation have been summarized
as followss

(a) each factor is given appropriate weight

(b) the least dominant factor dp-hannines the

final, suitability class or productivity

index

constant factors are disregarded

(d) interacting factors can be expressed.

The major disadvantages of this system are, however, that
all interactions are normally not known and that the weight
of different parameters is numerically fixed.

The parametria method is particularly very useful when
used within the Fuk.O. frame-work. This study will take
advantage of this to use the parametric method. To some
extent, many land evaluation specialists believe that with
the introduction of computers the parametric method will gain
importance and be the major system for land evaluation in the
near future (Verheye,1982a, 1982b).
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The Zambian and, the FAO land Evaluation System:

Two land evaluation systems will be discussed as these
are important to this study. These are the Zambian system

The Zambian land evaluation system:

This system uses a limitations approach to land evaluation
reminiscent of the American System as developed by the then
conservation and extension (Conex) section of the department
of agriculture (1963)•

The system differs from that of the USDA in that it was
tailored to evaluate the suitability of land for rainfed,
medium and large scale commercial farming for maize and

Soya beans, sunflower and groundnuts weretobacco mainly.
The system thus identifies thetaken as minor cash crops.

level of management as well as the crops to be grown, or it
identifies the land utilization types as known in the modern
systems (i.e. FAO, 1976). Below is the structure of the
system (Table 6) •’

which is used in the country of study and the FAO system 
which is the basis of land evaluation in this study^
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Table 4t A diagramatic representation of the land capability
classification procedure of Zambia:

OHDER SUB GLASS UNIT

S2jntS2sS

S2m S2me
C1

C S2t S2mw

no subclass no unitUw
no

The order ’C* and ’S1 basically indicate whether the top
Class CI and SI indicate goodsoil is clayey or sandy.

Sub classes C2s or C2s with one suffix letter
indicate moderately good arable land. Sub classes C3s or
SJs indicate poor arable land capability (See table 5).

The land capability classes outlined above are then
matched with the agronomic requirement of crops to find the
suitability of a particular crop on a particular piece of

The crop requirements are outlined in a separateland.
document entitled ’’crop suitability”, technical guide No. 7
(Brammer ,1973b) • Crop suitability is indicated by a rating
in fozm of a number ranging from 1-4. The number indicates

Unsuitable 
land

CATEGORY
CLASS

arable land,

Good arable 
land S1
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Table’ 5: Land classification legend for Zambia

Arable land Map colour

C1 S1

02 S2

Marginal arable land

sr03 below)

S4t S4t... Very light yellow

Gw... Blue-greenGw

G ... Light greenG below)

BlueeUw •Gw

II’ ... PurpleG

S4t, Gw)Limitations applied (Except to 01, S1,

d ... depth to 1imiting layer?

• gravelly or stony subsoil-zg •
m
r
s

Dept, of Agriculture, Zambia (1977)'.Source:

deep sand) 
w ... wetnesss

Good arable land 
(No limitations)

(a
(f-

x Poor arable land 
(Limitations as

01 ... Dark red-
31 • ••. Light red!

Unsuitable land
Permanently wet land
(limitation ... W only)

Grazing land
Winter grazing land 
(limitations...^ or W and 
as below)
Summer grazing land 
(limitations as below)

Very poor arable land 
(Limitation ...t only)

• • ♦ alkali or salt) 
.... fertility)

03 ... Dark yellow
S3 ... Light yellow

e ... erosion
... gravelly or stony topsoil 

layer termite mounds
... rocks or irregular relief
... slope

02 ... Dark brown
S2 ... Light brown

t. ... texture (heavy clay or

Other unsuitable land 
(limitations as below)

Moderately good arable land 
(limitations as below)
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suitability of the land capability class for a particular'

1 is the most suited and 4 is the least suited*crop.

The land classification legend showing the range .of
classes in the system is given in table; 6.

The disadvantages of the system (IBS) far outweigh'. ■ the

advantages*

(a) The criteria for land capability classification .
still remains related to the production of maize
and tobacco at commercial management level as was:
the case in the conex system (Dept, of Agric., 1963).

(b) The land rating and land utilization ratings are
not expressed in the same values therefore they
can’t be matched confidently.

(b) The land capability rating do not express the inter­
action of many .land characteristic as the class is
determined by the most limiting characteristic.

(d) All the disadvantages of the linn tat io ns approach
are inherent in this system due to its U.S.D*A.
relations*

The PAO Land Evaluation System (1976)
This system is used in this thesis for the evaluation of

fully discussed in the chapter on land evaluation methods.
the land in the study area. The system and its use are
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m. MATERIALS AND METHODS

III.1 Soil Survey Methods;

Soil survey was done at semi deta-j 1 pH level. Aerial
photographs (scale 1:30,000, 1971) were interpreted resulting
into broad groupings of land based on physiography. From the
geology map (scale 1:250,000, Simpson et a~L, 1963) five
different forms of parent material were identified. The .
topographic map helped in identifying the drainage pattern of
the area, showing relief and the river systems.

The semi-detailed scale was choosen because of its suit­
ability for surveying large tracts of land as only enough
detail was needed to make a meaningful land evaluation
exercise indicating crop suitabilities.

The pre-field preparations were in the form of collection
of data related to the survey area.. Aerial photos in the scale
1:30,000 were collected. Geological maps, topographical maps,
vegetation maps, hydrological information, climatological
information and other statistical information related to the

The topographic map
(scale 1:50,000) was used together with the aerial photos as
field base maps.

area (land and crops) were collected.
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Aerial Photo Interpretation (AJ,I,)

The area was first of all divided on the basis of
physiography using the following elements (a) yl aj na

The highly dissected area is
granite and gneiss parent material. The plain area had
mainly schist and limestone parent material and the rolling
area was haa-t cal ly composed of limestone and quartzitic rock

The vegetation composition and type, as observed from.ridges.
aerial photos, corresponded to the units delineated according

Using aar-i aj, photo interpretation,to physiography and geology.
After havingdifferent drainage patterns were delineated.

delineated the land on the basis of topography, geology,
vegetation and drainage and having found their relationships,
photo, interpretation was made to identify possible wet soils,
deep soils and sha.1 low soils using the following elements
which proved to be highly indicative of soil conditions in
the area during a short pre.1 i minary visit»

aerial photo tone1.
aerial photo texture2.

3< density of footpaths
vegetation concentrations and types4.
extent of cultivation5.

mainly associated with

(b) highly dissected areas (c) rolling to hilly areas.
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The results of this effort was a phyai ngraphi cal, aerial

photo map.

Field work

The basic survey was a free survey at —detaj led
level. In this survey, specific locations of observation

distinguished in the '-interpretation effort
described in the proceeding section. The sites were chosen
in such a manner that observation of soil information and
sampling could be done for (a) the confirmation of the
composition of the mapping units, so called descriptive
observation, and (b) for the purpose of locating soil
boundaries, so called boundary bbservation. The basic problem
that is usually encountered in a free survey which involves
specific location sites is the exact location of the sites in

Field navigation and photothe field and on the field map.
interpretation with aerial photographs at a scale of 1:30,000
overcome this problem, although a further enlargement of the
aerial photographs to a scale 1:20,000 would have been more
appropriately suited.

A grid system was not used for the following reasons:

(a) The topographic, geological, vegetation and drainage
patterns were so obvious that their relationship to
soil units was very apparent, hence many traverses

sites were chosen in specified mapping units as were
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through the land, were not necessary.

(b) The use of aerial photographs for field navigation and
location of soil description sites made the grid system
less suitable for survey at semi-detail.

(c) Time and available funds outruled the use of a grid •
system since a full time field team would have been
required to systematically carry out a grid survey.

(d) The purpose of survey did not need the accuracy which.
The purpose of the survey, asthe grid system entails.

mentioned in the objectives, was to make this survey a
part of the systematic surveys being carried out in the
country, which are aimed at identifying arable land and
giving an indication of the possible well suited crops.'
These surveys will form a basis for detailed studies in
soils and land evaluation later.

(e) Grid surveys are more appropriate at detailed level
unless terrain features and location by use of aerial
photographs is useless.
Random observations were not used as these would not
ensure appropriate density of observation per mapping
unit as identified in the preliminary photo interpretation.
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All observations and descriptions of the soils in the
field were done according to F .A.0 ./UNESCO (1977) guidelines
for soil profile description.
related and important to soil classification according to the
Soil Taxonomy (Soil Survey Staff, 1975) and land evaluation

collected where-ever possible. Soil sampling for laboratory
analysis was done according to soil conservation service (1972)*'

Soil mapping:

(1951 )• Using A.P.I. technics, the land was delineated in
what may be termed land units. These land units consist of
similar geology, topography, vegetation and drainage.
Depending on the above distinction the land units were related.

Further A.P.I. was done using appropriateto different soils.
elements, found to be related to soil characteristics, in.the
area during a reconnaissance visit, to delineated the different
soil units, (as related to the land units) into soil sub units,
in -h e rm a of depth, topographic position, wetness and non
arable land.
soils A.P.I. map was produced at the scale of 1:30,000.

Field work was then carried out to supplement and supply
soil data on the units delineated in the preliminary map, as
well, as to verify the homogenity of the a ep ar ate units and to

Soil mapping was done according to the soil survey manual

according to the land evaluation frame-work (FAO 1976) were

On the basis of these distinctions, a pre! 1 wri.na.ry

In addition, all information



- 54

determine the differences between the mappi ng imj ts in the

Finally, soil distinction by A.P.I. combined with field
work, led to the production of a final physical soil map in
the scale 1:30,000. This map differs from the usual
physiographic soil maps in that the maping units are not only of
a physiographic nature since physiography was just one of the
several physical characteristics used in the production of
the preliminary map*

The production of real soil map almost independent of
physical environmental characteristics could hardly be done
at this semi-detailed scale, as this would have required an
immense input of time, labour and money.

Through out the soil mapping process it was assumed that;
physical environmental characteristics identified in each land

Such a simplification may haveunit were related to soil.
overestimated the relationship between the two and it may also
have under estimated the variability of soils within one sub­

soil map and the soil mapping units on the final map are at
beet soil associations or soil complexes*

mapping unit. Hence the final map may not be called a ’pure*

preliminary map.
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m<2 Laboratory Methods:

Preparation of samples:

The soils were air dried and ground to reduce aggregates
and then sieved through a 2 mm sieve to obtain the fine earths
fraction (materials less than 2 mm) for laboratory analysis.

Particle - size analyses:
After grinding and dispersion with Sodium hexametaphosphate

and Sodium carbonate, clay was dAtp-nrrinad by the hydrometer

Bulk density :

expressed in g/cnr (Blake, 1965).

Soil reaction (pH):

Organic Carbon:

Organ-i r carbon percentage was determined by the Walkeley 
Black method (Allison, 1965), the results being multiplied by 
1.3 to arrive at a total carbon figure (assuming 77% efficiency).

method (Day, 1965), sand classes were determined by dry sieving, 
and USDA silt was calculated as 100 — (clay + sand).

also determined in H^O using a soil-solution ratio of 1:5.

The core sample method was used and the results were 
.3 f-n-i

pH was determined by glass electrode in 0.01M CaClg using 
a soil to salt-solution ratio of 1:5 on volume basis, pH was
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In order to convert organic carbon figures to organ-f o matter

percentage, the carbon figures should be multiplied by 1.72.

Exchangeable bases:

These were determined on the arnmon-i ™ acetate extract; at

by atomic absorption while potassium and sodium were measured.
on a flame photometer*

This was determined by leaching out the excess ammonium
acetate with alcohol and final leaching with a sodium chloride
solution to replace absorbed ammonia* Then subsequent
distillation using a boric acid indicator solution and
titration with hydrochloric acid*

Base Saturation:

Available phosphorus:

This was determined by Bray’s Nd. 1 method using an ammonium

Cation exchange capacity (CEC);

fluoride, hydrochloric acid solution as an extractant and 
measured in a spectrophotometer (Bray and Kurtz, 1965)*

This was calculated as (Ca + Mg + K + Na) x 100 
CEC;

pH 7.0. Exchangeable calcium and magnesium were determined
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CEC/100g clay;

This was calculated as

Porosity:

This was calculated as the percentage of the hnlle 'volume

not occupied by solids according to the foimular

st = 100 (1 - (Db/Pp) = 100(Pp - Db/Pp)
where as:

st = Porosity

Db = Bulk density

Available Moisture:
Was calculated as the difference between wilting point

and field capacity (pF 2.5 - pP 4*2) •

Mineralogy:
Particle size separation was done by sieving and sediment­

ation.

A programable phillips diffractometer was used. The soil was
glycolated or heated to expand or collapse its layers whenever
its i ndentiflwHon was in doubt. Quantification of minerals

identify the minerals of the clay fraction (less than 2 tan) and 
the fine sand fraction (60 ip) by x - ray diffraction analysis.

CEO x 100
Clay

Mineralogy work was done on 20 to 0.2 ip. and on 60 
soil size fraction. Slides of clay layers were then used to?

Pp = Particle density (assumed to be 2!*65g/cm )
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Micromophology:

done using petrographic and seaning microscope.

These were done using the Cassagrade apparatus as outlined
by Hj0s and Singh (1980).

Plastic index:

Plastic index was calculated according to JTjtfs and Singh
(1980) using the following formular:

Sticky limit
The Sticky limit was taken as the water content (%) of 

anil .sticking to a spatula as outlined by ITj^s and Singh (198O).

was done by comparing the X-ray diffractograms with standard 
data (Brownz1961) •

Plastic index = Pleating limit - Bolling limit
OR

Plastic index = upper plastic limit - lower plastic limit

Floating limit (upper plastic limit) and Rolling limit 
(lower plastic limit):

Following the preparation of thin sections (jongererius 
and Heirtzberger, 1975) micromorphological characterisation was



- 59

This was calculated according to Njtfs and Singh (1980) .
using the following foxmular:

linear Shrinkage:

This was calculated according to the foimular:

Nj^s and Singh (1980).

Ji eld trials methods:

A complete Randomised Block design plot layout was used
Crop.' span-ing was = 80 x 20 am
Plot fj-jmenai nns = 4 X 4 m
Humber of rows was = 5 per plot
Humber of plants per row = 20
Number of plants per plot = 100
Fertilizers applied = Ammonium nitrate
The plots were replicated 4 time at 2 sites

land Evaluation:Hl.3
Tand evaluation was done according to the EAO framework

(1976) following a two stage approach. An attempt was made
A qualitativeto quantify land evaluation in a parametric way.

loss in weight x 100 
Net dry weight;

(1-length of dry soil) x 100 
Starting length of soil
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evaluation was followed whenever a land quality could not be
quantified* To arrive at the. final rating of a land quality,

- several characteristics that; affect; it were sub rated., and
combined using additive, multiplicative, or subtractive

The most limiting land quality detp-Hndnad. themethods*
Social economicsuitability of the crops in any mapping unit.

I

the land evaluation methodology can be found in chapter TV*
Section 6*

Soil Classification:HL4

Classification of the soil was done up to family level
using the Soil Taxonomy (Soil Survey Staff, 1975) and up to
the Sub uni t level using the FAO/UNESCO legend (1974)*

in. 5 Soil genesis:
Soil genesis was studied using the macro analysis method*

' (BUol et. al., 1973).

grouping at group level or great group level (as used, in
the soil taxonomy, soil survey staff^ 1975).'

The soil was divided into macro

studies were done using a questionaire* A full description of
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IV. BESULTS AND DISCUSSION-

IVo1 Soil characteristics:

The general characteristics of the soils are discussed

according to the different geological units (Table 10 )• Six

major geological units have been identified.

Soils over limestone parent material:

A total of 3 mapping units were identified at semi-detailed
soil survey level (31, 32, 33). The limestone parent material
belongs to the Cheta foxmation of the Katanga system of the
late Precambrian and lower Palaeozoic geological periods.

The deep (200 cm) soils occurring over limestone parent
material (mapping unit 32) are very stable soils since they
-represent the most highly weathered soils in the area and have

The parent rock was not seen down to the depth of 3 meters.
The sp-iis exhibit an A, 3, horizon stratification. Laboratory

investigations revealed poor soil physical and chemical

properties in texms of structure, pH, CEO and BSP.

an Ovic. B horizon.
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Table 10: Showing Mapping Units in the different Geological Units

Mapping UnitsGeological Unit

Gneiss 11

12

Quartzitic rock 70

22

31X&zaestone

32

33

41Schist

42

52Granite

60Alluvial
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The moderately deep to deep anils erri-H h-j.t an A, B, H

soils are underlain by a limestone rock, all evidences show
that they have not foxmed from limestone (see chapter 3).
Soil forming processes are still very active in these soils.'
Soil reaction is very high (pH, CEC, BSP). Mapping unit 31
constitutes the shallow soil.

Description of Individual mapping units occurring over lime­
stone parent material:

Mapping Unit 31:

Mapping unit 31 foxms the shallow soils over limestone.'
They occur as intermediate soils between mapping unit 22 and

The unit consists of limestone rock.out-mapping unit 32-33.
crops and gravelly soils.

Mapping Unit 33?

Consists of moderately shallow soils (less than 100 cm).
Quartzitic gravels are found in the lower horizons. The gravels
do not react to a treatment of HC1, although they lay right on-top
of the limestone which foxms a lithic contact at 149 cm. The
limestone does not show any signs of having been weathered^'
The limestone rock undulates within the soil profile (see Fig.4).
The soil occurs on 0-1% slopes.

horizon stratification (mapping unit 33). Although these
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Figure 4:

Depth (cm) Horizons

’ Ap limestone rock outcrops seen
12 -

AB limestone rock out crops not frequent

39 -

71 -

149 -

Limestone rock forms limiting contactR

solid 
limestone­
rock

Buc Very frequent iron and manganese 
concretions Limestone rock seen

A soil profile (mapping unit ^3) t illustrating the major 
horizon feature and f-Perp-ntiation

Very frequent small and hard iron_ 
and manganese concretions; Lime­
stone rock seen.

Bsc^

Hsc2

Frequent small and hard iron and 
manganese concretions. Limestone 
rock seen.
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Brief Profile Description for mapping unit 3g:
Horizon
Designation Depth

0-12 cm Brown (10YR 5/3) moist, sandy clay loam;Ap
weak fine sub-angular blocky structure;

clear smooth boundary.

Strong brown (7.5IR 4/6) moist, clay;39-71 cm
moderate medium sub-angular blocky
structure; frequent iron and. manganese
concreations; clear wavy boundary.

Brief soil characteristics:
well drained
soil depth is 140 cm

B.S.P. is more than 35%

Mapping Unit 32:

The soils of this mapping unit occur over limestone parent
They are deep and clayey throughout the profiles.material.

Tap soil texture is clay loam; subsoil texture is clay. The
soil is friable and soil structure is weak to moderate sub-
angular blocky. Soil colour is dark red (2.5YR 3/6) dry and
yellowish .red (2.5YR 4/6) moist*, 2he soil characteristics can
be summarized as follows:

BSc1

pH in the soil is 5.6 in CaCl^
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well drained

slope is 0;— 1%

- CEO is less than 16 me ./100g soil clay
- the most dominant elements on the exchange complex are

calcium and magnesium
- BSP is over 35% in the top soil and less than 35% in the

subsoil
- organic carbon is 1 .49% in the top soil and decreases with

depth over 1m depth.

Brief Profile description;

Reddish brown (5TR 4/4) moist, clay; mode—0-36 cmA
rate fine sub-angular blocky; clear smooth

boundary.
Dark red (2.5YH 3/6) moist, clay; moderate36—80cmBws
medium sub-angular blocky; diffuse smooth
boundary.

SbilW-ovejr schist (Quartz-muscovite-biotite schist) parent material;

identified over this parent material. The quartz-muscovite—
biotite schist is of the Chunga formation of the Katanga
system of the late Precambrian and lower Paleozoic geological.

pH is 5.0 in the top horizon and 4.2 in the subsoil (CaClg)

Two soil mapping units (mapping units 41t 42) were

soil depth is over 200 cm.
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periods. The soils over this geological formation show deep
weathering exhibiting only an A, B soil profile. The schist
parent rock was not seen in the area, giving evidence of deep
weathering of the parent nock.' 1116 chemical properties o.f tl;e soil

. on schist are very good. Soil reaction is high and the soils

going soil forming processes was observed in the field and
in the laboratory..

Mapping Unit 41:
The soils are well structured but show signs of poor

They are mottled nearly throughout the profile.1 Indrainage.
the lower horizons the mottles develop into iron concretions
(fig. 5). The properties of the mapping unit can be summarized
as follows:

soil texture is clay throughout the profile
CEO is more than 16 me per 100g clay
dominant elements on the exchange complex are Ca and Mg
in that order
BSP is higher than 60% throughout the profile

The features of the profile are similar to those of profile

in the lower horizons.

pH is 5.7 (CaCl2).

are clayey throughout the profile. Evidence of active, on

No. 4 (in the Appendix) except for concretions which are common
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Figures. 5x Soil profile o£ mapping unit 4'1? ill ustrating the major

horizon features and differentiation

Profile EP/3/82Depth (cm) Description

Ap(?)
16

44-

78 B’sg

«20Q) Bcs. Common concretions*

■ •

few faint yellowish 
mottles

Horizons 
Designation

Bsgg

few faint-distinct 
yellow mottles:
(10Z2. 8/8) Very frequent 
iron and manganese concre­
tions

Many, medium prominent 
yellow (1OXR 8/s) mottles

few faint-distinct 
yellow mottles: 
(10XH 8/8)

■ • ‘

« ‘
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Mapping Unit 42;
The soils of this mapping unit are similar to those of

mapping unit 41 except that the soils of mapping unit 42 are
well drained and occur on lower slopes, of 1—3%

correspondingly, pH is higher than 5*5 throughout the

the soil is deep (over 200 cm).

drainage is moderate.

-perffTpahn ~H ty is moderate to slow.

organic carbon is hi ghest in the A horizon and decreases

with depth.

Brief Profile Description for mapping unit 42

Very dark greying brown (2.5YR 3/2)Ap (g ) 0-16

mottles; clear smooth boundary.

44-78Bsg
clay; common, medium, distinct
yellow (10YR 8/8) mottles; moderate
medium to coarse sub-angular blocky,
very frequent iron and manganese
concretions, clear smooth boundary.

Horizon
Designation

Depth 
(cm)

Yellowish brown (10YH 5/6) moist,

profile (CaClg).

moist, sandy clay; few fine yellowish
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Soils over gneiss parent material;

The gneiss material belongs to the Basement complex of
the Precambrian geological period* The soils have a relatively

Some of the profiles (e.g. number five) showhigh BSP and CEO*
extremely high soil reaction (i*e* 100% B.S.P* and pH that is

The soils show evidence of on going and active soilneutral)•
forming processes*

Mapping Unit 11:
These soils occur on gneiss parent material* They are deep

and well drained, although the occurrence of mottles and
sometimes plinthite (profile LP/10/82) may indicate drainage

Soil texture is loamy toproblems or hydromorphic conditions.
In profile No. IP/5/82sandy clay loam in the topsoil* an

abrupt textural change occurred at 82 cm when soil texture
changed from sandy clay loam to clay* Abrupt texture change
verification was calculated according to Soil Taxonomy (soil
survey staff 1975 P 47)* Soil structure is massive to weak

Subsoil structure issub-angular blocky in the top soil.
very weak sub-angular blocky except fchem an abrupt textural

Some of the properties of this mapping unitchange occurs*
are summarised below:-

C.E.O. is less than 16 me per 100g clay
most dominan-h elements on the exchange complex are Ca++
and Mg++ in that order
B*S*P* is higher than 35% in the top soil, but less in the
subsoil*
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soil reaction is very high throughout the profile, pH

Mapping Unit 12;
The soils in this mapping unit are similar to the soil of

mapping unit 11 except for the moderately shallow depth (less
than 90 cm).

Soils over granite parent material:
The geological period of the parent material is not known

The soil profilesbecause the parent material is igneous.
Over 80% of the area isexhibit an A, B, 0 horizons tion.

covered by rock outcrops of granitic nature.

Mapping Unit 52 (Profiles 8 and 9):
These soils occur over granite parent material and are

mainly of quartzitic material with few iron manganese concre-
A stoneline of quartzitic- rock is found in the sub-tions.
These soils are:soil.

well drained
topsoil texture is sandy loam
subsoil texture is sandy clay loam

is 6.2 (CaCip BSP is 100% in the top and bi ghe-r than 
60% in the rest of the soil horizons.

pH is 4.6 (CaClg) throughout the profile
for the profiles exihibiting an abrupt textural change,

shallow (less than 50 cm) and gravelly,’ The gravel consists



soil reaction shows a pH 5»0 in the top soil but the
soil pH is low in the subsoil (4.3 pH)*

BSP is higher than 60% in the top soil but it drops to
51% in the subsoil.

Although potassium was expected to be the most dominant
ion on the exchange complex, calcium was dominant followed.

This is usually only common in soils overby magnesium.
limestone* This is evidence of the youthnessc of the soils*

erosion gullies and rills were observed in the mapping unit*

Brief Profile Description

DepthHorizon
Very dark brown (10YH 2/2) moist and0-8A
dark grayish brown (1OYH 4/2) dry, loamy
sand;, very weak fine sub-angular blocky;
frequent fine gravels; clear smooth
boundary*

Very frequent iron and manganese cone—22-40B-C
reation; very frequent fine and coarse
gravels;, small and large stones*
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Soil over quartzitic rock:
Two mapping units were distinguished. Mapping unit 70

and 22. The soils of mapping unit 70 are shallow and rocky
(80% rock outcrop) and are not described here.

Mapping Unit 22:
These soils are found on the footslopes of the quartzitic

ridges and are very gravelly. Topsoil texture is sandy clay

Gravelstexture is sandy-clay and clay in the lower horizon.
are found in all the horizons. The gravels increase gradually

There is a gravel layer between 67-150 cm,with depth.
composed mainly of quartzitic gravels and iron stone. At 150
cm quartz rocks are found which form a limiting layer to rooting.
The soils have:

low CEO with calcium and magnesium as the dominant elements
on the exchange complex

BSP is higher than 30% (46%) in the top soil, but drops
to below 30% in the subsoil.

horizons-
reaction shows pH of 4.6 (CaClg) throughout the sub­

loam with a weak fine sub-angular blocky structure..' Sub-soil
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Soils over alluvial parent material?

Mapping Unit 60:

These are hydromorphic soils in the river valleys whose
parent material is formed from any of the parent rocks
mentioned above (limestone, gneiss, schist
attempt was made to describe their morphological characteri­
stics due to the complicated and varied nature of their
distribution. The soils:-are formed fnr>m mainly alluvial and

properly characterise them. .

St ary;
Geology greatly affects the characteristics of the soil

in Kapini (Table 6) as seen from the above discussion.

Mineralogy and Interpretation of Mineralogical results:

In this study mineralogical analysis of the clay and fine
sand fraction were done as an aid to undertanding soil
fozmatioz/genesis, to help in land evaluation and classification

to family level in the soil taxonomy (soil survey staffup
1975). Mineralogical data is shown in appendix 1 for each
profile.

IHHII

or granite). Bo

colluvial depositions. A more detailed study is needed to
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Table 6:I Su ary of the major soil characteristics:

Patent Material

10IHGneiss Sand Sand 6314 5.2 4.2
loam loam to

clay

Lime stone Clay 11 7 4.7 4.1 2.5TRClay
5YSLoam

6.1Schist 21 73 5.7Clay Clay 10YR

71 10YR28Granite

Quartz!tic hills

Quartiitic-Ridge

iiiiihI

Texture Texture
Topsoil Subsoil

Sandy 
loam

Sandy 
loam

Me
CEC-Clay

Colour 
Subsoil

Sandy
Clay
loam

BSP H20 CaCl2



- 76

In this chapter the following kinds of minerals that
were found in the clay fraction are discussed: 1:1 layer
silicates, 2:1 layer silicates, oxides and hydroxides of
iron and aluminium. Quartz and feldspars are the most
important minerals in the sand fraction.

1:1 layer silicates:
The most common 1:1 layer silicates found in the soils

are kaolinite and traces of halloysite. This is in line with
the general occurrence of these minerals in tropical soils

Although noespecially in humid and semi-humid tropics.
attempt was made to verify the occurrence of different forms
of kaolin minerals, the nature of the diffractogrems showed
that different forms of kaolin probably occur in the soils.
Halloysite was identified by the characteristic rather weaker
and broader basal X-ray diffractions compared to those of the
platy kaolinite (Halloysite is known to be tabular).

Halloysite:
This 1:1 layer silicate was more common in the soil

(profiles 5, 10, 11) developed over gneiss parent material;
This may indicate that the halloysite is a product of weathered
biotite mica and orthoclase feldspars which are common ,
constituents of gneiss. Halloysite was also apparent in soil
occurring over schist (profile ?)• This soil represents

The amount of halloysitemoderately well drained conditions.
in mapping unit 41 is very negligible. No trace of halloysite
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was found in very old and deeply weathering soils of profiles
1 and 7, occurring over limestone parent material.

In conclusion it may be remarked that hal loyalte seeme
to indicate a less advanced stage of weathering in a soil
profile since it is found in the moderately well drained pro­
files, profiles that seem to be affected by colluvial and
is apparently absent from very old soil profiles.

Kaolinite:
This mineral was found in all, the soil profiles as a

The kaolinite peaks showed
that the mineral structure was well crystal!sed in general.

Kaolinite is one of the minerals which is generally-
taken as indicative of the most advanced stage of weathering.

2.1 layer silicates:
2:1 layer silicates were found in most of the profiles.

The most common were micas, especially muscovite and illite.
The occurrance of micas is directly associated with acid and

Micas were found to be absent in soil over sedimentary rocks,

intermediate crystalline parent geology especially schist- 
(mapping unit 41) and micaceous gneiss (mapping unit 11).

dominant mineral representing over 50% of the clay minerals. 
Kaolinite was identified by its characteristic 7& peaks and 
the 3*5 X second reflection peaks.
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i.e. soils formed over UniRRtonR (mapping unit 31 )•

Smectites occurs in soil of mappi ng nn-j t 11, may be
due to the abrupt textural change at 82 cm depth which give rise
to slow permeability and hence poor drainage, re smiting in
the recrystallisation of smectitic minerals.-

!■

Mixed layer minerals:

and illite^ and illite and smectites respectively.

Oxides and hydroxides of iron and aluminium:

recorded but the peaks were not very intense.
Thermal Analysis (DTA) would have been a complementary tool
to identify them well.

Haematite was more commonly present in well drained

stone parent geology.

Goethite occured in association with haematite and was
common in the soils on the upper and middle slopes. Goethite
seems to be absent in low laying soils that are relatively

soils, although greater amounts were found in soils over lime— 
(Mapping Unit 31

Mixed layer minerals were common in mapping w ts 41 
I

and 11. They were mainly inter stratifications of kaolinite

These were mainly in the fozm of haematite (Fe^O^) and 
' geothite (FeO.OH). Traces of gibbsite (A1(OH)_) were also

Differential
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not very well drained, lepidocrocite (FeO.OH) which would be
. the most likely mineral to be present since it is common in
hydromorphic soils or soils that show in situ hydromorphism
was not identified at all. This may be due to the fact that
it is (semi) amorphous, and that it can not be identified
easily with X-ray diffraction.

Quartz and Feldspars;

The fine sand fraction was mostly made of quartz.
Quartz was also a common member of the clay fraction. Feld­
spars were common in most of the profiles eapam' al ly in soil
profiles over gneiss parent material. The Feldspars may
probably be common orthoclase and microcline, but in the fine
sand fraction they could be plagioclase feldspars especially
if of a colluvium origin.

Interpretation of mineralogical results in relation to soilIV.2 .
productivity-~

Soil Frofuctivityt

Although soil productivity is dealt with in a more
systematic manner, in the chapter on land evaluation, the

• intention here is to give a general outline of the relation
between soil mineralogy, major plant nutrient reserves and
plant retention.
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chapter 1) this outline will also show
the importance of geology to nutrient availability. In all
the mapping units, soil productivity is taken primarily as
a function of the coarse mineralogy and secondly as a function
of the finer fraction. The coarse fraction gives a good
estimate of weatherable minerala in which plant nutrient
reserves are found and the finer fraction provides surfaces
for nutrient retention and may contribute nutrients to the
soil* solution.

Mapping Utaits 11, 12:
These units represents soils developed over gneiss

parent material. . The fine sand fraction is dominated by

Themicas are common, although muscovite is most abundant.
presence of micas especially biotite which is a common
constituent of gneiss gives these soils an appreciable amount
of weatherable minerals. The abundance of feldspars (mainly
orthoclase and microcline, which are associated with the

are important to a lesser extent.

Since the major mapping units also represent the major 
geological units (see

occurrence of biotite, also give an abundance of weatherable 
minerals in the soil?- The contribution-ofpotassium (K+) and 
magnesium (Mfe++) to soil by the above minerals of the fine sand

Quartz, and Feldspars. Both black (biotite) and white (muscovite)

fraction is extremely important. Muscovite and biotite are 
the major minerals in which K+ is found although feldspars
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illite and smectites. The presence of illite and smectites
do not only point to the availability of weatherible clay
minerals but also point to the abundance of adsorption sites
present in the clay fraction and the possibilities of greater
cation exchange capacities. Smectite minerals are also known
to provide Mg to the soil on weathering. Iron and aluminium
oxide are not an important constituent of the soils of mapping
units 11, 12.

Mapping unit 32;

This consists of soils developed over limestone parent
The constituents of the sand fraction are mostlymaterial.

The soils are representative of soils that have been.quartz.
heavily weathered in the area of: .study. They have very little
or no reserves of weatherable minerals in the fine sand

The limestone (mainly dolomitic in nature (Cafraction.
clay (mainly kaolinite)
The absence of gibbsite

The soils over limestone parent geology had the highest
amount of iron oxides and hydroxides (geothite and haematite)
whi ch give the soil the characteristic deep red or dark red
colours.

The clay mineral fraction is dominated by kaolinite,

Mg(COj)g) has weathered to produce : 
and lots of iron oxides and hydroxides.
(Al(OH)^) indicates that the soils have not reached. their ultimate 
stage of weathering.
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The shallow and moderately shallow soils of mapping units 31 j 33s

These soils are underlain by limestone rocks which
appear on the surface in an undulating manner. The soils
are represented by profile No. 2.

The donrinant clay mineral is kaolinite. Illite also
occurs in substantial amounts. The fine sand fraction is
dominated by mica and quartz. The soils have an abundant
availability of weatherable minerals in the fine earch fraction.
The soil is not hi ghly weathered and is rather in the inter­
mediate stage of weathering.

Soil mapping units 41, 42:
This mapping unit represents soils developed over

Although the dominant mineral isschist parent material.
kaolinite, illite is found in abundant amounts while halloy-

The fine earth fraction issite is found in lesser amount.
dominated by quartz and a variety of 2:1 weatherable minerals
which could not be differenciated by X-ray diffraction. This
profile is in the intermediate weathering stage.

Soils of mapping unit 52:
These represent the soils formed over granite. These

soils are very shall ow (less than 50 cm) and are of very
Their shallowness makes them lessrecent development.

important for agriculture development although they may have
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lots of weatherable minerals* The deep well drained patches

of soil may be highly weathered and may contain appreciable

amounts of gibbsite due to the nature of the parent material »

rv.,3 Pedogenessis in the study area:

The method of soil genesis study used in the Kapini
area is the Macro analysis method. The method divides the
soil complex in the Kapini area into the Macro-groupings
which are studied to arrive at an interpretation of the
genesis of the soil. This is done on soil at group level or
great group level to minimise detail.

Profile descriptions, laboratory ana]ytical data in
addition to environmental infoxmation study, has enabled the
making of important observations that give an indication as

After listingto the genesis of the soil in the Kapini area.
the major observations, an account of the soil genesis for
the different mapping units is summarised.

Mapp&ng Unit 32 (Profile LP1-82 and IP7-82):

Soils developed over limestone:
The following characteristics were used as indicators

of pedogenesis in this mapping unit:

The soil profile in this mapping unit is very deep and
the parent rock or limiting rock was not seen up to

weathered •'
a depth of 3m, indicating that the soil is deeply
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There are no rock fragments in the profile, wh-i nh
indicates complete weathering of the coarse rock
fragments (greater than 2 mm).

Organic matter is restricted to the top A horizon, the
rest of the profile being very uniform in appearance
with diffuse or gradual horizon boundaries.

Soil macro structure is weak subangular blocky with
a strong micro structure.

BSP decreases from top to bottom of the profile
(44% - 9%) as opposed to the pH which increases.

charges in the soil.

than 50^.

It has large amounts of goethite and haemitite.

It has no traces of 2:1 layer clay minerals.

The sand fraction is composed of quartz.

Clay mineralogy is mainly kaolinite (more

Delta pH (pH CaClg- pH water) is negative throughout 
the profile, an indication of the dominance of negative

Bulk density is highest in the top soil and lowest in 
the sub-soil (1.5 - 1.3 ^cm^).

Soil CEC/WOg clay is very low (i.e. 11 me).
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Thin section for micromorphological studies didn*t show cutan

Micromorphologically the soil is characterised by
skeletol quartz grains in the fine sand and silt
fraction.

Plasma ordering is undulic (showing high iron content)

Pew ferric nodules with sharp edges. These could
indicate that the soil has formed in situ.

There are very few iron rich papules.

The major pedogenic processes that is responsible for
the soil formation in napping unit 31 is desilication.
Desilication is the process in which there is a chemical
migration of silica out of the soil resulting in the concentra-

It is probable that this process tookcalled ferrilization.
place in more warm. and humid conditions in an environment of
continuous free drainage than exists today leading to the
leaching of silica in solution (in the form of silicic acid)
while iron precipitated as hydroxides which are immobile in
the low pH conditions that prevailed. The absence of clay
illuviation indicates that iron hydroxides could not be moved
out of the solum together with clay. Decomposition of mi neral a
by weathering has left very few primary minerals in the soil.
The secondary minerals have further been highly weathered
and broken down to produce kaolinite, a clay mineral that has

tion of sesquioxides (goethite and haamitite in this case) so
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a very low C.E.C. The hydroxides which are dnmi nant in the
soil profile and which are: pH dependent nay also block the
negative adsorption sites when-not in descre.te; clusters.

the soil.

Pedoturbation, the biological activities that churn
and circle soil material and homogenizes the solum is very
important in this soil profile. The biological activity is
strong throughout the profile and nests of animals and insects
(fauna) were seen throughout. The Biological activities are
probably responsible for some sub-angular blocky structures
that are moderate or strong throughout the profile.

Mapping Unit 338 (Profile LP2-82)

The following characteristics were used, as indicators
of pedogenesis in this mapping unit:

The soil profile in this soil mapping unit is deep but
a limestone rock is encountered at varying depth between
0 and 149 cm depth.

The soil has rock fragements in the B horizon which are
quart p-.i tic in nature an indication of a less advanced
stage of weathering.

The development of high iron content in the soil is 
responsible for the strong micro structure and aggregation in
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Organic matter is restricted to the A horizon*

The boundaries are sharp, abrupt or clear, indicating
a relatively young soil.

Soil structure is medium to moderate*

with depth (1.2 - 1.0g/cm ).

Soil reaction is near neutral (pH water 6*j), an
indication of low leaching.

BSP is high (71%) but decreases with depth to 38%.

C.E.O* is 14 me per 100g clay.

Clay mineralogy is

Illite occurs in very substantial amounts (30%).

,?hin sections showed clay cutans and clay illuviation
within the soil profile.

The sand fraction (quartz and muscovite), is sharp and
not been transported, butangular showing that it< has

is weathered in situ.

Soil colour is brownish but not too red showing that
oxidation is just becoming a more important process in.
this profile, an indication of intermediate stage of
development.

mainly kaolinite (50%);.

Bulk density is highest in the A horizon and decreases

Delta pH (pH CaCl^ - pH. water) is negative.
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Managsnese and iron concretions are found as a continuous
layer laying on the surface of the limestone rock..

This is evidence that the soil is not developed from
limestone since limestone does not show a saprolitic layer as
it does not weather mechanically but chemi naiiy. Several
pedogenic processes are probably responsible for the develop­
ment of this soil profile; the most important of which are
decomposition and synthesis. Decomposition is used in the
context of mineral breakdown while synthesis; relates to the
formation of new minerals. Geochemical and pedochemical
weathering are the major agents that accelerate decomposition

The geochemical weathering reactions that arein the soil.
hydrolysis, solution and oxidation - reductionimportant are:

The .above reactions are also important.in alternating cycles.
in pedochemical weathering including the shuttling of mineral
elements from clay lattices, such as aluminium and potassium to
hydrous oxides via exchange sites or into solution respectively.

The difference between geochemical weathering and
pedochemical weathering is that geonhemical weathering relates
to the weathering of the initial soils material (parent rock
etc.), while pedochemical weathering relates to weathering
processes tairj ng place within the soil itself. The two process
may occur simultaneously (Birkeland, 1974).
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Oxidation is extremely important in this profile because
the soil is well aerated and the underlay ng rock is either'
exposed or is not very deeply buried a.11 own ng enough supply of
oxygen needed in oxidation. Due to the presence of iron rich
minerals in fine sand fraction such as mica (i.e. biotite) the
most important specific reaction is that of the oxidation of
iron from ferrous to ferric (ions) state*

Fe+++ +e

Since iron forms a part, of the mineral structure of mica,
its oxidation falls within the pedogenic process called decom­
position because it leads to the disint ergation of the nri na-

The mica is disintergrated as the element;mineral structure.
iron changes its size and as it is transformed or converted to
ferric form.

the soil together with the iron. From the presence of iron
concretions in the profile, it is obvious that the iron that is
released, unites with hydroxyl (OH) and oxygen to form iron
minerals that precipitate into concreations down the profile
(to form the concreations that lay

Hydrolysis is the other important process that contributes
to the pedogenesis of this profile. By hydrolysis is meant.
the attack by the hydro nium ion on crystal structures. Hydro nium
is a highly charged hydrogen ion having a hydration shell. At

on top of the limestone rock).

 ++Oxidation Fe -------

Once the mica structure is broken apart, ions 
sucir as potassium (K+) and magnesium (lflg++) are released into
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favourable pH, this hydrogen ion replaces the basic ions in
either the clay minerals or the micas in the fine sand
fraction. This action breaks up the im~ neral structure of the
micas and clays. Silica and aluminium become soluble, while
iron and manganese precipitate at the bottom of the profile
on top of the limestone 1-inriting rock. The kaolinite in the
soil is not so much an indication of highly weathered conditions
in the soil as it may have formed from the recombination of
silica and aluminium that goes into solution after the break
down of mineral structures in the processes of oxidation and
hydrolysis, in a pedogenic process called Synthesis.

The presence of manganese concreations in the soil
indicates a wetter period in the development of the soil profile.
The chroma in the soil is low indicating a relatively young
soil in its intermediate stage of weathering.

Although the soil is underlain by a limestone rock all
evidence point to the fact that the profile or the soil solum

The soil is of colluvial origin,is not developed from it.
probably from some schist parent material on a relatively high
elevation.

The quartz and muscovite in the fine sand fraction has
very sharp edges signifying development in situation
after transportation.
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The soil has too high an amount of mica nri neral a to have
formed from a limestone parent material*

There is no gradual boundary between the limestone rock
and soil solum, but a sharp boundary.

The limestone rock itself does not show any signs of
having been weathered. It is very smooth and has no
cracks on it.

slightly higher soil reaction (pH and BSP) showsThe
limestone rock contributes mineral elements tothat the
in solution as facilitated by geochemicalthe soil

weathering processes.

’in summary, the soil of mapping unit 33 is possibly of
colluvial origin and it is not developed from the under laying

Geochemical and pedochemical weathering islimestone rock.
taking place with Oxidation, Hydrolysis, Hydration and Solution
processes predominating.

Mapping un~i,t 31 and 52 (profile IP 12, LP 8 and LP 9)
The processes taking place are similar to those taking

These processes are however ofplace in mapping unit J3.
recent times and the soils are relatively much younger.
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Mapping Unit 41 and 42:
The following characteristics were used as indicators of

pedogenesis in these mapping units:

The soil profiles in these mapping units are very deep
as the parent materials were not seen at Jm depth, an
indication of deep weathering

There are no rock fragments in the profile, an indication
of nomplete weathering of the coarse rock fragments

Organic matter is restricted to the A horizon

The profile is uniform and soil horizon boundaries are
clear, gradual and diffuse

Soil macro structure is moderate sub-angular to angular
blocky

Soil reaction is near neutral (pH 6.1 water)

It is nearlyB.S.P. does not decrease with depth*
constant throughout the profile (lower value 73%)

C.E.O, is less than 24 me but greater than 16 me per
100g clay (in NHjAO^)

Pine nand mineralogy is mainly quartz and some mica«r

Clay mineralogy is mainly kaolinite with substantial
amounts of illite.

Iron may be present only in form of lepidocrocite
(FeO OH); an indication of seasonal hydromorphism.
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Mlcromorphologically the skelet grains of fine sand and
silt were dominantly quartz. These are not readily-
moved and have not been moved, concentrated or reorga­
nised by soil forming processes. This show that all
soil formation has affected the rest of S. ma trie
(Soil Matrie).

Plasma ordering showed asepic and sepic features.
locally skelspic was much less than 462 and 463, showing
movement, concentration and re-organisation by soil
forming process.

Clay cutans were few, showing that the process of soil
elluviation is not very strong.

The glaebules that were noticed are ferric nodules or
ferric concretions.

Nodules are gleabules with an undifferentiated internal

fabric, showing undifferentiated rocks and soil fabric^

Concentrations are glaebules with a generally concetric

fabric.

The nodules signify insitu hydromorphism.

Ferric nodules of a few mm to 1 cm with diffuse boundaries
enhanced the hypothesis of insitu hydromorphism.

Concretions showed an on going process of accretion.
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The major pedogenic processes of soil formation in
mapping units 41 , and 42 are man nly related to decomposition

hydrolysis, hydration, and oxidation - reduction cycles•

Synthesis also occurs in this process and. leads to the
formation of new minerals. During the period of geochemical
weathering the parent rock of schist was weathered to produce
heavy clay soils with very deep profiles. However the heavy
clay restricts the quick movement of water through the profile.
This results in what is called in situ hydromorphism which is

nfai 1 is seasonal the soil is saturated with water only
during the rainy season and it is dry during the dry period.1
It has an ustic moisture regime (soil survey staff 1975).
These conditions within the soil lead to active hydrolysis and
oxidation - reduction cycles.

In hydrolysis the hydronium attacks the crystal structures
of the minerals, in the profile,of mainly mica origin (as explained
in mapping unit 33) to liberate iron,silica and aluminium.

Hydration, the association of water molecules or hydroxyl
groups to minerals also help in the breaking down of the minerals
especially their edges.

through pedo chemi cal weathering and the reactions are;

not arigined from the ground water table. However, since
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Oxidation — ^reduction cycles are important in that they
help in the break — down of the minerals wi thi n the profile as
described in mapping unit 33. This leads to a hydromorphic
forming process coined by Brinkman (1969) as ferrolysis. In
this process the cation exchange capacity of a soil is destroyed
due to exchange reactions involving iron in seasonally alter­
nating cycles of reduction oxidation.

The results of all these reactions is thats-
The iron released from the break down of minerals is
often in a hydrous ferric oxide form (lepidocrocite-
PeO CH) in the soil material and gives it the character­
istic yellowish mottling (LP3-82 in appendix). Impended
drainage restricts the leaching of ions released by the
break down of the minerals, resulting in the accumulation

high soil reaction (pH and
BSP)) and aluminium. The concentration of Al and Si may
lead to re-crystallization to form halloysite, when the
bases are not lost or kaolinite when the bases are lost.
Inter layered mi narals may also form in the case of high

The low C.E.O, me/lOOg clay which gives theAl content.
soil the oxic characteristic at sub-group, level may be
due to ferrolysis.

of silica (giving the soil a



96

In conclusion it may be said that the soil is not very
old and not very young. It is basically in its intemediate

result of under ground water.

Mapping Unit 11 tod 12 (profiles 5 and LP 12)

The following characteristics were used as indicators of
pedogenesis in these mapping units:

The profiles in these mapping units are deep but mapping
unit 12 has moderately shallow soil underlain by rock or
plinthite.

There are rock fragments within the profile.

Organic matter is not restricted to the A horizon in some
cases and this may indicate a burried horizon (soil survey

• staff 1975).

soil macro structure is weak to moderate sub-angular
bloclsy.

Soil reaction is neutral (7.0 pH water).

Bulk density decreases from the top soil to the sub-soil 
(1.6 - 1.2 g/am^).

feature since hydromorphism is essentially insitu and not a

Delta pH (pH CaCl,, - pH water) is negative

stage of weathering. Hydromorphic condition are not a severe
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In conclusion it may be said that the soil is not very-
old and not very young. It is basically in its intermediate
stage of weathering. Hydromorphic condition are not a severe

result of under ground water.

Mapping Unit 11 And 12 (profiles LP 5 and IP 12)

The following characteristics were used as indicators of
pedogenesis in these mapping units:

The profiles in these mapping units are deep but mapping
unit 12 has moderately shallow soil underlain by rock or
plinthite.

There are rock fragments within the profile.

Organic matter is not restricted to the A horizon in some
cases and this may indicate a hurried horizon (soil survey

• staff 1975).’

soil macro structure is weak to moderate sub-angular
blociy.

Soil reaction is neutral (7.0 pH water).

Bulk density decreases from the top soil to the sub-soil 
(1.6 - 1.2 g/cm'5).

feature since hydromorphism is essentially insitu and not a

Delta pH (pH CaClg - pH water) is negative
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C.E.O. clay/lOOg is 11 me at 50 cm.

Below 82 cm are found separations of iron which fozm
large concreations.

Mineralogical studies show; that the clay fraction
consists of kaolinite in the largest amounts (50%),
followed by illites and smectites.

The fine sand fraction shows the presence of quartz,
feldspars and mica.

Micromorphological studies showed clay movement and many
clay cutans.

The cutans were

Big meta - iso tubules were identified in the horizons
together with ferri - argillans.

The plasma is asepic to weakly undulic and locally sepic.

The pedogenic process taking place in this mapping unit

The soils of mapping unit 11 and 12 are probaly of
colluvial origin, especially the soils occurring between the
depth of 0-80 cm, upon which a sudden textural, mineralogical

soils from soils of higher elevations still continues in foim

mainly organo-ferri-argillans .

are mainly Eluviation, Enrichment and Cumulization.

There is an abrupt textural change at 82 cm.

and chemical change occurs. Enrichment of material to these
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of mineral elements in solution and. through surficial addition

of solid soil material by moving water and by gravity. This
explains the high BSP of 67-1 OO^o and a high pH of 7.0 in water.

Because of the sudden changes of soil texture w^ th-in the
profile it is probable that the pedological process of cumuli-

addition of the soil material may have buried the soil, creating
■She complex or duplex prof jjaa that are sometimes encountered
in this mapping unit.

The area of survey occurs near the soils that have been
affected by the Kalahari desert (300 km) and have Kalahari
parent material which was deposited by aeolian process. The
dynamics and physics of blown sand are not dealt with here to
prove or disprove the assertion that the soils of mapping unit
11 and 12 have been affected by aeolian activities due to the
complexity of the derived equation.

As mentioned earlier, BHuviation and Illuviation are
probably the major pedogenic processes in these soils. Clay and
other soil material are moved down the profile and are illuviated
in the B horizon to fozm an argillic horizon. This processes
is also called lessivage.

zation in fozm of aeolian additions of soil particles to the 
surface of the soil solum may have been important. This
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The presence of smectite within the soil profile may
be attributed to the synthesis of mineral elements in solution

and silica when the
movement of water is restricted at 80 cm depth (nen-fnrmat-i nn) .

IV Soil Classification in the study area;
Mapping unit 32; (Profile LP 1 and 7/82)

Of the surface horizons described in the FAO/UNESCO
legend (1974) and Soil Taxonomy (1975) the surface horizon in
this mapping unit meets the requirements for an Ochric horizon
as follows

There are no rock structures in the horizon.

The horizon does not include fresh sediments that are
finely stratified.

The horizon does not meet the structure requirements for
Mollie or an Umbric surface horizona

The horizon does not meet the colour requirements for a
Mollie surface horizon.

It does not meet the thickness requirements for a Mollie
surface horizon.

The horizon does not have enough or sufficient organic
matter to meet the requirements for a Mollie top horizon.

And finally the N value is not low enough to meet the
requirements for a Mollie surface horizon.

especially the recombination of Mg++
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Sub—surface diagnostic horizons;

The sub-soil meets the requirements of an OxLc B horiaon

as follows:

(CEO

Argillic or ITatric horizon.

The horizon is greater than JO cm thick.

(BSP + Al x is less than 1O.:

There are not traces of alum-inn silicates in the sand
fraction.

The sub horizons are all either gradual or diffuse.

The sub soil has less than 5$ by volume rock structure.

*

Clay is greater than 15$ or as per amendment made by 

IC0M0X(Buol, 198j) clay is greater than 8%.

Bases = Me, bases extractable with NH OAC per 100g clay 
I*

____ CEC = Cation exchange capacity (me CSC per 100g clay.
(CIi) Clay content ($) calculation:
Th-i n wAs calculated first by finding out if water content at 155bar 
tension ($) was greater or less than 40$. If it is found to be less: 
than 40$ clay content is taken to be equal to the clay measured in 
the fine fraction. If, however, water content at 15 bar tension is 
found to be less than 40$ as was the case in this mapping unit, we 
try to find out if the ratio between water content and measured 
clay is greater than 0.4, (i.e. is greater than 0.4). If it is 
less than 0.4, as was the case in this study clay content is taken 
as equal to measured clay in the fine earth fraction. If on the 
other hand the ratio is found to be greater than 0.4 then clay 
content is given by:-
CL = 2.5 x moisture content in $ at 15 bar tension.

x 10^ is less than 16 between 15 cm and 2 cm depth.

The horizon does not meet the requirements of an

Al = Me, aluminium extractable with 1 KC1 per 100g clay

100
CL'



101 -

Classification according to FAO/UNESCO legend (1974):

At unit level the soil is classified as ferralsol on
the basis of an oxic horizon and at sub-unit level the soil
is classified as Hhodic Perralsol as follows:

The soil has dark red (moist) and red (dry) colour*

Has a CEO of more than 1.5 per 100g clay throughout the
Oxic horizon within 125 cm of the surface.

The soil lacks an Umbric A horizon.

The soil lacks Plinthite with 125 cm of the surface.

It is classified as Rhodic Perralsol (?R).

At the order level the soils are classified as Oxisol
due to the presence of an Oxic B horizon.

At sub order level the soil is classified as Ustox
becauses-

They are not associated with Aquic conditions.
They do not have a Torric moisture regime.
They are not associated with high humic conditions.
And they do not have a short dry season like the
Oxisol near the equator.
They have an Ustic moisture regime.

Classification according to Soil Taxonomy (1975):
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At great group level; of the four Ustox great groups
defined by the Soil Taxonomy the soils meet the regu-f tp-
ments for the Haplustox (Profile EP/1/82) or Eutrustox

They do not have a Sombric horizon.
They do not have 1.5 me or less per 100g clay, cation
retention capacity.

At subgroup level;
The soil as classified as Typic Eustrustox/Haplustox

since the soil typifies the great group and all diagnostic
properties of the order, sub-order and great group to
which the soil belongs, are in clearly expressed form,
showing no intergrade or extragrade to other taxonomic
groups.

the soil is classified as follows:At family level
Typic Eustrustoa/Baplustox, Clayey, kaolinitic, hyperthemic:

clayeyParticle size class:
kaoliniticMineralogy:
hyperthemicTemperature regime:

(Profile IP/7/82):

or BSP of less than 50% (Haplustox, profile EP/l/82) •

They either have BSP of 50% or more (by NH^OA^) 
throughout the profile (Butrustox, profile IiP/7/82)
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Table 7: Sv .ary table showing classification according to Soil
Taxonomy for mapping unit 32:

Order Sub-Order Great-group FamilySub-group

Haplustoz/Oxisol TypicUstox Typic
Haplustox/ Eustrustox/Eustrustox
Eustrustox Haplustox

clayey Mpongwe.

kaolinitic

hyperthem!c

jlttttll

Tentative
Series
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Mapping Unit (Profile EP/^/82)

Master horizons: 3 master horizons characterized the
A, B and R

horizons# A and B horizons are defined as in soil mapping unit

mantle.

The surface horizon meets the requirements of an Ochric
surface horizon, as follows:

There are no rock structure in the horizon.

Nd fresh sediments that are finely stratified are included
in the horizon.

It does not meet the structure requirements for a Mol Tin
horizon although it meets the color requirements.

It does not meet the thickness requirements for a Mollie
horizon.

Sub-surface diagnostic horizons:
The sub-surface diagnostic horizon meets the requirements

for an Argillic horizon as follows:

The horizon is greater than one tenth the combined
thickness of all over laying horizons.

The horizon is greater than 15 cm thick.

surface diagnostic horizons (epipedon):

soil profile of this mapping unit and these are:

32, while the R horizon is the hard rock underlying the soil
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There is a recognisable Eluvial horizon.

Peds are present in the horizon.

The clay skins are on some vertical and horizontal ped
surfaces and also in some fine pores.

And finally the total clay in the horizon is greater than
the total clay of the Eluvial horizon + 5 (i

Classification according to FAO/UHESCO (1974):

The soil is classified as luvisol at unit level as follows:

It has an Argillic horizon.

125 cm of the surface.

It lacks an Arbic E. horizon overplaying a slow peimeable
horizon diagnostic for Planosols.

Has Ferric properties which rules out Nitosols.

Tanin ng the Tonguing diagnostic for Podzoluvisols.

Lacking an Aridic moisture regime.

TCg = Total measured clay % in fine earth fraction 
(less than 2 mm) of Eluvial horizon.

TCg = Total measured clay % in 
than 2 mm).

.e. Tc^ClOg, + 3). 
fine earth fraction (less

A base saturation of 50% or more (by NE^OA^) within
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Classification at sub-unit level:

Ferric Luvisol as follows:

The soil shows Ferric properties due to presence of -iron

concretions.

concentrations of soft Powdery lime, and Plinthite w> tMn
125 cm of the surface.

lacking Hydromorphic properties within 50 cm of the surface.

Classification according to Soil Taxonomy:

The soil is classified as an Alfisol at order levels
It has an Argillic horizon.

It has no Fragipan.

BSP is greater than 50% within 125 cm.

At sub-order level the soil is classified as an Ustalf
It has an Ustic moisture regime.

It has chromas that are too low for Aquic conditions.

At great group level the soil is classified as a Paleustalf

It has no Duripan.

It has no Plinthite.

It has no Natric horizon.

The hue of the soil is no redder than 5YR.

It lacks an Albic E horizon, a calcic horizon,
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At sub-group level the soil is classified as Oxic Paleustalf:

horizon.

The soil are intergrades between Paleustalfs and Ustox.

At family level the soil is classified as follows:
Paleustalfs, clayey, kaolin!tic hyperthemic: •Oxic

Particle size class: clayey

kaoliniticMineralogy:

hyperthemicTemperature regime:

ary table showing classification according to Soil.Table 8: Sn
Taxonomy for mapping unit 33?

FamilySub-order Great-group Sub-groupOrder

Paleustalf OxicAlfisol Ustalf
Oxic PaleustalfPaleustalf

MUshemi
hyperthemic

!«nhil

clayey 
kaolinitic

Tentative
Series

C.E.O, is less than 24 meg per 100g clay (iJH.QA. ). • C

B.S.P. is less than 75% in all parts of the Argi'lljc
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Mapping unit 31: (shallow phase of Prof. LP2) Profile 12.

Master4 horizons: 2 master horizons characterised this
mapping unit and these are A and R.

( epipedon)Surface diagnostic horizons:

The surface horizon meets the requirements of the Ochric

A horizon.

It is too thin and does not meet the requirements for
all the other surface horizons.

It does not meet the color, and the structure requirement.
of a Ifollic or an Umbric epipedon.

It may have rock structures (gravel) in it.

Sub-surface horizons (epipedon).

The soil is shallow, less than 20 cm and usually less
than 10 cm to the limiting layer which is limestone rock.

Classification according to FAO/UllBSCO (1974):

At unit level the soils are classified as Rego sol where
there is an Ochric A horizon to the depth of 20 cm. and an
absence of a diagnostic B horizon or as a Lithosol where the
ochric A is less than 10. cm.
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The Regosols are classified as Itystric because:-
They have an us tic moisture regime

4 c

Classification according to Soil Taxonomy;

At order level: T&e soils are classified as Ent i sols.

They do not have a; salic horizon*
They do not have calcic, Petrocalsic, Gypsic or
Petrogypsic horizons nor a Duripan.

They do not have a Cambio, Argillic, Uatric, Oxic,
Spodic horizons or vertic properties.

They have no Mollie, ttabric or Playgen epipedon or any
other epipedon apart from an Ochric ’A* •

At sub-order level the soils are classified as Orthents;
They have a Lithic and sometimes Paralithic contact
that is shallower than 25 on.

Soil texture is sandy loam to sandy clay loam.

They have no Aquic properties.

They have no diagnostic properties except an Ochric A
horizon.

1
There are no sub-units for the Lithosols.

At sub—unit level the soils are classified as Dy s trie Rego sol 
And as Lithosols.

They do not have a BSP (NH OA ) of more than 50%.
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At great group level they are ‘classified as Ustorthents

They have an Ustic moisture regime

They have a Hyperthemic temperature regime

At sub-group level the soils are classified as Lithic
Ustorthents

usually)•

At family level the soils are classified as Lithic Ustorthents,
fine loamy, siliceous, hyperth' lie.

Particle size class: fine loamy
Mineralogy: siliceous

hyperthemicTemperature regime:

Summary table showing classification according to Soil TaxonomyTable 9:

for unit 31:

FamilySub-group SeriesGreat-groupOrder Sub-order

' Oifrthents UstorthentsEntisols

[Sul

Lithic Ustor­
thents 
fine loamy 
siliceous 
hyperthemic

Lithic-
Ustorthe- 
nts

They have a Lithic contact ’within 50 cm (i.e. at 20 cm
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E212, respectively

in pairs (i^e.. described", together)

Ochric surface horizon and Argillic sub-surface horizons

as outlined and identified in mapping unit 33. The soils.

are characterised by 2 master horizons and these are the

A and B horizons..

Mapping units 4T, 42:

Classification according to the FAO/tlBESCO legend yields

Luvisols at the unit level as is defined and outlined, in.

mapping unit 33*

At sub unit level the soils are classified as Gleyicj

Thia is because of hydromorphic properties that occurluvisbT.

They have mottles due to segretation of iron
They have iron-manganese concretion larger than 2 mm

It is probable that some well drained" soils do occur
These would be classified as.within these mapping units.

Ferric luvisols due to Ferric properties as defined, by FAO/
UHESCO legend, (p. 28)

within 50 cm of the surface as explained by the FAO/dllESCO 
legend (page 29X.

All these mapping units meet the requirements for an

Mapping units 41, 42, 12, 11 (lI3, LF4 and 125,,
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Classification according to Soil Taxonomy:

Mapping units 41, 42, are classified as follows:
At order level the soils are classified as Alfisols

They have an Ochric epipedon.

They have an Argillic horizon.

They lack Vertic properties.

(i 70%).

They have no Fragipaa.

At sub-order level the soils are classified as Ustalf
They do not have Duripan.
They do not have Plinthite.
Their hues are not redder than 10YH.
The common coarse mottles do not have hue of 7.5YR or
redder.

At sub-group level the soils are classified as Oxic Haplustalfs

than 50% in mapping unit 42.
Th ay are intergrades between Haplustalfs and Ustox.

They have B.S.P. (by sum of cations) of more than 35%

C.E.O, (by NHjOAc) is less than 24 me per 100g clay
B.S.P. is greater than 70% in mapping unit 41 and greater
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At family level the soils are classified as Oxic Haplust^if T

Clayey, kaolinitic, hyperthemic

Particle size class: clayey
Mineralogy: kaolinitic

Temperature: hyperthemic.-

Table 11: Su ary table showing classification according to Soil Taxonomy

for mapping units 41, 42

FamilyOrder SeriesSub-order Great-group Sub-group

Alfisols Ustalf Haplustalf

Ipafu

In the FAO/UUESCO legend the soil is classified at unit level
as luvisols

The soils have an Ar gillie B horizon*
They do not have an Albic E. horizon.
They have no Tongtring that is diagonostic for Podzoluvisols.
They have an Ustic moisture regime.

B.S.P, is more than 50% through out the profile (i.e. more
than 80%).

min]

Oxic Haplu­
stalf

Oxic Haplus­
talf 
clayey 
kaolinitic 
hyperthermic

Mapping unit 11, 12 (LP5 and LP13):

Clay % decreases by more than 20% within 125 cm.
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At sub unit level the soils are classified as Ferric Luvi sols

Ferric is coined at sub-imit level because
the. soils have no Pl-i,nthi te .
They have no hydromorphic properties J
They have no Albic E horizon.
They have no Vertic or Calcic properties.
They show Ferric properties.

Classification occurding to Soil Taxonomy:
Mapping units 12, 11 are classified, as Alfisols at

order level as identified in mapping units 41, 42.

At sub-order level as Ustalf as identified in mapping units
41, 42.

At. great group level the soils are classified as Haplustalfg

They have no Duripan.
They have no Plinthite.

the profile.
They do not have hue that are redder than. 5YR.

They have a CEC of less than 24 me per 100g clay.

They are intergrades between Haplustalfs and Ustox.

They have no Argil lie horizon.
Their clay content decreases by more than 20% within

As sub-group level the soils are classified as Oxic haplustalfs:
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At family level the soils are classified aa Oxic

Haplustakfs fine loamy kanl 1 m‘ tic hypertherml

Texture class: fine loamy

Mineralogy class: kaolinitic

Temperature regime: hyperthemic

Table 12: Su ary table showing classification according to Soil
Taxonomy for mapping units 11 and 12

FamiliesOrder SeriesGreat-group Sub-groupSub-Order

HaplustalfAlfisols Ustalf
Kado.

Inclusions that could not be mapped but which were

observed during the soil survey are as follows:—

Plinthustalfs
Paleustalfs
Psammentic Haplustalfs

Mapping Unit 52:
According to FAO/UNESCO legend this soil is classified as

identified in mapping unit 31 •

iiiii

Oxic
Haplustalf

Oxic Haplu­
stalf 
clayey 
kaolinitic 
hyperthemic

Regosol as
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At sub-unit level it is classified.

It has a high base saturation percentage*

identified, in mapping unit 31 except for the coarse loamy

texture.

Table 13? Su iary table showing classification according to Soil
Taxonomy for mapping unit 52

Order Family SeriesSub-Order Great-group Sub-group

Entisols Orthents Ustorthents

Chilanga

Mapping unit 22:
In the EAO/UNESCO legend the soil is classified as Dystric

Eegosol as identified, in mapping unit 31 ♦

sub-order and great group as Ustorthents as identified in mapping
unit 3T*

IHHlI

Lithic- 
Ustorthents

Lithic 
Ustorthents 
coarse 
loamy 
siliceous 
hyperthemic

According to Soil Taxonomy the soil is classified at order,

as Eutric Regosol.

According to Soil Taxonomy the soil is classified as

Lithic ustorthents coarse loamy siliceous hyperth«gn~in as
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It is classified as Typic Ustorthents at sub-group level
because of the following:

It has an Ustic moisture regime
It has no Vermic properties
It has no Vertic properties

As the family level it is classified as Typic Ustorthents
clayey kaolin!tic hyperthermic

Table 14s ary table showing classification according to SoilSu
Taxonomy for mapping unit 22

Family Series:Order Sub-groupOrthents Great-group

UstorthentsEntisols Orthents

IV. 5 Land evaluation:

Methodology:-5.1

General5.1.1
The J and evaluation method followed in this study is the

two stage approach of the FAO - framework (FAO, 1976). Unlike
the parallel approach in which the physical and economic factors

evaluated simultaneously, the two. stage approach carriesare

mini

Typic
Ustorthents

Typia.- 
Ustorthents 
clayey Unknown. 
kaolinitin 
hyperthermic
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studies in Eastern Sierra leone and Western Liberia, and in

Nigeria uses a two stage approach* He separates the economic

analysis so as to obtain a constant physical base, which can

be re-evaluated with changed economic conditions* Land
characteristics and therefore land qualities are considered
to be more or less constant with time apart from annual
dynamics* In this study the economic viability of land use
on different mapping units will be discussed in chapter HV*
The major problems related to the use of the EAO framework
are concerned with the expression of the economic viability
of land and the question of the critical values for suit­
ability class limits*

In the FAO (1976) land evaluation system?it is accept­
able to qualitatively evaluate the physical and environmental

however is not clear whether the economic
viability of a piece of land should be expressed qualitatively

Veldkamp (1979, 1980) used a qualitativeor quantitatively*
approach is his economic evaluation in Nigeria*

The framework (FAO,1976) has also not solved the question

of the critical values for suitability class limits. This

Malawi (1977)*

out a separate economic evaluation after the physical 

evaluation. Veldkamp (i960, 1979), in his land evaluation

characteristics,

was clearly shown by the work of Young and Goldsmith in
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The following basic elements: land, crops and management
levels will be defined and discussed in the paragraphs 5«1»2
and 5*1.3 respectively. In paragraph 3.5 the deteimination

of the suitability is outlined.

The object and purpose of this study is to rate and

evaluate the land use possibilities for food and cash crops.

Each crop will be studied to relate its growth requirements

to land qualities of the mapping units and management levels

resulting in a suitability determination.

5.1 o2 Land qualities:

In this study land is considered on the basis of land •

A land quality is defined by(FAO .,1976qualities.

in a manner distinct from the action of other land qualities
in its influence on the suitability of land for specific kinds

single)
with a di rent relation to crop growth or perforaance. Mutual
independence is assumed between the different land qualities
although characteristics used to identify one land quality may

In table 16 the land qualitiesbe used to identify another.
relevant to the Kapini area are listed.

of use. it is a characteristic'of land (compound or

and, Seek and
and Bermema f 1972) as a complex attribute of land which acts
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Table 16:
Availability of nutrients.
Availability of moisture.
Availability of oxygen in the rooting zone.
Impendiment of root development.
Presence of surface stones and rock outcrops.
Presence of surface flooding.
Soil erodibility.
Workability.

The land qualities availability of oxygen and presence

of surface flooding are dealt seperately because they affect

land utilization types in a slightly different manner*

The study area is considered to have a homogenous climate

The crops chosen for the landdue to its limited extent*

evaluation are suited to this climatic region and therefore

the fnl 1 nwing land qualities related to climate have not

temperature regimes, radiation energy andbeen included:
photoperiod, climate hazards affecting plant growth, air
hnmi di ty as affecting plant growth and drying periods for

No elements were found in toxic amounts,ripening of crops.
hence all land qualities related to soil toxicity, salinity

(P.A.0.,1976,
Peek and Bennema, 1972).
or alkalinity were not considered relevant.

Relevant land qualities of the Kapinj, area
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5. Land utilisation types:

kind of land use described in a degree of detail than that

defined under a management level. Three management levels

have been distinguished on the basis of:

(a) technology employed
(b) intensity of labour, and capital

(c) level of technical know-how of the farmers
(d) farm sizes
(e) infra-structure
(f) income level.

Three management levels have been distinguished; trad-
Table 18 outlines thoi ti onai t intermediate and commercial.

major differences between the three levels.

Use possibilities for forestry, livestock, fisheries,
hunting and tourism or recreation have not been considered*
The study is concerned only with use possibilities for a few
selected agricultural food and cash crops (table 17). The
key attributes related to the land utilization types include
both the crops and management levels (table 18). An attribute
is an inherent characteristic within a land utilisation typo*

It can not be separated from it and is used to distinguish the

land utilisation type*

A land utilisation type is defined by FAO (1976) as a

of a major kind of use. Each land utilization type is
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Table 17s The crops considereddin thia study?

Name of crop Scientific Name

Maize Zea mays
Cotton Gossypium hirsutunr.

Wheat TritiCum Aestivum
Groundnuts Arachys hypogea
Tomato lycopersioon esculentum
Citrus Citrus spp

5 o i o4 Determination of suitability?

The detexmination of suitability follows the following
steps: rating, matching process, suitability class of each
land quality and the final suitability rating of the mapping
unit as derived from the most limiting land quality. These
steps are described gnd explained below:

5.1.4.1 Rating:

This is the stage at which the factors used in land

mapping unit are given a weighed value. This value can be
expressed in qualitative texms (i.e. low, high, moderate,
good or bad) The
value given either qualitative or quantitative, expresses the

importance of a certain class limit within one land evaluation

factor or attribute in texms of crop production. This procedure

or in quantitative texms (i.e. 1, 4, 6, 2).

evaluation for the final realisation of a suitability claasr.of" a
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is called Rating. It is done on both the land qualities and
suitability requirement in each land utilisation types. The
land quality rating ranges from 1 to 4. Rating 1 is the most
favourable and rating 4 is the least favourable. AU land

was followed in rating the land qualities that are affected

by several characteristics. The several characteristics that

affect a land quality were pooled together by summation or

multiplicative methods to realise the final rating for that

land quality.

The suitability rating of a land utilization type
depends on the most limiting land quality. Each land
utilization type has specific land quality rating require—

The requirements of a land utilisation type are aments.
set of land qualities which detemine the production and
management conditions of a specific land utilisation type.
For a mapping unit to fall in the suitability class of a land
utilisation types it must satisfy its requirements or be
better, hence the matching process.

5.1.4.2 Matching process:
EAO (1976) defines matching as the process of mutual

adaptation and adjustment of the descriptions of land utili­
sation types and the known land qualities.

qualities are rated from each mapping unit. A complex way
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The matching process; is carried out after the rat-i ng
process to compare the land quail ti es of the 1 and mapping
units with the requirements of the land utilisation i^ypes.
This comparison is facilitated by expressing the requirements
of each land utilisation type in a rating system identical to
that used for land. The matching process leads to the deter­
mination of the suitability of land utilisation types in each
mapping unit.

5.1o4o3 Suitability;

land suitability is defined by FAO (1976) as the fitness-
of a given type of land for a specified kind of land use»: In
this study two types of suitability are described. The first-
suitability or sub-suitability is the suitability of a type of
land utilisation type as related to one land quality. The
second type of suitability is the overall suitability which is
determined by the most limiting land quality as expressed by
pooling all sub-suitabilities.

Table 19:

Land having no significant limit—Jlass S1 highly suitable:
ation to sustained application of

!
a given use, or only minor limit­
ations that will not significantly

Description of the Land-Suitability classes as given by 

?A0 (1976) and its structure (Table 20) =___________
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reduce productivity or benefits

and will not raise inputs above an

acceptable level*

Class S2 moderately suitable: land having limitations which in

aggregate are moderately severe for

sustained application of a given use;

the limitations will reduce product­

ivity or benefits and increase

required inputs to the extent that:

the overall advantage to be gained

from the use, although still

inferior to that expected on class S1

land*

Iflarginaly suitable: land having limitations which inI Class  SJ

aggregate are severe for sustained

applications of a given use and will

so reduce productivity or benefits,

or increase required inputs, that

this expenditure will be only margi­

nally justified*

land having limitations whichClass N1 currently not suitable:
may be surmountable in time but which
can not be corrected with existing

attractive, will be appreciably
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knowledge at current acceptable cost‘d
the limitations are so severe as to
preclude successful sustained use of
the land in the given manner ••

Class U2 permanently not suitable: Sand- having 1 iml tat inns
which appear so severe as to preclude
any possibilities of successful sus­
tained. use of the land in the given:
manner.

Structure of Suitability Classification (after P.A.O. 1^7^)

Sub-Cl'a£. UnitOrder? Class

S2e—1S2mS1

S2e—2S2eS2S-Suitable

S2me. etc*S3 • . :

Kim;HI

K?-Hdt suitable;

HieH2

iJB: the system is fully explained in Chapter 5.2 on the page that
follows (p. 12ft).'

I

'Table 20:
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5.2. them):

The results of land evaluation are f 1 n«1 iy expressed in
tables that show the suitability of land utilization types in

evaluation. Firstly a table giving the rating of a land
quality is given. It also shows the mapping unit that meet.
the requirement for a high or low rating.

Taking into consideration the minimum requirements for
a land quality in each land utilisation type (class), a second
table showing the relationship between land requirements and

The second table gives the ratingcrop requirements is given.
that is required for a particular crop to be given a high

Sj). The third table is a result of-thematching between the

third table gives the final suitability of each land utilization
type (crop) in each mapping unit.

For' a land quality that affect crops differently, a seperate
but same suitability rating procedure is done depending on how

i.e. available moisture capacity isthe crop is affected.
rated seperately for deep rooting crops, moderately deep rooting

The final suitability is alsocrops and shallow rooting crops.
considered seperately in each mapping unit.

The suitability tables (and how to use

suitability class (i.e. S1) or a low suitability class (i.e.

land quality rating in. each mapping unit (1st table). The

each mapping unit. Basically 4 tables are given in each
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j

The 4th set of tables gives

ratings for each lard utilisation type (as shown in the 3rd table) •

The summary tables show the current and potenti al suitability.

Current suitability is a suitability classification based on the

suitability of land for a specified, land utilisation type in its

ntial suitability is a suitability classification based on the suit­

ability of land for a given use after specified major land improve-

In each summary table,' for each land utilisation type, is given

determined by the most limiting land quality which is indicated by

The overalla lower

rating also gives the degree of limitation to productivity and manage-

This is shown by an arabic numberment requirements at unit level..

following a hyphen (i.e.- S2m-1).’

Determination of land qualities:5.2.1

Tn this section is discussed, the determination of the land
Their impact on management is also discussed together1qualities..

with the effect on crop requirements»

5.2.2 Availability of moisture:

Available water is determined using the concept of available

water holding capacity (A.W.C.). Since the climate is homogenous

and ail the soil mapping units occur in ones

meats have been completed where necessary (PAO, 1976)*

a summary of the final suitability

case letter (i.e. S2m) at sub class level.

the overall suitability ratings. The overall suitability rating is

present condition, without major land improvements (MO 1976). Dote—
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(Bunyolo et al..1980). Agro-climateagro - climatic- .zaast.

was not taken as a determinant factor»

Determination of A.W.C.

A.W.C. is determined for each soil horizon. The following

formula is used for its calculation per horizon (after
Veldkamp 1980).:

Where

Delta pF is the difference of moisture content at pF
2.5 and pF 4.2 (field capacity and wilting point
respectively)•

i G is the gravel content (weight %)

Specific A.W.C, and its calculation:

The concept of specific A.W.C. is included to cater

for the calculation of specific moisture needs for different

In this concept the rooting depth of crops is extremelycrops.
important.

- for shallow rooting crops

- for deep rooting crops

A.W.C. = delta pF. d . (100 - G/100)« s
A.W.C. is the available water holding capacity in vol. %

ds is the bulk density (g/cnr)

AWC, d

AWC s

AWC for very deep rooting crops vd



~ 131

The relevant available moisture decreases with the depth at

plant roots of a specified crop do not occur the avail ahi» mo.isture

comes irrelevant, hence the decreasing coefficients with depth*

(The coefficients

Coefficients for the calculation of specific A'.7C: (AJ7Cg, AWC^, AJTC^)

The co-efficients are meant to show, in a decreasing manner

the importance of AWC for every 10 cm increase in soil depth, for

the shall nw, deep and very deep rooting crops (Table 21 )• The

significantly important for thedeepest depth at which AY/'G is

different crops has been estimated- at the following depthst

60 cm per shallow rooting crops

90 cm per deep rooting crops

150 cm per very deep rooting crops

The co-efficient are given in table 5 for each 10 cm increase?

in depth, for each shallow, deep and very deep rooting crops. The

specific A .W.C. for each type of crop, depending on rooting depth

(AWO . AWC,, AWC,), is calculated', using the following f ormular: sJ a.' vu ’

Specific AWC (AWCg, AWC^, AWC ),is then calculated using AWO calcu­
lated per soil horizon and a soil moisture coefficient as the major

are discussed below)factor o

which the roots of a crop becomes fewer. At a depth at which the

can not be utilised by the plant. At this depth soil moisture be—
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Table 21: Co~efficient3 used in the calculation of specific A.W.G.

(AWC , AWC,, AWC ) sr dy vd

Very deep (vd)Depth (cm) Shallow(s) Deep (d)

0 10 1.0 T.0 1.0

10 20 1.0 1.0 1.0

20 30 1.00.9 1.0

30 40 0.90.5 0.8

0.6 0.7550 0.3

0.650 « 60 0.1 0.4

60 0.50.270 0.0

70 0.15 0.40.080co

0.1 0.3580 90 0.0

0.30.090 - 100 0.0

0.20.0100 - 110 0.0

0.150.0110 - 120 0.0

0.10.0120 - 130 0.0

0.050.0130 - 140 0.0

0.050.0140 - 150 0.0

0.00.00.0

d, orrvd) =sAWC (s,

where a is the coefficient given in table 21
where b is the AWC calculcated per soil horizon
where n is the number of horizons for each rooting class:
6 for sb al 1 nw rooting, 9 for deep rooting and 15 for very deep
rooting crops.

AWC is finally given in nun.

40 <=

"TV ... a .b . n n

150 - 160
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Rating- ^Tapping units

less: than 40'. 4
40 <= 50 52, 222

Greater than 50 32,33,31,41,42,11,12,601

vs-n-irrum. land quality ratin- requirement for shallow rootingTable 25’4

CropBating

Tcsata2

Vin-imm suitability requirement for shallow rooting cropsTable 2^d:

(tomatoea):

Suitability

1S1

1S2

2

3n
42T2

Table 221 Rating of A7FC (for shallow -mn-h-irg crops (tomato;): s

ATTC^ (eh)

crons (tomatoes):

Rating
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Table 24: Pinal suitability rating for the land quality availability
of moisture for shallow rooting crops

For shallow rooting crops (tomato)Mapping unit

11 S1
12 S1
22 S3
32 S1
33 S1

S131
41 S1

S142
S352
S160

Ra-Mng of AWC^ (for deep rooting crops) Maize, Wheat and G/nutsTable 25:

Mapping unitsRating

52, 22Less than 50 3

33,31,11,1250 2100

32,41,42,60Greater than 100 1

AWC, (mm) a.
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The crops will have the lowest suitability class (S3)

class when they have a favourable
as indicated in table 26.

Table 26s Suitability requirements for maize, wheat and groundnuts:

Suitability Maize Y/heat Groundnuts

S1 11 1

S2 211

3S3 22

43KI 3

4H2 4

Table 27:

groundnuts;WheatMapping unit Maize

S2

S3
S3 
in
S1
S3
S3
S1
S1

S2
S2
S3
S1
S2
S2
S1
S1
S3
S1

11
12
22
32
33
31
41
42
52
60

S3
S3
H.1
S1
S3
S3
S1
S1
m
S2

or high rating (i.e. 1 or 2)

Pinal suitability rating for the land quality availability 
of moisture for deep rooting crops (Matching process)

when they have a low rating (i.e. 3) and a high suitability
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Table 28: for very deep rooting crops (cotton

and citrus)

(mm) Rating Mapping units

Less than WO 3 52, 22, 31

100 120 32, 33, 11, 122

41, 42, 60Greater than; 120 1

The very deep rooting crops will have the lowest land suit*

ability class (i.e. S3) in the mapping units that have a rating of

3 and higher suitability ratings respectively for the mapping units

with high ratings (i.e. 1 or 2) as indicated in table 29«

CitrusCottonSuitability

11ST

22S2

33S3

44N.1

H2

Table 29:. Suitability requirements (cotton and citrus):

Rating of AWC, .yd

AWC , vd
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Table 30: Final suitability rating for the land quality availability
of moisture for very deep rooting crops:

Mapping units Cotton Citrus

11 S2 S2
12 S2 S2
22 S3 S3
32 S2 S2
33 S2S2

S351 S3
S141 S1
S1S142
S3S352
S1S160

5.2.3

evaluation exercise there is a variation in their oxygen re- /

quiremen-t. For example maiae and tomato react very strongly

to- lack of aeration, while cotton and groundnuts are more

tolerant.

wide had been

Availability of oxygen:

Among the plants that have been selected for this land

the rainy season.

sunk into the ground through drilled auger holes.

Actual ground water level measurements were made during

Perforate tubes of 1 meter long and 5 cm
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given ±o the soil drainage class of the different mapping
Farmers say that mapping units 41 and 42 can indeedunits.

Literature (about Chisambabe wet. during some wet years.

area) also indicates wetness problem in the area. The occur­

rence of surface water logging is kept seperate from the land

separate land quality.

Table 31? Rating availability of oxygen for shallow and deep rooting

croos:

Mapping unitsDrainage Rating

1

42, 412

604

However, no groundwater was observed in any of the tubes, 
because of low rainfall. Therefore a qualitative rati ng is

Poorly drained; water 
within 1 m with many gray 
mottles

Moderately well drained; 
no water logging within 
1 m but red mottles occur 
within 1 m.

Well drained;
no water logging 
and no gray mottles 
and red mottles 
within 1 m.

quality availability of oxygen and will be discussed as a

11, 12, 22, 32, 33
52, 31
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Below (table 32) is the weighed match-i ng process showing

the relationship between land requirements and crop regni rements,

Table 32:

G/mtsSuitability Y/heatMaize Tomato
S1 1

1

N2

Table 33:

G/Buts TomatoWheatMapping units Maize

S1

Crop requirements for land quality availability of oxygen, 

(shallow and deep rooting crops)

S3
S3
S1

N2

S1
S1

S1
S1
S1

2

3
4

S1
S1
S1

2
3
4

1
1

S1
S1

S3 
S3 
S1 
N2

S1
S1
S1
S1

2

3
4

1
1

S1
S1
S1

S1

1
1

2

3
4

S1
S1
S1
S3
S3
S1 ’

N2

S1
S1

S3
S3
S1

H2

S2

S3.
Bl

11
12
22
32

33
3.1
41
42
52
60

Final suitability rating for the land quality availability 

of oxygen (shallow and deep rooting crops):
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Drainage Rating Mapping units

33, 31, 32, 52, 221

11, 12, 41, 422

60Poorly drained as above 4

Rating 2 is the minimum that is required for cotton

and fruits to perfora well as shown in table 35 •

tents for cotton and fruitsMinimum suitability requirTable 35:

CitrusCottonSuitability

11S1

11S2

22S3

53in

44IT2

Moderately well drained 
as above

Well drained as 
explained in table 31

Table 34: Rating of availability of oxygen for very deep rooting 

crops (cotton/fruits)
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Table 56:

Mapping unit Cotton Citrus

S311 S3
12 S3 S3

S1 S122
S132 S1
S1S133
S1S131
S3S341
S3S342
S1S152

60

Land quality soil fertility:5.2.5
This quality has been rated or evaluated in various ways

Th-i a is usually so because of the avail-by several workers.

study area.
in the tropical valleys of Nigeria^ based his soil fertility

lord quality evaluation on the natural availability of nutrients,

He discusses the various nutritive

chemical elements that are necessary for crop production and

ability or the importance of certain data within a particular 

Veldkamp (1978), in a land evaluation case study

Pinal suitability rating for the land quality availability 

of oxygen (cotton and fruits)

so called natural fertility.

*2 S2
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rates them for the final suitability rating for the land quality

soil fertility e.g. Nitrogen, Phosphorus, Potassium and Sulphur*.

He then followed this up to see the response of crops to applied

nutrients. AH rating were. done qualitatively.

Chinene (.1980) in an attempt to follow the PAO frame work .

for land evaluation bases his availab-H Ity of nutrient 1 and quallt;

evaluation and rating on CEO and an assumed presence of few

In this land evaluation study several characteristics that

effect the land quality soil fertility have been rated separately•-

They are put together by summation method for the final rating of

retention is expressed in the rating of the characteristic ’CEO*

nutrients within the soil is expressed by the presence of'

weatherable mi nerals in the soil as quantified from X—ray

Soil reaction and ’P’ fixation are expressed.defractograms •

related, characteristics as separate land qualities e.g. Iron

Toxicity, ’P* Pixation, Salinity and Acid Sulphate conditions*

less intensive study in Sierra Leone and Liberia, Veldkamp (1980) 

used averaged effective cation exchange capacity (CJS.C.) (Soil.

is expressed in the rating of the characteristic ’BSP1* Nutrient

the soil, fertility land quality. The nutrient status of the soil

and clay), Al-ratio and Gravel content. He uses other fertility

and ,!clay type.* • The release of nutrients or replenishment o£

nutrients because the soil is highly weathered(?)• In another
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from pH. Other important nutrients such as .nitrogen Are

flooding and water stagnation or aeration.

The evaluation is then related to the performance of
Maize using two management levels on two of the most

extensive and important mapping units (11 and 41). It can
he seen that the concept of soil fertility as evaluated in
•this study corresponds to that of Veldkamp (1980) and that.
of the soil science society of America (1971) who define it
as the status of a soil with respect to the amount and ava-i 1 -
ability to plants of elements necessary to plant growth, and

that enables the soil to provide the proper balance for the
growth of specific plants when other factors such as light,
temperature, moisture and the physical conditions of the soil
are favourable.

The fertility land quality could not be rated directly
as it involved many attributes such as pH, BSP, CEO, presence
of weatherable minerals, clay type and ? fixation. The rating
of the soil fertility land quality was done by sub-rating the

claycharacteristics•

mineral type, weatherable minerals and P fixation are rated,

respectively, below to yield the final rating of the land

quality and fertility.

The characteristics pH, B.S.P., C.3.C.,

as defined by the soil survey manual (1951), as the quality

expressed within the framework of such land qualities as
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pH,H20 (1:5):

pH- controls the availability, toxicity, and preferetial
up take of nutrients.

Table 37s pH fertility characteristic:

Rating Rating occurs in mapping units

4.5 - 5o5 4 52

5.5 - 5oS 52, 22, 422

51, 55, 41, 11, 12, 601

Base saturation percentage (BSP) (Fertility characteristic)Table 58:

Rating occurs in mapping unitsBSP Rating

11, 12, 41, 60, 22100 - 50 1

52, 52, 35, 5150 - 35 2

Less than 35 325

B.S.P. gives an indication of nutrient availability in relation

to the dorni nannp of cations on the exchange complex.

Greater than
5.9

and HO but 2

PH (H20)

It was measured in Ca Cl„ 2
the rating given here is that of H^O measurements.
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Cation exchange capacity (CEC) me~ IQOgy'clay fertility character—

istic:

C.E.C. indicates that applied nutrients will be retained.

by the soil and not rapidily lost by leaching*

Table 39; C.E.C. fertility characteristic;

me lOOg/olay Hating

Less than 10 4 32

10 16 33,31,11,123

41, 4216 24 2

1Greater than 24

Clay Mineral components:

The clay mi neral component of the soil may indicate the general
It was expected that the clay mineral componentsbehaviour of the soil.

would be reflected by the cation exchange capacity levels in the soil.
It was, however, found that even when clay minerals that would generally
give high CEC were present no high CEC was recorded. This may indicate

Hating occurs in 
mapping units

a deficiency in the method of analysis.

22, 52, 60
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Table 40: Clay mineral conponent fertility character!Stic

Rating Mapping units

4 32, 33, 31, .

2 22, 52

11, 12, 601

Presence of weatherable minerals in the fine sand fraction:

This may give an indication of the future fertility status of

Presence of weatherable minerals fertility characteristic:Table 41:

RatingV/eatherable minerals
mapping units

11, 60, 121Micas, smectites, illite

2Micas,illite

324None

Clay mineral 
components

- Kaolinite,illite 
HsLloysite

- Kaolinite, 
Traces of illite

- Kaolinite,illite 
smectites

the soil®

41, 42,

33, 31, 22, 52, 41, 42
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lPl Fixation!

This is indicated by the presence of the oxides,. pH

and clay content. Phosphate fixation is the removal of

soluble phosphate ions to form a precipitate. It was assumed

that low pH values make aluminium and iron active in *P*

fixation while high pH values necessitate the activity of

calcium in ’P* fixation. The following results were obtained

for the top 30 cm (table 42).

Table 42s fP{ Fix&tion fertility characteristic

Rating

All mapping unitsGreater than 5 1

Less than 5 322

Final rating for the land quality soil fertility (table 43)?

This is achieved by the summation of all sub-rating.

Table 43: Final rating for the land quality soil fertility

Mapping unitsFinal rating

60Less than 6 1

11, 12, 22, 41, 42, 526-12 2

53, 31312 -15:

52415 -18

Sum rating of 
sub ratings

Rating occurs in mapping 
units

PH (ET20)
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Table 44: Crop minimum rating requirements for the different

characteristics:

G/nutsMaize Wheat Cotton Citrus Tomato

PH 2 12 2 33

BSP 2 3-2 2 2 3

CEC 2 3 32 2 3

Clay nLlnej'al 3 32 32 2

Weatherable minerals 33 322 2

ipr 33 3222

18*15 18-Sum rating 1212 12

443Rating requirement 22 2

The sum rati ng for crops ’when compared to the sum rating
of the land quality shows that the crop is not suited below

Thus maize is more suited in the rangeits sum rating figure.
12-15 up to the range less than 6 but it is not suited in the

The suitability ratings are shown in table 45.range 15—18

Suitability renuirements for fertility:Table 45:

G/nuts Citrus TomatoesCottonWheat.Suitability Maize

1 1 1111S1
22 2.111S2

. 222

N2

S3 
in 3'

4 4
3
4

3
4

3.
4

3
4
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Table 46; Suitability rating for various land utilisation types for

the land quality soil fertility:

G/nutsMapping Unit Maize WheatCotton Tomatoes Citrus
11 S3 S3 S3 S2 S2S2
12 S3 S3 S3 S2 S2 S2
22 S3 S2S3 S3 S2 S2
32 MlN2 M1M2 M2 M1

Ml S333 HI S3H1 S3
S3HI S3Ml Ml S331

S2 S241 S3 S2S3 S3
S2S2S242 S3S3 S3
S2S2S2S352 S3S3
S1S1S1 S1S160 S1

Tmoedlnient..- of root development:5.2.5

For the rating, of this land quality the following

soil depth, gravel content, and presencefactors are useds

of heavy clay layer in which water movement is restricted

In case where the plant roots can reachwithin 100 cm depth.

the water at relatively shallow depth soil depth is not

considered important.
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Soil Depth:

Ta ole 47: Rating the land quality impendment to root development;

soil depth characteristic

Soil depth (cm) Pat-i ng

Less than 25 4 52

25 50 3 31, 22

33, 122

52, 41, 42, 11, 60Greater than 100 1

Gravel content characteristic in root development'Table 48s

Gravel content % Rating

11, 32, 41, 42, 601Non

50% 22, 53, 31, 12225

523Greater than 50

Rating occurs in 
mapping units

Rating occurs in 
mapping units

50 - 100
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Table 49s Clay layer ‘.impeding water movement characteristic

Depth cm Rating Mapping units

0 80 2 11, 12

Greater than 80 1 ■the rest

Table 50s

 

Final rating Mapping units

42, 603 or less 1
33, 114 5 2

6 31, 22, 1237
524More than 7

Table 51:

G/nuts TomatoesOrangesCottonWheatCharacteristic Maize

213152Depth

22 222Gravel content 2

1 2211 2

64747Sum rating 5

33 225.2Final rating

N.B:

Clay layer
Empending
water 

Final ratings and sum ratings of the land quality and land 
utilisation types are espressed in some numerical ranges (figures).

Sum rating of
sub-ratings 

Crop minimum rating requirements for the different 
characteristics:

Final rating for the land quality impediment to root 
development:

32, 41,
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Table 52:

Suitability G/nutsMaize Wheat Cotton Tomato Fruits

S1 1• 1 1 1 1 1
S2 1 2 1 12 2
S3 2 2 2 2 22
in 3 3 3. 33 3
N2 4 44

Table 53 J

G/nutsWheatCottonMapping units Maize

S3S2S2S2S311 S3

HIS3S3S3niN112

inS3S3S3NIN122

S1S1S1S1S1S132

S2 S3S2S2S3S333

HI- NIS3S3S3Ni31

S1S1 S1S1S1S141

S1S1S1S1S1S142

NI NI N2H2N2N252

S1 S1S1S1S160 S1

IMJt]the land quality 
process)•

Tomato ■ Fruits
(oranges)

Suitability requirement for the land quality impedment 
to root development:

Suitability rating for various land utilisation types for 
edipent to 1700development (matching
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5.2.6 Presence of surface stones and rock outcrops:

For this land quality the rating is "based on the percent­

age of land occupied by stones, rocks arid boulders, singularly or in

combination. These are generaly known as rock outcrops»

The crop requirements for this land quality pose a problem

since they are really an expression of the management levels needed

as this land quality is a hinderance to cultivation and not, to

crop growth. Hence, the procedure here will be to rate the land
quality itself and also rate the management levels vis a vis
traditional, intermediate and commercial.

Rating the land quality presence of surface stones andTable 54s

/pock-outcrops;

Rock outcrops % Mapping unitsRating

Less than 5% 32, 41, 42, 11, 12, 601

20% 3325

30% 31, 22320

Greater than 30% 524
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Interpretation of theTable 55: crop minimum requirement a for the

classes.

Suitability Traditional. Intermediate Commercial.

Citrus Citrus

S1 1 1

S2 121

S3 111 22 5

22m 5245

3 343U2 4

Final suitability rating for the land quality presenceTable 56:

Commercial.Intermediate.Traditional

Citrus

S2 S3S3S111 S2
S3S2 S3S3S112 S2
H2HI H2H222 S22T1
H2H1 H2H232 S3hi

S3 JT1HIHIS233 S3
HI H2H2HI31 S3H1
S2 S3 S3S341 S1S2
S2S3S142 S2
H2FlHI52 H2

S3S2 S3S3S160 S2

S3
HI

S3 
HI

Mapping­
units Cereal & 

Veg.

Cereal. <E: 
Veg.

Cereals & 
Veg.

Cereals & 
Veg.

Citrus Cereals & Citrus 
Veg.

Cereals Citrus
Veg.

of surface stones and rock (out-crops):

.land quality presence of rock out-crops into suitability
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5.2.7 Flooding land quality:

Flooding ia a complementary land quality to the avail­

ability of oxygen land quality. Flooding can affect crop

production within a very short time. For example, flooding

reduces availability of oxygen in the soil to zero within

1 to 2 days of flooding and nitrogen availability is greatly

affected. The aerobic microorganisms worsen the situation by

rapidly using all the oxygen that may be present in the soil.

When flooding occurs, replenishment of oxygen by way of

diffusion through the water to the soil is also

Thesecation of anaerobic and facultative anaerobic bacteria.

fi i rib ay reduce a variety of other components, using, not

oxygen, but other rm’di zing elements to reduce such elements as

Hence, although nitrates might be present in smallnitrates.

amounts after flooding, the work of these micro-faunna completely

reduces it.

is especially important for mapping units with heavy clay
throughout the profile, and which lay on flat to very flat land.

The land quality presence of flooding and discharge stag­
nation is intended for areas where flooding (surface water)

atmospheric 0^

very slow such that it can not match the rate at which oxygin.

occurs and water is stagnated for one or more days due to slow

drainage discharge, laterally or vertically^ This land quality

soil, anaerobic condition set in,; this stimulates the multipli-

is being exhausted in soil. With zero amounts of oxygen in the
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The final suitability ratings that will be real 1 -ned by

be sub-rated and

Table 57: The observed flooding

Rating Mapping units

42, 41, 603

All other units1

!fhe slope characteristic in the flooding land quality:Table 58:

Slope % Mapping unitsRating
41, 6030 2
All other units13 5

Table 59:

Mapping unitsRatingDrainage

All units1Well

41, 422Moderate

60Poor 4

Flooding rain water for 
more than one day

Observed flooding
1 season

The Internal drainage characteristic in the flooding land 

quality:

For this land quality the characteristics, observed flooding 

(seasonal),' slope

Rating the flooding land quality, 
characteristic:

Flooding rain water stagnates 
for less than 2 hours (flash 
floods)

tnis land quality should only be used during the rainy season*

and drainage (internal) will 

summed for the final rating/
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Table 60:

Final rating Mapping units

3 All units1

8 41, 422

604

Table 51 s

TomatoesCitrusMaize GroundnutsY/heat Cotton

2222 22

Table 62:

G/nuts Citrus TomatoCottonWheatSuitability Maize

1 1111S1 1

1 1111S2

2 2222S3 2

3 33333N1

444444112

Sum rating of 
sub ratings

Final rating for the land quality presence of flooding 
and discharge stagnation:

More than 8

Crop requirements for the land quality presence of flooding 
and discharge stagnation:

Suitability rating requirements for the land quality presence 
of flooding and discharge stagnation into suitability classes:
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Table 631 Suitability rating for various land utilisation types:

Suitability G/nutsMaize Wheat Cotton Orange Tomato

11 S1S1 S1 S1 S1 S1

12 S1 S1 S1S1 S1 S1

22 S1 S1 S1S1 S1S1

S1 S132 S1 S1S1 S1

S1 S133 S1 S1S1 S1

S1 S1S1S131 S1 S1

S3S3S3S341 S3S3

S1 S1S1S1S142 S1

S1S1. S1' S1S1S152

1T2N2N2H260 H2Jff2

5.2.8 Workability land quality:
For this land quality the following soil characteristics

are used:
The plasticity index is the moisture at which soil can be
used well without rapturing,paddling or distroying its
structure*

Stickness limit - this is the moisture at which the soil
becomes sticky and difficult to use with machinery and
other agricultural tools*

These characteristics are sub-rated and then summed up to
give the final land quality rating.
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Table 64:

Rating Mapping units

0 2 4 33, 31

43 3

4 8 33, 11, 122

Greater than.8 1 41, 42

Sticky-limit characteristic in workability land quality:Table 65:

Mapping unitsRating

41, 42410 - 14

22, 52, 11, 12, 33215 - 20

33, 311Greater than 20

Low stick limits indicates that the soil gets sticky and difficult
High values indicate thatto work at relatively low moisture level*

the soil does not easily become sticky except at high moisture levels.

Plastic index 
0-40 cm depth

low plastic index indicates that the soil structure can easily be 
destroyed or paddled while high plastic index indicates that the soil 
can be worked at a wide moisture range without any danger of damaging 
to its structure.

Stick limit: 
0 - 40 cm

Rating workability land quality. Plastic index 
characteristic:

22, 52
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Table 66: Final rating of the land quality workability:

Sum of sub-ratings Final ratings Mapping units
2 4 1 11, 12, 31

5 7 2 41,42,22,52,32,33

8 4

Table 67s Land utilisation requirements for the land quality workability:

Traditional CommercialIntermediate

FruitsFruitsFruits

2 22 222

Interpretation of the crop minimum requirements for the landTables 68:
Quality workability into suitability class:

Commercial.IntermediateTraditionalSuitability

Citrus

1 1 11S1 11

11 1111S2

2 2 222S3 2

3 3 333H1 3

4 4 4444N2

Cereals & 
Veg.

Cereals &. Citrus 
Veg.

Cereals & 
Veg.

Cereals & Citrus 
Veg.

Cereals & 
Veg.

Cereals & 
Veg.
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Table 69:

Traditional Intermediate Commercial
Fruits Fruits Fruits

11 S1 S1 SI .. S1 S1 S1
12 S1 S1 S1 S1 S1 S1
22 S3 S3S3 S3 S3S3
32 S3 S3 S3 S3 S3S3

S333 S3 S3S3 S3S3
S1 S1S131 SI S1 S1
S3 S3S341 S3S3

S3S3S342 S3S3 S3
S3S3S352 S3S3 S3
H2M2M260 xT2M2N2

Soil erodibility land quality:5.2.9

The assessment of susceptability to erosion can be very

complicated v/hen using all environmental factors that affect

The most common way of assessing soil erosionsoil erosion.

(w~i anhp.mei r and Smith 1966). Besides the USEE?soil erodibility
equation indices have been formulated,, some of which are shoY/n
below:

is through equations that use certain indices or indicators 

of erosion i.e. the Universal soil loss equation (USIE)

Cereals & 
Veg.

Cereals & 
Veg.

Cereals & 
Veg.

Final suitability ratings for the land quality workabjl 1 ty
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Dispersion ration (Middleton 1930)
Erosion ratio (Middleton 1930)
Clay ratio
Surface aggregates (WSA) J mm - 0.5 m
Slaking loss/water stable aggregates above 2mm

Slaking loss

Moisture equivalent; above 2nm

used for the assessment of the land quality soil erodibility

together with slope and soil depth. Most of the indices were

found to be unsuitable because thej contradicted observed

erosion on the different soil mapping units.

Erosion susceptability (ES) 0-40 cm depth;

This index assumes that clay and coarse sandy are less

erodible than fine sand and silt. Clay has high adhesiveness

while sand is too heavy to be easily moved by water* Experience -
in Zambia (Mclean 1971, soil survey unit 1968 - 1982) shows that
soil with a high % of fine sand and silt are more erodible.
Erosion susceptability (E.S.) in this index is expressed as:

EfS.

Dry aggregates stability (D.S.A.) 2.3 mm

% clay + Coarse sand 
~ °/o silt + c/o Fine sand

In this land evaluation,another erodibility index simply 
called erosion susceptability (E.S.) has been coined and it is
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A.high figure indicates that the soil is less susceptable to erosion.

Table 70: Erosion susceptability in erodibility land quality:

E.S. Hating Happing units

less than 1 3 33, 42, 41

1 1 o40 2 11, 12, 31, 32

Greats?? than 1.40 1

Soil depth as a factor in soil erodibility:

Soil depth characteristic in erodibility land quality:Table 71:

Soil depth (cm) Mapping unitsRating

22, 52, 313Less than 50

1Greater than 50

(

The

greater the slope (steepness and length) the faster the water moves

In the final rating of the landand the greater is soil erosion.

quality erosion susceptability, slope ratings will not be incomparated

This is due to the great effect thatbut by a multiplicative method.

slope has on this land quality.

This works on the principle that shallow soil will get quickly 
saturated with rain water giving rise to water run off which would, 
subsequently erode the soil.

41, 42, 60, 33
11, 12, 32

Slope:
Soil erosion by moving water is mainly a factor of slope.

by the summation method as has been done in the previous land qualities,

22, 52, 60
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A.high, figure indicates that the soil is less susceptable to erosion.

Table 70s Erosion susceptability in erodibility land quality:

E.S. Eating Hhpping units
less than 1 3 33, 42, 41
1 1 o40 2 11, 12, 31, 32
Greats?? than 1.40 1 22, 52, 60

Soil depth characteristic in erodibility land quality:Table 71:

Soil depth (cm) Mapping unitsRating
22, 52, 31Less than 50 3

1Greater than 50

(

The

In the final rating of the landand the greater is soil erosion.

quality erosion susceptability, slope ratings will not be incomparated

by the summation method as has been done in the previous land qualities,

This is due to the great effect thatbut by a multiplicative method.

slope has on this land quality.

This works on the principle that shallow soil will get quickly 
saturated with rain water giving rise to water run off which would, 
subsequently erode the soil.

41, 42, 60, 33
11, 12, 32

Soil depth as a factor in soil erodibility:

Slope:
Soil erosion by moving water is mainly a factor of slope*

greater the slope (steepness and length) the faster the water moves
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Table 72: Slope characteristic in erodibility land quality:

Slope angle % Rating Mapping units

0 1 41, 32, 601

1 3 42, 33, 31, 112

Greater than 3 3 22, 52, 12

Slope length was not taken into account due to the scale of the

Sum rating of erodibility land quality:Table 73?

Pooling of sub-ratings by summation and multiplicative

method i.e. (soil depth + E.S.) x slope.

Mapping unitsRatingSub-rating

60, 321less than 6

11, 416 210

12, 31, 33, 4238 10

22, 524Greater than 10

map o
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Table 74:

Mapping units Suitability class

Current. Potential

11 S2 S1
12
22

S2
32

and final suitability rating tables for all land5.2.10 Sv .ary

utilisation types:

The summary and final suitability rating tables are given

Section 5.2.1 explains how to use and enterpret them.below.

These tables foxm the final results of the land evaluation
exercise followed, in this thesis •

'Mini]

S3
H1
S1

S3

S3
S2

S3
HI
S1

S1
S2

32

S3
S1

N3
S1

31
32

33
41
42
52
60

Pinal suitability for the land quality soil credibility for 
all crops:
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5.1 Management levels and their effect on the final suitability class?

Three management levels were discussed in paragraph 3.3.

These form the framework under which the land utilisation types

are defined. The differences between the three management levels

are related to technology, labour, capital, farm sizes, Infra.

structure and income levels (table 3).

The traditional management level has the lowest inputs of

The commercial management levelthe differentiating attributes.

has the highest input and is the most modem. The intermediate

management level has intermediate input and sophisticatiun in
relation to that of the traditional and commercial levels*

The effect of the management depends on how the farmers can
manipulate the land qualities to their advantage, for example an

the commericial farmers because their farming system is highly
menhani spH so that tractors, ploughs and harvesters can hardly

On the other hand the traditional farmer can still usebe used.

since he can plough in between theirock outcrops usingthe land

Since the final suitability in this study isa hand hoe*

function of the most lifting land quality, the effect of manage­

ment on suitability will be dealt with by looking at how each

management level affects the most limiting land quality in each-

mapping unit.

area with about 50% rock-out crop is of very little interest to
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This section will take into account the possibilities

of minor land improvement by a management level which may lead

to a higher suitability rating.

Oxygen availability:

Traditional: As this has to do with poor drainage conditions,

the traditional farmer can improve the suitability of the land

by draining the land on which the crops will be grown. This

is done by malting ridges and planting on top of the ridges.

This can improve the suitability of the land by one class*

The remedy for the improvement of the land can.Intermediate:

be achieved by planting on ridges but also by constructing

simple drainage canals using hired labour. This can improve

the land by at least one class.

The construction of a good drainage system whichCommercial:

the farmers can afford can raise the suitability of the land

to. the maximum.

Traditional and Intermediate: at these twoRoot development:
levels of management impedment to root development is a big

The local farmers usually get around it by buildingproblem.

ridges and planting on top of them this may not really improve
the suitability class but may improve the yield to some extent.
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Commercial: The commercial farmer may improve the suitability
of the land, by using deep tillage methods in case where the
impedment layer is a clay layer but not when it is hard rock*.

Flooding:

Traditional Intermediate and Commercial:

•j5ie farmer can improve the suitability of his land by more than

a class including his moisture requirements.

Surface stones:

Unless the percentage of surface atones isTraditional:

greater than 80$£ it does not pose a hinderance to cultivation

soil is deep enoughfor the traditional farmer as long as the

Lard with less than surface rocks isfor crops to grow.

well suited at traditional management level.

At these two levels of nanage-Ihtermediate and Commercial:

inert- the occurance of surface stones is a great hazard and.

The stones may damage implementshinderance to cultivation.

and may break the legs of animals used for power traction.

However, suitability class improvement are possible when stone

- jyleking machines are used especially at commercial level.

At these three levels^ 

flooding if controlled and channeled can be of great benefit.
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Workability:
Traditional: Since the traditional fanner does not use heavy

instrument or animal power, workability as defined in this

thesis does not pose a problem.

intermediate and Commercial: When workability is the most

limiting land quality the farmers at these two levels of

management are greatly affected. Land can however be improved

by keeping the moisture level in the soil at levels at which

workability is greatly improved. This can be done by good

The faimers ‘can also avoid the workabilitydrainage practices.

limitation by working the soil only when its not too dry or
too wet.

Erosion:

Water erosion has not been found to greatly affect-Traditional:

This is mainly becausethe traditional farmers in the area.

they do not di sturb the soil so much and their fields are too

small to encourage running water to cause extensive damage.

For erosion 1 imi tation that is not severe, the limitation should

be waived at traditional management level.

Erosion is a big problem forIntermediate and Commercial:

medium and large scale faimers such as those described in these

The conservation and Extension departmentmanagement levels.

for agricultural(conex 196j) made their land capability
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production in the medium and large scale fp-rmi ng area with
emphasis on erosion control. The sizes of the farms and the
tillage practices encourage soil erosion at these two manage­
ment levels. Using soil erosion control measures, such as

contouring, land suitability can be restored to its maximum.

Experiments were carried out to observe performance of

two maize varieties (Traditional variety i.e. Gaankata, and

hybrid variety i.e. Si? 52) at two management levels to augument

the suitability ratings arrived at for each mapping unit in this

land evaluation exercise.

The original i retention was to make a statistical comparison

between management levels and between the performance of the two

Poor germination due to a very dry rain season didvarieties*

Observations were however made on the performancenot allow this.

of the crops that germinated (50%) in relation to the land

The observations results and discussions are donefertility.

according to mapping 11 and 41, respectively.

flapping unit 11:

Observation:

All the seeds had a poor germination percentage

Crop performance on two major mapping units (11, 41 )i

All the crops on this mapping unit suffered moisture 
stress regardless of the management level*

qualities availability of moisture, availability of oxygen, and
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Both the hybrid and the local variety did not suffer

Water was observed to be restricted in movement at: 80 cm.

(4 (90 kg bags per ha).

From the observations made in the experimental plots, the most

limiting land quality in mapping unit 11 is moisture availability

although oxygen availability and restriction to root development

become, important at 82 cms where a heavy clay layer restricts water

The poor yields in the experimental plots and the surroundingmovement.

local farmers fields are an indication that production heavily relies
Interviews with local farmers show

that in times of good rainfall the average yield is 18 bags (90 kg bags
experiment fully support the suitability

availability, root development and oxygen availability are the moist
limiting land qualities respectively.

Japping unit 41:
Observation:

The crops did not suffer from moisture stress

All seed varieties had a poor germination percentage (50*o)

Held was poor in the experimental plots (5 (9Ckg bags) 

per ha) and in the surrounding fields of local farmers

per ha)5# The results of the

rating arrived at in the land evaluation exercise in whiph moisture

from N difficiency when there was too much water as

a result of heavy down pours.

on rainfall, in this mapping unit.



178 -

Both the hybrid and local variety suffered from IT

deficience during flooding caused by heavy raina..

Trafficability to the experimental plots was very difficult.

The yields-were poor in experiment plots (4 bags per ha in

the traditional managed level and 6 bags per ha in the

improved managed level).

Surrounding farmers fieldshad 5 bags per.ha.

A n no rd -i ng to the experiment, moisture availability is not a limiting

good rains flooding is a hazarctasit restricts oxygen and Nitrogen

During- periods of dry spells the soil doesavailability in the soil.

The results of the experiments agreenot suffer from lack of moisture.

with the suitability ratings arrived at in the land evaluation exercise.

Introduction:
The survey was carried out with the aid of a questionaire

and a total of 200 people were interviewed.

Homan resources:

Under this heading is discussed:

level of education

Occupation (interest in agriculture)

language and communication

Tendency towards urbanisation (modernisation)

Socio-economic survey of the Kapini area:

land quality, however the flooding, oxygen availability and workability 

(trafficability) land qualities are the most limiting^ In times of
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Language and communication?

The population of Kapini is composed mainly of people

from the Tonga language group whose dominant sub grouping in

the area is Lenje. The Soli, people live in the neighbouring

chieftain-ships.

is used in the city of Lusaka which lies some 15-25 km from

the study area. ’Town* Hyanja is different from the true Nyanja

that is spoken in the Eastern Province of Zambia in that it

includes many words from English and other local languages

The people of Kapini only usesuch as Tonga, Lozi, and Bemba.

’town* Nyanja for the purpose of communication with strangers and

This shows that the people in the area ofnot in their homes.

It is derogatory for one tosurvey are ethnic - conscious.
Children are rebukedabandon his own language in his own home.

80/5 of those interviewedagainst using town ITyanja at home.

English.

Tendency towards urbanisation (modernisation);

The most important indicators of urbanisation are
language, dress, occupation, family size and contact with new
industrial ideas.

can speak and understand English, 20/5 can speak, understand 

and write English, while 30/5 cannot speak, understand or write

The people of Kapini can converse fluently in Tonga, 

Ila and ’town Nyanja. 'Town Nyanja is the Lingua Franca which
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The fact that most people can speak, write, and understand
English is a good indication of a tencency towards urbanisation of the
Kapini people. Some old people who can not write English but are able

to speak and understand English have either been working in the city

of study at Schools in the city.

Dressing shows that the people of Kapini are moving away from

the traditional dress to the modern dress used in the towns although

and wozten) are often extremely out-dated

These clothes are cheap in town and are compatible within the city.

the pockets of the Kapini people.

Kapini are employed on large farms, at Kapini human development centre

Many people are moving into wage employment in the cityor in town.

industries as the income is more reliable»

Being only some 15-25 kn from Lusaka the people of Kapini are

always in contact with city people and new industrial ideas. The

Kapi ni human development project which is situated within the study

the dresses (used by old men

people have learned the English language at School within the area

area is intended to bring these new ideas to the people.

or on big colonial farms which were owned by Europeans. Host young

Most people in Kapini are self employed. They are mostly 

subsistance farmers (60$), sone are semi commercial farmers (30%), 

while some are commercial farmers (2$). About 8$ of the people in
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The extended, family is only recognised by elderly people in

the area. Most young people support only a nuclear family. The

emergency of advanced modes of production are slowly killing the

extended fam-i ly system.

Level of education:

A good level of education is extremely important factor

in production as it determines the way people are going to?

understand new technology and production economics*... 30$ of the

people interviewed had no education while 70$ have some form

Table 81 shows the levels of education of theof education.

people of Kapini interviewed.

Educational level of Kapini. restdents:Table 81:

RespondentsEducational level

$Humber

60

16

100$200Total

1

52
68

4 
0

30$ 
26$ 
34$ 
8$ 
2$

No education 
lower primary (grades 1-4?) 
Upper Primary (grades 5-7: ) 
Lower Secondary (grades 8-10)
Upper Secondary (grades 11-12) 
Technical or higher

2 = Standard 6
= Standard 2
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The social infrastructure;

Under this heading are discussed the following items;

Social - political organisation
Public utilities and services.

Social - political organisation;

The social - political organisation in the Kapini area

is controlled by both the traditional rulers and the United

national Independence Party (UTTIP). The area of study falls

under chief Mungule and under several headmen, the most.

Both the chief and theimportant of which is headman Kapini.

hpadman are members of U1TIP and work under its guidelines with

The people ofthe help of the elected members of parliament.

Kapini are very political conscious and look up to UNIP to help

them in solving the several economic and social problems that

Apart from UNIP and the traditional rulers socialthey have.

organisation is also being organised on self-help basis by the

people of Kapini through the Kapini human development project.

Public utilities and services;

There is a very low provision of public services in the

The following are discussed under this heading:-study area.

Health
education
water
transport
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; Health:

There is one clinic v/ithin the study area. The clinic is

located at chief Mungulers local courts although most of the

people are within the 12 km radius taken by the National

Commission for Development planning as reasonable distance to

health centre, the centre:-

does not have a doctor

it does not have facilities for keeping very ill patients•-u

it helps only with very small cases

the staff consists of only a medical assistant and a helper

Hence the nearest health centre that is of help to the pee­

ls in Lusaka some 15-25 km' or more away.pie

The human, development project at Kapini having noticed
this poor medical situation in the area, invited the trainee
nursea and medical assistants to come out to Kapini to hold
mobile clinic activities once every week. However, most people
are not aware of this.

Education:
The education situation is much better than the health

There are 6 primary schools in the study areasituation.
The school children have stillteaching up to the 7th grade.

to walk some 6 - 10 Inn to get to the nearest school. There is
also one social welfare centre at Kapini but most people are
not aware of it.
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Y/ater:

Water is drawn from bore holes or water wells'. There is
no piped water and people have to walk some 3 km distances to

get. to the nearest central well. “Although the water in the wells

is good ground water small animals, paper and sticks may fall

in them as several of them are usually not covered. This may

make the water a health hazard.

Transport and roads:

There is only one good road that passes through the study

area from the main Kabwe - Lusaka road to chief Mungule’s local

This road is not well looked after. During the rainycounts.
season it may become very poor and impassable. Accessibility

be greatly improved if the several small roads that criss.—can
cross the study area are maintained.

A few buses are provided for people living in the study
One bus to chief Llungule and one bus to Katuba. Thesearea.

busses are reported to have broken down a very long time ago'.
and the author did not see any bus in the area during the six

The local peoplemonths of intensive work.
mostly use private (pirate) transport (unauthorised carriers)
to get around or they walk.
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Table 82:

Sercices provided People aware
£Number-

100%Clinic 200
40%Kobile clinic 80
•10%Road improvement 20
0%Public transport 0

Welfare centre 80 7°
5%Spraying 10

0.5%Water treatment 1

The above table shows that most of the people in the survey
lib starea are not aware that the services listed above are provided.

people are, however, aware of the clinic services although they complain

All the people are not aware that publicof distance and poor services.

transport in form of buses are provided for transport in the area these

The table below gives an indication of the social services thatdays.

the people in Kapini would like to see provided.

Services that Kapini people desire:Table 83:

People wishesService desired

%Kumber

100School
200Clinic
200

200

80
120

Buses
Better road (maintainance) 
Treatment of water 
Spraying

50%
100%
100%
100%
40%
60%

Awareness of services provided in the study area:
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The most popular services that the people demand (for) in the

Kapini area are clinics, buses and better roads*

Capital and economic resources:

In this section is discussed the following items ’
The description of the most important enterprises-in

the study area and their pattern.

The interprise calender

labour availability and labour requirement for the

important enterprises.

Capital and land tenure.

Enterprise pattern:

The most important crops in the area of study are Maize,
groundnuts, fruits, tomato and cotton. Many other crops
may be more important among some people but this study
has limi ted the important crops to selected subsistence
and commercial crops.

)
Animal husbandly is an important enterprise in the area.
All the farmers interviewed (20) had cattle, some had
pigs and all had chicken.

Maize is the only crop that is grown widely and on large
areas.
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• Description of individual important enterprises:

SR 52 hybrid (maize) is quickly being adopted as the

main variety although some fanners still use local varieties

(i o e• Gaankata)• Other varieties that have been, used are:-
Bioneer 95 an early (shorter) maturing variety. Its dis-

prolonged. ZH-1 has also been used but it is not as popular
as SR 52.

local varieties are used for ITshima’ (hard porridge) and
The local variety named Gaankata owes its name to abeer.

local beer called Gaankata and it is used for brewing this beer.

Hybrid maize is sold to the Rational Agricultural marketing

The maize stover is used as cattle or animal feed in the

Thia is the most profitable enterprise.- dry season.

Groundnuts are mainly used for home consumption while the
surplus is sold locally.

Cotton is a cash crop which is grown by few farmers although
it is quickly becoming popular among the local farmers. High

labour requirements are used during harvesting.

Board (KAMBOARD) although it is quickly replacing local varieties 

as a source of JTshima (hard porridge).

advantages is however that it may ro.t when the rains are
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Every farmer has fruits in his back yard. Mon of these

fruits are grown in what nay be termed a field by normal

standards. The fruits are used for local consumption or are
sold.

Cattle are mainly used for draught power. Some farmers
use cattle manure in their fields. Cattle are a social status
symbol and are not sold anyhow unless; when they are ill, old
or when their is need for money in the family. Farmers milk
their cattle but do not sell the milk. Time of calving is

between November and Liar ch.

Enterprise calender;Table 84:

October:

November:

December:

January:

April:

July:
September:

February:
Liar ch:

Shelling of maize.
Selling of produce.

Harvesting continuous.
Harvesting of maize, sunflower, cotton, sorghum 
and millet continues.

Llay:
June:

The enterprise calender for some farmers 
begins in October with land preparation. 
Host farmers begin land preparation with first 
rains and plant the seed.
Main month for planting of maize, sunflower, 
cotton and sorghum and many other crops.
End of planting of crops. Weeding of most 
crop begins.
Ending of weeding.
Intermediate farmers do winter ploughing.
Beginning of harvesting e.g. the early maturing 
varieties.
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labour;
labour for work in the field, is drawn from the house

hold or family. The family size is 3 - 10 with usually 2-3
adults and the rest children*.

Farm activities are carried out equally by both men and
women although division of labour is a common feature. There

is usually a labour deficit during weeding, planting and

harvesting. During these periods casual labour is hired.
Most of the, unskilled, labour is used in activities such as

In case of large fields,land preparationland preparation.
activities are done using oxen and ox drawn implements. Hiring
of farm’ implements and oxen is not very common but some of the

Sometimes tractors are hi redfarmers interviewed hire these.
The Kapini human development project hasfor ploughing.

special tractor hire services for land preparations. Some

members of the family work permanently in lusaka to earn some

to work on the fazm at peakmoney for the family and only .

Some members of same familieslabour periods or at week-ends.

either too young or too old to carry out the heavy agricultural

tasks.

Calculation of available labour;

The average family size consists of 6 people with the

following break down.

The farmer = 20 mandays-month.

have mi grated to lusaka for good. This leaves people who are
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The farmers1 wife - 20 mandays-month

2 children over 16 years 20x2 mandays-month

2 children under 16 years 10 x 2 mandays-month

The mandays are then summed to give 100 mandays per month available 

labour and 1200 mandays available labour per year (tabla 85 )•
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Available labour; (mar/days).Table 851

Total
Month

October 0 160 160 100
November 100 16 166 6650 0 100
December 160 49 1000 33
January 16 100 149249200 0 33
February 66 16 100 4814833 33

116 1616March 100100 00
16 10016April 0 00

4910016 149May 0133 0
4816 148 100June 66 66

16 100160July 00
16 10016August 00 0
1616 1000September 00

1171 120019299Total. 149731

The average labour requirement for the average intermediate

farmer in the area is 1171 nandays per year (Table 85)* This is not

in eccess of the average available labour which is 1200 mandays per
The farmers have however to hire casual labour during the year.year.

In January during weeding and in Liay during harvesting the labour

maize enterprises.

requirements <hf the farmers is in eccess of the available labour for the 
It is at peak level in November during land

Available 
labour

2 ha 
Maize

labour 
req. in 
excess 
of 100

2 ha 
Tomato

1 ha 1 ha 
Cotton Fruits
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In the cotton enterprise labourpreparations for winter ploughing.

requirements hit peak level and June during harvesting* but are never

in excess. The fruits and tomato enterprises require the least labour

of total labour requirements is given in the histogram (Fig^ 6).

In conclusion it may be said that there is no real labour

shortage in the area of study except for the peak periods when the

The reductionfarmer hires a few boys to harvest or weed the field.
of labour vegyiTenient through the use of weeding and harvesting implements
could be investigated*

Capitals

A common feature in subsistance farming in the Kapini

This is shown in Table 87,area is a shortage of capital.

where the gross margin for the maize enterprise is calculated*

followed by cotton, tomato and citrus in that order. A visual impression
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Fig* 6:* Histrogram showing total labour, . available labour

260

200 Z

100 ’

50 ■

10 '
EMAN D, K0

Month

January, February, March, May, June, July.

available 
labour

labour 
deficiency

ta 
te> 
Cj 1 
a
I 
A

N.B. According to the histogram there is labour deficiency in 
November', January, February, March, May, June, July*



194 -

Table 87: Calculation of gross margin for the maize enterprise?

Revenue

K 366.00

Cost

133.00

K20 per 20 mandays hired

60.00fertiliser - 200 kg ha ammonia Nitrate

K14.95 per 50 kg bag

60.00

K 14.95 per 50 kg bag

26.0025 kg bag 0 K 52 per 50 kg bagSeeds =

9.00of harvest - 3 loads @ K 3 per load

10.00
298.00Total costs
68.00Gross margin

1 Figures are rounded to the nearest Kwacha

* NEK ratio 10:2G?10

(7, 90 kg bagg)J

Empty bags - (20 bags @ 50n each)

Transo

2Labour =133 hired mandays per year

— 200 kg D compound @

Kwacha -ha1

2 Calculated from the table shov/ing labour requirements

Maize 180Ckg/ha @ 18.30 per 90 kg bag
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The gross margin assumes that the farmer will sell all his
produce. This is in fact not true as the intermediate farmer will

often use some of his produce for home consumption. As maize may not

be very profitable^ it would be much better to grow more profitable

crops or grow more maize.

The sources of income are very varied among the farming

community of the Kapini area. Sales of farm produce such as crops

income from sales of beer, charcoal and vegetables, while others have

part time employment in Lusaka (table 88).

Table 88: ' Showing generalised sources of revenue of the people in

Kapirri (cash income sources, % people receiving from that

source):

G/nuts Cattle. BeerCottonMaize

40%K 10-50

K 30-49

80% 10% 40%K 50-100

5%10%10%K 100-500

10% 20%10%

Amount 
per month

Fruits 
Veg.

Char­
coal

More than.
K 500

Less than 
K 10

30%

and livestock are the major sources of funds. However others get
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The tables show that most people derive their income from

sales of vegetables and citrus especially tomatoes, oranges, hp-naras

and mango which are sold by the tar road on the main Lusaka - Kabwe

road. Hroundnuts and Beer enterprises are all a very good source of

indicated that it has been very difficult for them to get loans from

but. that these loans were not given at the time when the farmers needed

them e.g. during land preparation and during buying of seed and

hence misused*.

In conclusion, it may be said that capital is more limiting
than labour but that capital problems can easily be solved than labour

Capital problems can be overcome by growing crops with goodproblems.
The growing of cash crops is in general not favourable toprofits.

the small scale farmers because they do not have surplus labour and
Howeve^ for large scale farmerscapital to run cash crop enterprises.

Thenanagpment level and increases the suitability of food crops.

opposite will be true for commercial farmer*

who have surplus labour, the growing of cash crops is very favourable. 

In land evaluation, the effect of such observations is that it lowers 

the suitability of cash crops at subsistence and intemerdiate farmer

some small loans from ABC (the amounts of which were not specified)

credit organisation such as A.F.C. (Agricultural Finance Co.) or

income for the people. Most people earning above K 500 in the mentioned

enterprises are commercial farmers. The people infap-ini- have also

fertiliser. Most of the loans were hence sometimes misdirected and

Commercial banks. Some of the farmers have indicated having received
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Technology;

often very simple. The subsistance fanners mainly uses the

hoe, axe and sometimes oxen and ox-drawn implement. The
intermediate farmer uses ox-drawn implements such, as ploughs,

these two types of fanners dictates low capital investiments
and low capital returns*

Land;

problem are already showing up*

The social economics of the area greatly affect the land
evaluation results that have been out-lined in the chapter on
(physical) land evaluation; for example the study area should
be down graded in as far as the growing of cash crops is
concerned for fanners with low labour, capital and technology

innovation is extremely important in agriculture as this can
improve production through the use of new technology* The
social and political organisation in the area is in firm control

is expected that land may become a problems especially for small

The capital goods used in production in the area are

inptxfc, while this is other wise for high labour, capital and 

technology input farmers* On the other hand,the people of

Land is not a scarce resource in the area of study* It

carts and sledges. Low technology and low income levels among

Kapini are not resistant to new innovation. Acceptance of new

farmers as the city of Lusaka expands* The rural-urban fringe
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chief see to it that the people are well represented and may

air their- complaints freely. Political tranquility creates

a good environment for production.

The parrallel approach (FAO 1976), would best illustrate

•the effect of social economics on land evaluation. The author,

liowever,realises that these social economic short comings may

become quickly out dated by price changes and hence greatly

For this reason,effect the results of a parrallel approach.

in this study, the evaluation is carried out at two different

levels. By 1 nnornorating a social economic analyses, the

study intends to show the economic viability of land use in

the area without necessarily combining the two parts»

and there is no meh quarrelling among the people. UNIP and the
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CONCLUSION
1 . Soil mapping in Kapini has shown that at semi-detailed

studies a free survey is highly suitable in an area in

which geology? drainage? topography and other environ­

ment factors are well defined. However? for this kind

of survey? highly reliable? that is high quality and

up to date? aerial photographs are to be used.

Classification according to Soil Taxonomy (soil survey2 .

staff? 1975) and FAO-UNESCO legend (FaO-UNESCO, 1974)

did not always directly correspond. This means that the

systems are not easily translated into each other. For

example? in mapping unit 55 the soils are classified as

Paleustalfs (Soil Survey Staff? 1975) 311 d as Luvisols

(FAO-UNESCO, 1974). Paleustalfs and Luvisols are nomally

exclusive* Paleustalfs are more likely to correspond to

Nitosols* It would seem that the problem? however? is

that Ferric properties are not allowed in Nitosols

(FAO-UNESCO? 1974). If Ferric properties could be allowed

in Nitosols? a Ferric Nitosol could have been more

appropriate for the soils of mapping unit 55* In mapping

unit 41? Gleyic Luvisol (FAO-UNESCO? 1974) and oxic

Haplustalf (Soil Survey Staff? 1975) look very unrelated

to each other. The problem of correlation lies in the

definition of diagnostic properties (in this case? the

not well related*

hydromorphic properties? in the two systems?) which are
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3. In the genesis chapter it is strongly contested that

climate is not the most important soil forming factor

in Kapini. Topography and geology are the most important

soil forming factor* Using field data* mineralogical

data* micro-morphological data* chemical and other

found to be dominant in the soils of KapiniZ ferriliza-

tion* desilication decomposition and synthesis.

4* Land evaluation was carried out according to FaO frame­

work for land evaluation (1976) . The system was found

to be adaptable to local conditions and gives a better

suitability class prediction than the local system. The

Oxisols of mapping unit J2 are the poorest soils in

terms of land utilisation requirements for the important

and relevant land qualities outlined in the chapter on

land evaluation. Mapping units 41» 42 and 11 are the

most suitable to crop production. Social economically

the area was found to be unsuitable to cash crop produc­

tion at low management levels. The people of Kapini were

found to accept technological innovation. The social and

political situation was found to be conducive to agricul­

tural development. In the studies on land evaluation the

quantification of some land qualities was difficult. In

the erosion land quality some important factors such as

infiltration were left out because infiltration tests

were not conducted to quantify this factor.

physical data the following pedogenic processes were
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Suggestions for future work.

The fields of soil classifications pedogenesis and land

evaluation have not been studied in detail in Zambia. As

a results proper agricultural and land use planning

becomes difficult. The Ultimate aim should be to evolve

local classification and land evaluation systems and to

understand the processes of soil genesis of the Zambian

soilso The following would help towards the achievement

of such an aim.

1 . The final evolution of a Zambian soil classification

system can only be achieved with the exchange of ideas

To this effect the setting up of Benchmark Sites Network

' for Agrotechnological Transfer (IBSNAT) should be of the

This will help characterise thehighest priority.

Zambian soil to international standards. The use of soil

taxonomy is recommended for international communication and

national mapping since its classification criteria are

well defined.

In soil genesisi studies should aim at understanding the2.

several processes that are important in the development

of Zambian soils. The importance of soil forming factors»

such as geology topgraphy and age should be investigated.

The assumption that climate is the most important soil

forming factor should be critically assessed.

on soil classification with countries with similar soils.
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The F.A.O. Frame-work for land evaluation (1976)3.

should be tested in the field* Experimental sites

for testing the land utilisation requirements for

several land qualities should be set up in the major

In this way there can be developed a

local land evaluation system with a strong base.

soil types.
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AEPEHDIX. I

SOIL PROFILE DESCRIPTIONS AID ANALYTICAL DATA

1. Iin?ORr.IATION ON THE SITE:

LP/l/82Profile number:

Mapping unit: 32

Mpongwe (tentative)Soil name:

Higher catergory classification:

FAO.'Rhodic Ferralsol

Soil Survey Staff (USDA): Typic Haplustox

Date of examination: 21/7/82
351 EP 560095 Kapini areaLocation!

Elevation: 1185 m
PlainLand form:

(i) Physiographic positions: lower slope

(ii) flat to very gentle undulationLand foxm:

(iii) very few ant hillsMicrotopography:

0-1$Slope on which profile is sited:

Maize and cotton in nearby fields.Cultivated:Land use:

Site of profile is not cultivated.

Climate:

Annual rainfalldistinct wet and dry season.
8000m (Lusaka airport) AIT. 1280m.

A pronounced seasonal rainfall climate with a
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II. GENERAL DEFORMATION 0? THE SOIL?

Moisture conditions in profile: just moist below 141 cm.

BRIEF DESCRIPTION OF PROPHE:

Deep> well drained dark red clayey profile with subangular blocky

structure throughout.

IV. PROFILE DESCRIPTION:

Reddish brown (5YR 4/4) moist and light brown.A 0-13 cm*

(5YR 4/6) dry, sandy clay; moderate fine subangular blocky;
sticky, plastic, friable moist, slightly hard dry; Many fine
and medium pores; many fine common medium and few coarse
roots; clear smooth boundary.

Dark red (2.5YR 3/6) moist and yellowish red13-36 cm.AB
(5YR 4/6) dry, clay; moderate and strong medium subangular

and few coarse roots; Gradual smooth boundary.

IIIo

Depth to ground water table: Unknown but greater than 3m.

blocky; plastic, friable moist, hard dry. Many fine

and medium, common coarse pores; many fine, common medium

Presence of salt or alkali: None

Evidence of erosion: None

Presence of surface stone, rock outcrops: None

Parent material: limestone



216

Dark red (2.5YR 3/6) moist, Red (2.57R 4/6)BWs 36-80 cm.

dry, clay; moderate medium sub-angular blocky slightly

sticky slightly plastic, friable moist, slightly hard dry*

many fine and medium, few coarse pores; many fine, few

medium and coarse roots; smooth gradual to diffuse boundary.

80-280+ Dark red (2.5YR 5/6) moist and red (2.57R 4/6) dry,

clay; weak to moderate coarse subangular blocky structure;

slightly sticky, slightly plastic, friable moist, slightly

hard dry; many fine, common medium, few coarse pores,

common fine and medium, few coarse roots diffuse smooth

boundary.

%SOU. MOISTURE CHARACTERISTICS:
Available moistureMapping unit

8.7510.1819.933213

12.3512.1524.5013.- 36

8.7613.6121.8736— 127

13.0610.9424.00127 - 200

4.6016.8520.122.7018.001.540-15

6.5522.3123.782.0018.6413-36 1.35

24i£4 8.4521.74'2.4131.5836-127 1.32

19.9627.43 10.023.7118.18127-200 1.31

linear 
shrinkage

Plastic 
index

Sticky 
limit

Rolling 
limit

Shrinking 
limit

%
15 bar

■ %

1/10 barDepth
Com)0 -

Depth
(cm)

:bws2

SOU PHYSICAL CHARACTERISTICS: 
g/cm^ 
Bulk 
Density



ANALYTICAL DATA;

PROFILE NO. 1.

RO 3/8/82

Clay Silt
T exture

Lab . (USDA)-0.25 -□.50
No. %%

82- 2601 □ -13 36 23 31 6 CL4

02 13-36 54 C22 17 4 3
□ 3 36-80 57 20 16 3 4 C

OU 8C-127 64 18 14 C2 2

05 127-202 62 C25 11 1 1

Chemical data:

82- 2601 8.860,32 _ □ .02 250-13 2.36 1.18
02 T 7.38 140.25 □ .□913-36 0.55
03 0,04 6.52□ .□636-80 110,24 0.10
04 T0.06 5.8480-127 0.21 ■ . 90.18
05 0.05 0.03 5.840.26 9127-200+ 0,20

445.85.082- 2601 81.490-13
124.94.102 0.85 213-36

4.9 703 4.136-80 1□ .82
85.204 4.22• 0.2080-127
95.44.505. 127-200+ 1

NO a Not determined.

Depth 
( cm)

Depth 

( cm)

N Avail 
PPm

depth
( am)

0.002 
%

M.aand
0.25

C.eand
□ .50

F .a and 
0.05

Ex.Ca
m.e.%

Lab
No.

Ex.K 
m.e.%

Ex.Na 
m.e.%

Ex.Mg 
m.e..

0.002
-0.Q5

C.E.C. m.e 
100g Clay

Org .C 
%

Lab
Na.

-2.00 
%

Baac 
eat.

%

C.E.C. .
m.e.%-

P PH 
(CaCl2)

PH 
<h2o)

Grain size, mm
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Depth (cm)Horizon

36-80B

skelet grains: fine sandy and silt (mostly quartz)

plasma ordering: undulic (high iron content)

few ferric nodules with sharp edgesspecial features:

(transported) very few iron rich papules,
no clay cutans*.

imiERAIOGY:

FeldsparsGoethiteHaematiteKaoliniteHorizom

++B

IvUCROMORPHOLOGY (THIN SECTIONS):
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I. ■INFORMATION ON THE SITE:

Profile number: IP/^/82

Mapping unit: 33

Mushemi (tentative)Soil name:

Higher category classification:

F.A.O.: Ferric Luvisol

OxLc paleustalf

Hate of examination: 21/7/82

la cation:
Elevation:
“«3> 1140m
Land form: Plain
(i) Physiographic position: lower slope

(ii) Surrounding land; Flat to very gently undulating
(iii) Microtopography: None

Slope on which profile is sited: 1—3^
Cultivation: maize and cotton profile site isLand-use:

cultivated with maize.

Seasonal cl?-inatc> with a distinct wet, and dry season.Climate:

Annual rainfall 800 m (Lusaka) Alt. 1154 m airport.

GENERAL INFORMATION THE SOIL:II.

LimestoneParent material:

WellDrainage class:

just moist at 71-149 anMoist conditions in profile;

water well).Depth to ground water table;

Soil Survey Staff (USDA):

10 metres (seen in .a

35L PP 34115-3 (Moomba School) Kapini area
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Presence of surface stones, rook outcrops? Class 0 to class 1

(FAO 1977).

Evidence on erosion: None

III 3P.I3? DESCRIPTION OP PROFILE:

The profile is dark brown. It occurs in shallow to moderately

Soil

texture is sandy clay in the top soil and clay loam in the sub­
soil.

IV. PROFILE DESCRIPTION:

Dark brown (10YR 3/3) moist and yellowish brovznAP 0-12cm

(lOYR 4/5) dry, sandy clay loam; weak fine subangular;;
sticky, slightly plastic, friable moist, slightly soft:
dry; many fine medium and coarse roots; clear smooth
boundary.

Dark brown (7.5YF 4/4) moist, and strong brown12-39 cmBts

(7.5YR 5/6) dry, sandy clay to clay loam; moderately medium
subangular blocky;. sticky, plastic, friable moist, slightly
hard dry; patchy moderately thick cutans on ped faces and

T'any fine medium and coarse pores;;old rrot channels.
Frequent smallmany fine, few medium and coarse roots.
gradualand hard iron and maganese concretions;

smooth boundary.

deep limestone area. Limestone rock out crops frequently.
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Sts

blocky structure; sticky, plastic, friable moist, si 1 ghtly

medium and coarse pores; common fine roots; very frequent;

iron and manganese clear wavy boundary.

These are hard,Manganese and iron concreations.71-149 cmBu

small and have a very frequent occurancer: They rest; on-

limestone rock. Colour is strong brown. (7.5YR 4/6) moist,

the boundary is abrupt Irregular.

SOIL MOISTURE CHARACTERISTICS:
—------I-------— 1 I T II --------------- -- ------------------------------------------------------ -------

6.62 5.0011.6233

7.508.5516.0512 - 39

8.009.4017.4039 - 71

6.10 3.009.4071 - 149

limit

14.60 2.604.33T.49 13.80

2.6114.897.7614.2012-39 1.52

18.5012.00 2;4016.331.5639-71

18.70 2.4014.0018.3971-149

Plastic 
index

Mapping unit 
/

Linear 
Shrinkage

% 
1/10 bar

% 
Available 
moisture

Bep th 
(cm) 
0-12

Depth 
(cm) 
0-12

%
15 bar

SOIL PHYSICAL CHARACTERISTICS:
Bulk(g/cm3) Rolling 
density

hard dry; patchy thin cutans on ped’ faces; many fine, common

39-71 cm Strong brown (7>5YR 4/6) moist and strong brown. 

(7.5YR 5/6) dry, clay loam; moderate medium subangular



ANALYTICAL DATA:

Profile No: 2-82

RD 3-8-82 Grain size mm:

Clay Silt
□ .□□2

Lab.
No.

82- 2806 SCL0 -12 20 532 41 2
C07 12-39 16 36 <« 242

C08 39-71 34 2 2kit 18

C07 471-149 43 15 34 4

Chemical Data:

82- 2805 T 7.56 240.350-12 0,734.31
.T 6.92 1607 0.110.6012-39 3.48
T 6.00 1408 0.080.6339-71 2.31

6.04 140.0309 0.061.72 . . 0.5071-149.

baseLab N Avail P
Nd . PPM

6.4 715.982- 2606 40-12 1.03
616.35.807 212-39 0.78

6.3 505.608 0.90 239-71
6.3 585.809 0.19 271-149

ND n Not determined.

Depth 
( cm)

Depth 
( cm)

Depth
C cm)

TEXTURE 
(USDA)0.002 

%

F.aand 
0.05

C.sand
0.50

M.aand 
0.25

C.L.C.
m.e.%

Org.C 
% Sat.

%

Ex.Ca 
m.e.%

Ex-.K
M.e.%

Cx.Ne
m.e.%

-0.50 
%

ExMg 
m.e.%

-0.25 
%

-0.05
%

-2.00 
%

Lab
No.

C.L.C' m.e 
100g clay

pH 
(h20)

PH
(CaClz)
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Bepth (cm)Horizon-

39B 71 cm

fine and coarse sand (quartz)skelet grains.

sepic plasma, consists of clay and some dispersed organic matter

favv clay cutans (ferric-argillans)

(plintite)fc-rric nodules and goncret^ong present

KESBRalOGY:

Feldspar MicasGoethitehaematiteHorizon Depth

++39-71 (cm) ++B +++

Fine sand

De§th QuartzMicasHorizon

39-71 (cm) +++B

IJCROMORBHOIOGY (THIN SECTION)?

Clay fraction
Kaolinite
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I. I11F0HMATI0N OH THE SISE:

Profile number: IP/3/82

Mapping unit: 41

Ipafu (tentative)Soil name:

Higher category classification (tentative)

F.A.OS Gleyic Luvisol

Oxic Haplustalf

Date of examination: 22/7/82

Location:
1126 mElevation:

Land form: Plain
(i) lower slopePhysiographic position:

(ii) Flat'Surrounding land form:

(iii) Microtopography: Very few anthills

0-1 %Slope on which profile is sited:
cotton, maise, sunflower.Land use: Cultivation:

profile site cultivated with sunflower.

Seasonal climate with distinct wet and dry season,Climate:

rainfall 100 mm (Lusaka international airport 1154 m)

GEIJERAL INFORMATION OH THE SOIL:II.

SchistParent material:

Drainage class: moderately well

just moist at 128-200 + cmMoisture conditions in profile:

8 m (seen in water well)Depth to ground water table:

Soil Survey Staff (USDA):

35L PP 355175 (Kapini) Kapini area
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Presence of surface stones, rock outcrops: ITone

Evidence of erosion: ITone on site but big gullies exist in

napping unit where soil has been disturbed.

III. BRIEF DESCRIPTION OF FROPHS:

Deep moderately well drained yellov/ish brown clayey profile

v.ith subangular blocky structure throughout.

PROFIIE DESCRIPTION:

greyish brown (2.5TR 4/2) dry, sandy clay with few fine
faint yellov/ish mottles; moderate fine to medium sub-
angular; slightly sticky, slightly plastic, slightly
firm moist, hard dry; few fine medium and coarse pores j.

boundary.

8/8) mottles; moderate medium subangular; sticky, plastic

slightly firm moist, hard dry; few fine and medium

many fine and common medium roots J gradual smooth

boundary.

ABwg 16-44 cm. Dark brown (10YR 4/3) mdist and yellowish brown

(1OYR j/4) fatf} clay wi'fch few fine faint yellow (10YR

IV.

AP 0-16- cni. Very dark greyish brown (2.5IR 3/2) moist and dark 
o

few fine and medium common coarse roots; clear smooth
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sub angular blocky; sticky, plastic, slightly firm

moist, hard dry; patchy moderately thick cutans on ped

faces and old root channels, few fine and medium, pores;;

common fine and medium roots; very frequent iron and

manganese concreations; clear smooth boundary.

78-128cm. Yellowish brown (10Y3 5/6) moist and yellowish.

medium and coarse pores; few fine roots; gradual smooth

boundary,’

SOU, MOISTURE CHARACTERISTICS:

Mapping unit

7.6423.0041

&166 17.3425.0016-44

8.66 17.3425.0044-78

8.61 17.5125.1278-128

brown (10YR 5/6) dry, clay with many medium prominent- 
yellow (10YR 8/8) mottles; moderate coarse sub-angular

% 
1/10 bar

%
15 bar

structure;sticky, plastic, slightly firm moist, slightly 
hard dry; patchy thin cutans on ped faces; many fine few

Btsg2

Btsg, 22—78am. Yellowish brown (10YR 5/6) moist and yellowish 

brown (10YR 5/6) dry, clay with common, medium distinct 

yellow (10YR 8/8) mottles; moderate medium to coarse

Depth
(cm)

0-16

% 
Available 
moisture
15.36
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 r

ANALYTICAL DkTs

Depth

 i

T

I

i

I

128.200+
I

(ND n Not-determined

193/

i 
i

1 

t 
i

i
i

.....i->

i
I

12
13 I78-128__
14

I
I
I

TEXTUREE 
■(USDn)

L’.L.C. 
m.e.%

li >2-2-

i.

t

—L
Ir
I

■«4-

c
, ff,

c
c

0-16 
]_1_6-44_

44-78

Profile No: 3

HD 3-8-82

C“ L'lrf *” ’I- \
192 -

l 

f

. 182-2’" 

i 
I 

i

Silt 
0.002 
-0.05 
-2L-K 

27

■ Cloy

0.002 
_%__

A?—
68j _____
AL, I__ 18

i_28-2o9+7o J6.4 _io

Grain sire,
F.Sand 
0.05 
-0.25 
_.L.r 
_?2__ ■

C.eand 
0.50 
-2.00 

%
1J—f

.2___ <..

■f— «. 

bd:

Base Free Fu 1 M..
(CuCl„) (H-0) Sr.t, ppm 

c <- .j/ ( 

__4_J.s5.4-6-9—!-63- -----
_-.J_ J.s2-;. .Li—j.JJ—j.------

..... ~J- 

Ex.Na L’.L.C. L.L.C. m.e.%, Al
rnie.% m.e.% 100g cloy ppm,
0.04 ] 12.20 27 4

..O.O^. ___ ,L—2J._____

. -2.1-4—.. 

...22______
-23_______

Lab. Depth Ex.Ca
No. (cm) m.e.%

”J^10 f O716_J 7.20 7

— 11 (16-44 I 8.27 1
' 12~l 44-

13 i-78-128 j 8.66
——-------- -----------------

14 ,‘>128-200+10.21
—TZ7~r“i~ 

n; i
Lab.,’ Depth Org.C Total N I.veil P pH
No. , (cm) % % ppm (2_

  
1.31 ! j 2
Oj82 [______ • 1   

0.62 ______ j 1__...
0.18 L  ___ j _._1____! 6.3 . MJ— 4-ZS—j

■'I t J____ 1____> 6s7.T7..P i-j8.fi, I

1 1 I . .J.' . I___ J___ '■

Lab.
: No.
i 82- 2610 ; 0-16 ___

11 i 16-44_____6
—l£l&8_i_ a 

13 !7§-128
. 14

mm
H.Send 
0.25 
-0.50 

%

2L=.—1.3___ L...1-..4-.
i—1.9.-J____9-...l-2__

' . b± 
zzlzziz:

Cheolc:.! dots.

Ex.Mg Ex.K 
m.e.% m.e.% 

-4
.1..82...! _ 9^51J

11 ; 16-44 !. 8.27. .1. J -21 0.21 I

22 .7.79 2.21..4.0.21 4. 0.05 J. 1.4 .11, 
! » « _2i67 ; 0.20 j’. g_.o?.4 1.4..62._

2-2,1.„-_9.:2i _p.jq_!_.15J6___

z:zfZTj~X.- 
pH

2
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1.60 5.51 12.61 14.00 2.60

16-44 1.57 12.85 9.57 12.20 15.60 5.25

44-78 1.45 16.52 14.65 20.50 18.00 5.00

78-128 16.561.45 12.64 20.62 18.10 2.80

128-200-?- 16.56 12.641.45 20.72 17.52 2.57

KIOROL^RFHOIOGY (THIN SECTIONS);

Depth (cm)Horizon

78B 44

fine sand and silt (dominantly quartz)skelet grains:
asepic-sepic (see special features)plasma ordening:
locally skelspic (much less than 462 and 465)special features:

ferric nodules and concretions present
(plinthite)

) with
diffuse boundary; in situ hydromorphism.

BHN33AI0GY:
Clay fraction

GoethiteHaematiteKaoliniteHorizon

B +

Pine sand and silt

MicasQuartzHorizon
+B

4.12

Bui 
density

Depth 

■44-78 (cm)

Plastic 
index

Sticky 
limit

Feld­
spars

Linear 
shrinkage

Shrinking 
limit

Iiicas Hall­
oysite

Depth 
(cm)

0-16

Depth 
(cm) 
44-78

SOU, PHYSICAL CHARACTERISTICS: 
lk(g/ enrolling 

limit

very few clay cutans (much less than 462 and 465)

some ferric nodules (few mm to 1 cm
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1.60 5.51 12.61 14.00 2.60

16-44 1.57 12.85 9.57 12.20 15.60 5.25

44-78 1.45 16.52 14.65 20.50 18.00 5.00

78-128 16.36-1.45 12.64 20.62 18.10 2.80

128-200* 16.561.45 12.64 20.72 17.52 2.57

I.ZCROMORPHOIOGY (THIN SECTIONS):

Depth, (cm)Horizon

7844B

fine sand and silt (dominantly quartz)skelet grains:

special features)plasma ordening:

locally skelspic (much less than 462 and 463)special features:

ferric nodules and concretions present
(plinthite)

) with
diffuse boundary; in situ hydromorphism.

SHN3RAIDGY: Clay fraction
GoethiteHaematiteKaoliniteHorizon

++B +

Fine sand and silt
Quartz MicasHorizon

+B

4.12

Bu: 
density

Depth 

44-78 (cm)

Plastic 
index

Feld­
spars

linear 
shrinkage

Sticky 
limit

Shrinking 
11 mi t

Micas Hall­
oysite

asepic-sepic (see

Depth 
(cm)

0-16

Depth 
(cm) 
44-78

SOUL PHYSICAL CHARACTERISTICS: 
lk(g/ enrolling 

limit

some ferric nodules (few mm to 1 cm

very few clay cutans (much less than 462 and 463)
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I. IKEOHMATIOH Off THE SITE:

Profile number: IP/4/82

Happing unit: 42

Ipafu I (tentative)Soil name:

Higher category classification:

PoA.O; Ferric Luvisol

Soil Survey Staff (ffSDA); 0:dc Haplustalf

Date of examination: 23/7/82

location:
Elevation: 1013 m
Land; form: Plain
(i) Physiographic position: lower slope/middle slope

(ii) few anthillsSurrounding land form:

(iii) Microtopography: None

1 - $Slone on which orofile is sited:

Land use: None

Seasonal climate with distinct wet and dry season rain-Climate:
fall - 800 m (Lusaka airport 1280 m).

II. GENERAL IffEOBIATIOff Off THE SOIL:

SchistParent material:

WellDrainage class:

just moist at 113-180+Moisture conditions in profile:

10m (see in water well)Depth to ground water table:

NonePresence of surface stone^ rock outcrops:
Evidence of erosion: Hone on site but big gulleys have been seen, 

in the mapping unit.

351 PP 329195 (Kapini) Kapini area
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III. BRIEF DESCRIPTION OP PROFILE?

IV. PROFILE DESCRIPTION:

A

sub-angular- blocky; slightly sticky, slightly plastic,

extremely firm moist, very hard dry; few fine, medium.and.

coarse pores; few fine medium and coarse roots; clear

smooth boundary.

15-65 am Dark yellowish brown (10YR 3/4) moist, dark yellow-AB

ish brown (10YR 4/4) dry, day with few fine, faint mottles;
moderate very coarse sub-angular blocky; sticky, plastic,.
extremely firm moist, very hard dry; many coarse few fine

B±c

(10YR 8/8) mottles; moderate medium to coarse sub-angular

few iron and manganese concretions; diffuse smooth boundary.

65-113 cm.- Dark yellowish brown (1OYR 4/6) moist, yellowish 

brown (10YR 5/8) dry, clay with few fine faint yellow

0-15 cm Very dark greyish brown (2.5IR 3/2) moist, dark 

greyish brown (2.5YR/4/2) dry, sandy clay; moderate medium

and medium pores; many fine, medium and coarse roots; gradual 

smooth boundary*

blocky; slightly plastic, slightly sticky; friable moist 

hard dry; thin patchy cutans; many fine and medium, few 

coarse pores; common fine, medium and coarse roots; very

Deep well drained (?) clayey profile; top soil colour is very 

greyish brown (2.5IR 3/2) and sub soil colour of dark yellowish 

brawn (10YR 3/4) moist.
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medium and fine few coarse pores; frequent hard iron

concretions'. ,

SOU iJOISTUBE CHARACTERISTICS:

Mapping unit

7.60 15.400-15 23.0042

16.808.0015-65 24.80

8.61 17.5125.1265-113

17.518.6125.12113-200+

4tfr 14*00.- 2i6012.505*59'0-16 1.60

2.7715.0015.719.4516-44 12.001.50

3.0018.0016.30 20.4514.5144-78 1.40

2.6418.5120.5912.7716.3378-128 1.43
2.5020.64 18.0012.6416.30128-200+ 1.42

laCROHORgHOIOGY (THIR SECTIOUS)

Depth (cm)Horiaon

65 - 115B

Depth, 
(cm)

Depth, 
(cm)

113—2004-cm Yellowish brown (10YR 5/8) moist, brownish yellow
(1OYR 6/8) dry, clay rd th few fine faint yellow (10YR 8/8)

Stick 
limit

Shrinking 
limit

% 
1/10 bar

%
15 bar

linear 
shrinkageRolling 

limit

Bt s

Available 
moisture

Plastic 
index

mottles; moderate medium sub-angular blocky, stiak, ■ 

plastic,' friable moist, hard ,dry; thin patchy cutansymany

SOU PHYSICAL CHARACTERISTICS:

density
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ANALYTICAL DATA:
Profile No. 4-82

rd 3-a-az
Grain size, mm

Clay Silt F.aand haand
TEXTURE0.002 0.05 0.25

Lab. (USDA)-0.25 -0.50
Ko. *%

82- 2615 0,15 C42 24 29 4 1

16 15-65 53 C22 222 , 1

C65-11317 64 15 17 2 2

Cia 113-160 60 19 216 1

Chemical data

CEC
m.a.Ji"
10-66 2682- 2615 0.70 0.050,15 5.27 1.84

0.03 10.360.21 2016 1.1915-65 3.61
9.78 150.0417 65-113 0.313,30 •1.25

150,04 8.880.331.3618 113-160 2.93

BaseN' Avail PLab
No.

5.5 6.1 72382- 2615 1.180.15
5.54.8 490.67 216 15-65
5.7 505.110.7865-11317
5.9 525.41

NO u Not determined.

Lab.
Na.

Depth
(cm)

Depth 
( cm)

Depth 
(cm)

0.002 
%

-0.05
%

C.aand 
0.50

Ex.Mg 
ti.e.%

Sat.
%

ExCa 

m.e.%

Org.C 
%

Ex.K 
a.e.%

Ex.Na 
m.e.%

C.E.C. it 
100g Cln\

-2.00 * 
%

ppm
pH 
(CaCl2)

pH
(h2o>
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fine sand and silt (dominantly quartz)skelet grains:

- plasma ordening: asepic-sepic (see special features)

- locally skelsepic (much less than 462- . special features:

and 463)*

- very few clay cutans (much less than
462 + 463).

- ferric nodules and concretions present

(plinthite )•

to 1 cm)

with diffuse boundary: in - situ

hydromorphism.

LKIERALOGY:

Clay fraction
Feldspars LlicasDepth (cm) GoethiteKaolinite HaematiteHorizon

+++65-113B

Fine sand and silt
Depth (cm) LlicaQuartzHorizon

+11365B

- some ferric nodules (few ®m
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I. IHP0RLL1TI0IT Oil THE SITE;

Profile number: LP/5/82

mapping unit: 11

Kado (tentative-)Soil name:

Higher category classification:

F.A.OX Ferric Luvisol

Soil Survey Staff (USDA):. Oxic haplustalfs
Date of examination: 22/7/82
Location: Kapini area 551 PP 326227
Elevation: 1110m

Land form:

(i) Physiographic position; middle slope (very gentle convex)

(ii) Surrounding land form: gentle slope
(iii) I'dicrotopography: very few anthills

Slope on which profile is sited:

at the tine of examination land was under scatteredLand use:

cleared patches of land in the woodland savannah. In
vicinity were a few maize fields.

has a pronounced seasonal rainfall climate with aClimate:

Total annual rainfal1distinct wet and dry climate:

is about 800 mm (Lusaka airport: 1280 m).

GENERAL INPORLLATIOH OIF THE SOU:II.

GneissParrent material:

wellDrainage class:

just moist below 82 cm.moisture conditions in profile:

gentle slope 0-3/2
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Depth to ground water table; Unknown

Presence of surface stone; rock outcrops: Hone

III.

is moderate sub-angular blocky.

IV: .PROFILE :DESCRIPTION:

Au

(10YR 5/2) dry, sandy loam; weak fine sub-angular; slightly
stinky,''' slightlyplastin, friable moist, slightly hard
dry; many fine, medium and coarse pores; few coarse,
nornmon medium and may fine roots; clear wavy boundary.

ABg

sub-angular blocky; slightly sticky, slightly plastic,

friable moist, hard dry; many fine, medium and coarse

Clear smooth to wavy boundary.roots.

Brown (1OYR 5/3) moist, light brownish grey54-82 cmBtsg

slightly plastic,

(1OYR 6/3) dry, sandy loam, with few fine faint yellow­

wish brown noderote coarse (10YR 5/8) mottles;medium

brownish grey (10IR 6/2) dry, loamy sand with few, fine, 

faint brownish yellow (1OYR 6/8) mottles; moderate medium

DESCRIPTION OF PROFILE:

coarse sub-angular; slightly sticky,

0-14 cm Dark grey (10YR 4/1) moist and greyish brown

14-54 cm Dark grayish brown (10YR 4/2) moist and light

structure is very weak sub-angular blocky. Sub-soil structure

Evidence of erosion: None

' Deep well drained dark greyish brown sand loam soils. Top soil
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clear wavy boundary.

sub-angular;, sticky, firm moist, hard dry; many fine

sub-angular; sticky, plastic, slightly fixm moist, many

fine common medium and coarse pores; few fine roots;

very frequent iron and manganese concretions.

WISTUHB CHARACTERISTICS:

Mapping unit

5.10 4.9810.0811

4.497.1111.6014-54

5.549.0016.6454-82

16.008.0024.0082-141

16.008.0024.00141-180

Btsg285-141am. Dark brown (10YR 4/3) moist, dark yellowish brown 

(10YR 4/4) dry, clay with common fine faint yellowish 

brown (10YR 5/8) mottles; moderate coarse to strong

medium and coarse pores; few fine and medium roots; few 

iron and manganese concretions; abrupt wavy boundary.

friaole moist, slightly hard dry; thick patchy cutans; 

many fine medium and coarse poresf Common fine, mediinn 

and coarse roots; very few iron and manganese concretions:

Depth 
(cm) 

0-14

B/Csg 141-18Ot-cm Yellowish brown (1OYR 5/6) moist, clay with 

many coarse and prominent yellowish brown (10YR 5/8) and 

brownish yellow (10YR 6/8 ) mottles; moderate medium

%
15 bar1/10 bar

% 
A.LI.
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ANALYTICAL DATA
Profile No. 5-82

Grain size, mmRO 3-0-82

F. aa nd M.aandClay Silt U. aand
0.25 0.500.002 0.05

-0.25Lab 0.002 -0.05
%No. % %

SCL82- 2619 38 17 70-14 24 14
SCL920 14-51* 14 37 1822
SCL1954-82 10 39 a21 24
C1048 1322 82-141 11 18
C141-180 12 1223 47 1811

CHEMICAL DATA

Lab. C.E.C.Ex.K
No. m.a.%m.e.%

2?.0,46 6.3882- 2619 0-14 5.38 0.83 T
20 14.54 2.68 0,44 T0,21 3.80 17

54-8221 0,451.78 0.15 0,07 2.74 11 •
' 0.05•3,10 T 6,2022 82-141 1,83 .13

23 T141-180 1.68 1.86 0.06 5.40 11. .

82- 2619 0-14 6.21.02 19 6.9 100
20 04-54 No aoil 6.2 7.03

5.4-8221 0.04 3 6.4 7.1
22 82-141 0.13 6.53 7.1 80
23 141-180+ . 3 6.4 •7.1 67

ND Nat determined;

Depth 
( cm)

Depth
(cm)

Depth 
( cm)

TEXTURE 
(USDA)

• N Avail P 
ppm

Org.C 
%

Ex.Na 
m.e.%

ExCa 
m.e.%

Ex.Mg 
m.e.%

Lab.
No.

-0.50
%

-2.00 
%

C,E.C, 
100g’ cl

Bese '
Sat, 
%'

pH 
(H20)

Ph 
(CaCl2)

88
■'•:

89-



- A58

density

1.45 19.00 3.61 25.83 17.49 3.00

(THIN SECTIONS):LUCROHORPHOLOGY

Depth (cm)Horizon

AB 14 - 54

fine and coarse sand (dominantly quartz)skelet grains:

undulic (because of high org. matter content)plasma orientations:

and locally ®opic (see below).

special features: - very little skelsepic

— quite some clay cutans present with inside

organic matter spots: organoferi-argillans

to 1 cm) meta-isotubules (i.e. small clods of B-horizon

material with less organic matter with ' a high number of clay

DepthHorizonProfile No.Lab. No.

(IP - 5 - 82) 54-82 cmBm 82 459

skelet grains: fine and coarse sand (quartz)

Plastic 
index linear 

shrinkage
Shrinkjng 
limit

Sticky 
limitDepth

(cm)
14-54

big (few mm

olasma orientation} plasma contains fair amount of organic matter, 
is asepic to weakly undulic and locally sepic (
very many clay cutans ... (organo—fem—argillans and ferri—argillens) 

or C-material)

see below)

SOIL PHYSICAL CHARACTERISTICS: 
Bulk(g/cm) Rolling 

limit

few meta-isotubules present (as well from A, B, 
very few small ferric nodules (plinthite-gravel)

cutans without organic matter spots: ferri-argillans) •
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lililBBAIiOGY:

Clay fraction
Smectites

54-82B + ++ +

Bine and coarse sand

MicasQuartzHorizon

+++B

Haeme- 
tite

Depth 
(cm) ’ 
54-82

Horizon. Depth
(cm)

Geo- ..JSeld- 
thite spars

Micas Kaoli- Halloy- 
nite site
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I. INFORMATION ON THE SITE?
Profile number: IP/6/82
Happing unit: 22

Soil name: Unknown

Higher category classification:

F.A.OZ dystric regosol

Soil Survey Staff (USDA); Typic ustorthent

Date of examination:24/7/82

Location: 35L PP 315141

Elevation: 1155m

land fozm: plateau

(i) Physiographic position: upper slope
flat, 0-3%(ii) Surrounding land fozm:

(iii) Microtopography: None

Slope on which profile is sited: 2%

Land use: None

TropicalClimate:

GE1ERAL INFORMATION ON THE SOIL:II.

QuartsitesParent material:

wellDrainage class:

Moist conditions in profile: just moist'

not knownDepth to ground water table:
fewPresence of surface stone} rock outcrops:

NoneEvidence of erosion:
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III. PROFITS DESCRIPglOIT:

AP

and coarse pores; many fine and medium, few coarse roots;
very few fine gravels; clear smooth boundary.

and coarse gravels,-gradual smooth boundary.

Strong brown (7.5H* 4/6) moist and strong brown (7.5YRCs1 42-67 cm.
5/8) dry, sandy clay loam; very weak fine sub-angular blocky;
slightly sticky, slightly plastic, friable moist, slightly
hard dry; many fine common medium and coarse roots; frequent;
iron and manganese concretions; very frequent fine gravel,

Cs2

Ae 16—42 cm. Dark yellowish brown (10YR 3/6) moist and dark yellowish 

brown (1OYR 4/6) dry, sandy loam to sandy clay loam; weak fine

sub-angular blocky structure; slightly sticky, slightly plastic,
I 

friable moist, slightly hard dry; many fine medium and coarse

inped pores; many fine few medium and coarse roots; few fine

67-150am.Very frequent iron.and manganese concretion; very frequent- 

fine gravels coarse gravels, small stones and large stones.

coarse gravels and stones; abrupt smooth boundary.

4-16cm. Dark brown (1OYR 3/3) moist and brown'(1OYR 4/3) dry, 

sandy loam; weak fine sub-angular; slightly sticky, slightly 

plastic, friable moist, slightly hard dry; many fine medium
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ANNALVTICAL DATA;

LUP/6/B2Profile No;

11/8/02

Clay

849 49 0-16 31 15 25 23 SCL, 6

' C50 16-42 39 17 921 21

51 C ‘42-67 44 16 20 911

C.1552 1019 1167-.150 45

Chemical data:

5.660.02 182849 0.120.77■ 0-16 1.64

0.01 2.240.05 1950 0.2816-42 0.82

T 2.24 50.0451 0.5042-67 0.73

4.640.03 0.01 1052 0.520.5567-150

NJ Avail P
ppm

465.64.882/2849 120.920-16
165,54.640.7050 l6-42_

575.64.6451 42-67.. 0.35

2!*5,44.667-J150 352 0.32 •

T ■ TraceNO - Nat determined.

Depth 
( cm)

C.E.C, 
M.e.%

Lab
No. '

Depth
(cm)

TEXTURE 
(USDA)Depth

( cm)

Oaae
Sat.

%

Ex.Ca
m.e.%

Ex.K 
m.e.%

Ex.Mg 
m.e.%

Ex.Na 
m.e.%

Lan
Na.

Lab.
Na.

•• Org.C 
%

Silt 
0.002 
-0.05 
%

F.aand 
0.05 
-0,25 
%_____

H.aand 
0.25 
-0.50 
%_____

C.aand 
0.50 
-2,00 
%_____

0.002 . 
%

C.E,C. m. 
100g clay

ih 
(h20)

pH 
(CaCl2)

Grain alze, mm
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ANNAIYTICAL DATA:

LUP/6/B2Profile No:

11/8/82

Clay Silt

0-16 15849 49 31 25 23 , 6 SCL

' C50 16-42 39 21 21 17 9

51 42-67 44 16 20 C ‘911

1552 19 10 C .67-150 45 11

Chemical data:

5.660.022849 0.12 180.77• 0-16 1.64

0.010.05 2,24 1950 0.2816-42 0.82

0.04 T 2.24 551 0.500.7342-67

0.01 4.640.03 1052 0.5267-150 0.55

N. Avail P
ppm

465.64.882/2849 120.920-16

165,54.6450 0.70l6-42_

575.64.640.3551 42-67 .

5,4 244.667-J-150 352 0.32 •

T ■ TraceNO - Not determined.

C.E.C.
M.e.%

L ad 
No. '

Depth 
(cm)

Depth 
(cm)

Depth
(cm)

TEXTURE
(USDA) ■

Base
Sat.

%

Org.C 
%

Ex.Ca
m.e.%

Lan
No.

Ex.H 
m. e.%

Ex,Na 
m.e.%

M.aand 
0.25 
-0.50 
%____

Lab.
No.

Ex.Hg
m.e.%

0.002 
-0.05 
%

F.aand 
0.05 

-0.25 
%

C.aand 
0.50 
-2.00 
%

0.002 . 
%

C.E.C. m.u 
100g clay

pH 
(CaCl2)

;h
<h20)

Grain size, mm



245 -

SOIL MOISTURE CHARACTERISTICS:
Mapping unit

22 15.67 7.44 6.25

16-”4 2 16.61 7.81 8.80

42-57 Ho soil

67-150 No soil

SOIL PHYSICAL CHARACTERISTICS:

limit
14.68 2.915.5015.85 4.551.58

5>26’ 14.74 12.50 14.88 2.2516—42 1.64
20.699.76 2.8018.5242-67 1.69 16.55

18.7520.77 1.4012.7067-150 20.85

MICROMORPHOLOGY (THIN SECTIONS):

Depth (cm)Horizon

16 42B

fine sand, coarse sand (+ silt), mainly quartz.skelet grains:

asepic-sepic (see special features)plasma ordening:

local skelsepicspecial features:

no clay enters

ferric concentration and ferric nodules present

(plinthite ?)•

Depth 
(cm)

0-16

Shrinking 
limit

Sticky 
limit

%
15 bar

/° 
Available 
moisture

Plastic 
indexDepth

0-16

Linear 
shrinkage

1/^0 bar

Bulk (g/ enrolling 
density limit



244

LHHSBALOGYs

Clay fraction

HaematiteGoethiteKaolinite HicaHorizon.

+++B +

Pine sxriE-coafrae sand.

MicaQuartz

++++

Depth 
(cm) 
16-42
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1. INFORMATION PIT THE SUE:

Profile number: IP/7/82

Mapping unit; 52

Soil name: Mpongwe (tentative)

Higher category classification:

P.A.OJ Rhodic Eerr al sol

Soil Survey Staff (USDA).’ Typic Eustrustox

Date of examination: 24/6/82

35IPPP 516154location:

Elevation:- 1155 m

Land form: Plain

(i) Physiographic position: plain

(ii) Surrounding land form: flat

(iii) Microtopography: None

Slope on which profile is sited; 1-2,0

Land use: Maize cultivation

tropicalClimate:

GENERAL INFORMATION ON THE SOIL:II-

lime stoneParent material:

wellDrainage class:

Moist conditions in profile: just, moist

Not knownDepth to ground water table:

Presence of surface stone, rock outcrops: few

Evidence of erosion: None
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III. BRIEF DESCRIPTION OF PRORIHRt

The profile has sandy clay top soil and a clay loam sub-soil*

The soil structure is weak sub-angular blocky throughout the

profile.

IV, PROFILE DESCRIPTION:

angular blocky; sticky plastic, friable moist, hard. dry;;.
many fine medium and coarse pores; many fine and medium
coarse roots; abrupt smooth boundary.

AB l8-48cm. Yellowish red (5IR 4/ffJ moist and yellowish redl
(5YR 5/6) dry, clay loam; very weak fine sub-angular
blocky; sticky, plastic, friable moist, slightly hard
dry; many fine and medium, common coarse pores; many fine
medium roots; gradual to diffuse smooth boundary.

moist slightly hard dry; fine and medium few fine and medium comn

AP 0-18 cm'. Dark reddish brown (5IR 4/3) moist and yellowish 
brown (5VR 4/4) dry, sandy clay; moderate medium sub-

coarse pores; common fine and medium roots.

Bws 48-200cm. Red (2.5YR 4/6?) moist and red (2.5IR 4/8)diyr djy oTay;
very weak sub-angular blocky; sticky; plastic, friable
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ANALYTICAL DATA

Profile No. LUP/7/82

ro n/a/az

Clay M.aand

52-23-53 0-18 43 20 7 C23 2

54 57 Cia-4a 19 3 3ia

55 c48-82 56 3ia Z21

C56 82-200 55 23 218 2

Chemical Data;

82/2853 9.600.43 0,01 224.32 2.040-18
T 11.24 2054 0.172.66• 18-48 3.23
T 9.46 170.0955 3.442.5148-82

168.880.083.4856 2.0582-200

716.05.361.2882-2853 o-ia
545.85.121.1354 18.48

6.1 645.320.4755 48-82
632 5.95.30.2556 82-200

NO = Not determined:

214/

Depth 
( cm)

Depth 
( cm)

Depth 
(cm)

Ex.Mg . 
m.e.%

pH 
CaCln)

Baae 
Sat.%

C.E.O.
m.e.%

TEXTURE 
(USDA)0.002 

%

N Avail P 
ppm______

pH 
CH„0)

Org .C 
%____

Lab.
No.

Lab
No.

Ex.K 
m.e.%

C.E.C. m.e< 
100g clay

Lab.
No.

Ex.Ca
m.e.%

Ex.Na 
m.e.%

0.25
-0.50

%

F.aand
0.05 
-0.25

%

C. aand
0.50 
-2.00

%

Silt
0.002
-0.05

%

Grain size, mm
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30jJj I DISTURB CHARACTBRISTICS:

Mapp 12ig unit

32 19.93 10.18 8.75

13-36 24.50 12.15 12.35

256-127 21.87 13.61 8.76

127-200 24.00 13.0610.94

16.85 4.6020.122.701.54 10.00

13-36 6.5523.78 22.311.35 18.64 2.00

36-127 24.0421.74 8.451.32 31.58 2.41

19.96 10.0227.435.71127-200. 1.31 18.18

MICROMORPHODOGY (THIN SECTIONS):

Depth (qn)HorizonDab. No, Profile No.

(LP-7-82) BII 82 461
36-127

skelet gra-inst fine sand and silty (mostly quartz and'muscovite)

undulic (high iron content)plasma ordening:

few ferric nodules with sharp edges (transported)special features:

iron rich papulesvery few
no clay cutans.

I-'HrERAIOGY:
Horizon Illite Halloysite Kailinite HaematiteSmectite Goethine Feldspars

++36-127 cm +++

Rolling 
limit

Sticky 
limit

Shrinking 
limit

Linear 
shrinkage

Plastic 
index'

%
15 bars

% 
1/10 bars Available moisture

0-13

Booth 
(cm) 
0-13 ‘

SO/CG PHYSICAL qHARACTZRISTICS: ........---------------- --------------------------------

Bulk -------
density
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I. INFORMATION OH THE SITE:

Profile number: EP/8/82

Mapping unit; 52

Soil name: Chilanga

Higher category classification:

'F.A.O: Eutric Regosol

Soil Survey Staff (USDA): lithic nstorthent

Date of examination? 24/7/82

location: 35L 12286107

Elevation: 1125 n

Land form: upper slope plateau.

(i) physiographic position: upper slope
(ii) surrounding land form: flat

(iii) microtopography:

flat,2$Slope on which profile is sited::

land use: None

Climate: Tropical

GENERAL INFORMATION ON THE SOIL:II.

Parent material: granite

Drainage class: well

Moist conditions in profile: just dry

Depth to ground water table: unknown

Presence of surface stone, rock outcrops: 50$

Evidence of erosion: None

Presence of salt or alkali: None
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III. BRIEF DESCRIPTION 0? PROFILE:

Dark brown loamy sand with

structure.

IV. PROFILE DESCRIPTION:

A tt*8cm.

sub-angular blocky;, slightly sticky, slightly plastic,
friable moist, slightly hard dry, many fine, and medium,
few coarse pores; many fine medium and coarse roots;;
frequent fine gravels; clear smooth boundary.

Bws 8-22cm. Dark brown (10YR 3/3) moist and brown (10IR 5/3)
dry, loamy sand; very weak, very fine sub-angular blocky,
slightly sticky slightly plastic, friable moist: slightly
hard dry; many fine and medium pores, very fine medium

B/C 22-40cm. Many fine and medium, few coarse roots; very
frequent iron and manganese concretions; very frequent
fine and coarse gravels, small and large stones*

and coarse roots, frequent iron and manganese concretions;
very frequent fine gravels;: abrupt smooth boundary*

Very dark brown (10YR 2/2) moist,, and dark greyish, 
brown. (10YR 4/2) dry, loamy sand; very weak very fine

a very weak sub-angular blocky
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ANflLVTICAL DATA

Profile No. LUP 8-32

RO 11-3-82

Clay

82-2857 0-8 16 22 25 16 SL21

58 1U ■8-22 U SL35 12 23

SL59 22-40 19 14 23 30

Chemical data:

290.02 4.6fl0.2182-2857 2.09 0.770-8

2L3.300.010.2453 1.16 0.580-22

173.240,020.2759 0.-7922-LO 0.57

6.2 665.082-2857 161.070-8

606.0U.6558 0.608-22

515.6<4.3<•0.3959 22-U0

ND = Not determined

218/

C.E.C.
m.e.%

DeptV 
(cm)

■“depth
(cm) ■

Depth 
( cm)

0.002 
%

N Avail P 
ppm • 

TEaTURE 
(USDA)

Lab 
_Na.

Ex.K 
m.e.%

Haee
Sat'

Ex.Ca
m.e.%

Ex.Mg 
m.e.%

Ex.Na 
m.e.%

Lab
No.

Lab
Na.

Silt 
0.002 
-0.05 

%

F.aand 
0.05 
-0.25 

%

M.Sand 
0.25 
-0.50 

%

C.E.C. m.e.% 
100g clay

C.annd 
0.50 
-2.00 

%

Org'.'C
' a.%

pH 
(HgO)

Grain aize, mm

pH 
(C.C12)
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MOISTURE CHARACTERISTICS:

Mapping unit

5.3252 13.79 8.47:

3.9710.478-22 7.50

5.564.359.3522-40

LmmAIOgT: fine- earth
HaematiteKaolinite

+

fine sand.'.

MicaQuartzDepth 
(cm) 
8-22

% 
1/10 bar-

%
15 barDep-th 

(cm) 
0-8

Available 
moisture;

Depth 
(c-..a) 
8-22
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I. INFORMATION ON THS SITE;

Profile number: LP/9/82

Mapping unit: 52

Chilanga (tentative.)Soil name:

Higher category classification:

FJUOi Eutric Rego sol

Soil Survey Staff (USDA)’lithic Ustorthent.

Date of examination;- 24/6/82

Location: 251 PP 278103
Elevation: 1125 m
Land form: Upper slope plateau-.
(i) physiographic position: upper slope

(ii) surrounding land form: flat

(ill) microtopography: —

flat)2JoSlope on which profile is sited: .

Land use; none

tropicalClimate:

GENERAL INFORMATION ON THE SOIL:II.

Parent material: granite

wellDrainage class:

just dryMoist; conditions in profile:
Depth to ground water table: unknown

Presence of surface stone, rock outcrops: 50^

Evidence of erosion: none

Presence of salt or alkali: none
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III. BRIEF DESCRIPTIOH OF PRCPTT.R-

Dark brown loamy sand with

structure.

IV: PROFILE DESCRIPTION:

Black (1OXR 2/1) moist and dark grey (1OYR 4/1) dry,O=»1O am.

loamy sand to sandy loam; massive to very weak fine.

sub-angular blocky;, slightly sticky, slightly plastic,

friable moist, slightly hard dry; .many fine and medium,

common coarse pores;: many fine medium and coarse roots;.

clear smooth boundary..

■Very dark greyish brown (1OYR 3/2) moist and greyish10-30 cm.

brown (10YR 5/2) dry, sandy clay loam; massive to very weak
fine sub-angular blocky; slightly sticky slightly plastic,
friable moist slightly hard dry; many fine and medium
common coarse pores; many fine medium and coarse roats^
frequent iron concretion, gradual smooth boundary.

5040 cm. Dark greyish brown (10YR 4/4) moist, and yellowish brown
(1OYR 5/4) dry, sandy clay loam; very weak fine sub-
angular blocky;; slightly plastic slightly sticky, friable
moist slightly hard dry; many fine medium and coarse
inped interstitial pores; many fine medium and coarse
roots; abrupt smooth boundary.

40 cm Quartz rocks.C/R

a very weak sub-angular blocky
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ANALYTICAL DATA

Profile No. LUP/9/82

RD 11/6/82 Grain size, mm

Clay

82/2660 0-10 SL•18 17 2013 22

67 10-30 12 20 14 1638 SL

62 SCL30-60 16 932 2122

Chemi cal data:

13.L60.02 75S2-=2<360 0.301.600-10 8.92

T 3.36 2861 0.080.L210-30 1.89

' 0.01 196.1U0.3262 0.l»130-60 0.L7

Org.C

6.A 815.23.31 ' 3082-2860 0-10

6.3 71<».aa0.3661 10-30

>i.9 203.783-.L262 30-60

ND = Not determined.

222/

C.E.O
m.e.X

Ex.Mg 
m. e-_

Depth 
( cm)

Depth
(cm)

Depth 
(cm)

N. Avail P 
opm

Base 
aat. X

TEXTURE 
(USDA)0.002 

%

Ex.K 
m.a.%

pH 
CH„Q)

Ex.Na 
m.e.%

Lab
Na.

Ex.Ca
m.e.%

Lab
No.

C.E.O, m. 
100g cla<

C.aand 
0.50 
-2.00 

%

Silt 
0.002 
-0.05 

%

H.aand 
0.25 
-0.50 

%

F.aand 
0.05 
-0.25 

%

Lab
Na0

pH 
(CaCl„)
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I. INFORMATION OK THS SITE?

Profile number: LP/10/82

Mapping unit: 11/12

Soil name: Kahare (tentative)

Higher category classification:

F.A.O;' Ferric luvisol

Soil Survey Staff (USDA):. Oxic Haplustalf

Date of examination: 24/7/82

location: 351 PP 257224

Elevation: 1080 m

land form: Plateau

(i) physiographic position: upper slope

(ii) surrounding land, form: flat

(iii) microtopography: none

Slope of which profile is sited:

land use: none
tropical.Climate:

GEHEHAX INFORMATION OH THE SOU;II.

gneissParent material:

wellDrainage class:

just dryMoist conditions in profile:

unknownDepth to ground water table:

Presence of surface stoneT rock outcrops: none

Evidence, of erosion: none
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III. BRIEF DESCRIPTION OP PROFIT,R;

The soil has a loamy sand top soil with a massive structure.

The sub-soil is sandy clay loam to sand clay with a fine medium

sub-angular blocky structure,.

PROFILE DESCRIPTION:

0-15 cm Very dark greyish brown (10YR 3/2) moist andA
greyish brown (10ZR 5/2) dry, loamy sand; very weak,
very coarse massive structure; very slightly sticky,
very slightly plastic, friable moist, slightly hard;;
many fine medium and coarse pores; many fine medium and
coarse roots; clear smooth boundary.

12-42 cm As above except for yellowish brown (10YR 5/4)AB
dry colors and a gradualmoist and light grey

smooth boundary.

Brownish yellow (10YR 6/6) moist and pale42-78 cmBts
dry, sandy loam; very weak fine, sub­yellow

angular; slightly sticky, slightly plastic; friable
moist hard dry, common thick patchy to continuous
cutans; many fine and medium common coarse pores; many
fine, medium and coarse roots; diffuse smooth boundary..

IV,
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Bts

yellowish brown

few medium to coarse distinct yellowish mottles; weak
fine sub-angular; sticky, plastic, friable moist,
slightly hard dry; common thick patchy cutans in old
root channels and ped faces, many fine medium and
coarse pores, many fine medium concretions abrupt
smooth boundary.

Bu/C

SOIL MOISTURE CHARACTERISTICS:

Mapping unit.Depth

4.574.7?9.09110-12

5.154.787.9112-42

5.594.5419.9542-78

5.454.1110.0578-123

Perth density

2.912.978.000-12 10.5911.111.50

6.08 7.8514.717.4115.191.4512-42

7.958.4515.701.969.681.4942-78

8.099.4515.774.6120.081.5878-125

Shrinking 
limit

Sticky 
limit

Available 
moisture

Linear 
shrinkage

% 
1/10 bar

%
15 bar

SOLE. PHYSICAL CHARACTERISTICS:
Plastic.- 
index

Bulk (g/ enrolling 
limit

123+ cm Laterites + D.uartiz stones.

dry, sandy clay loam, With

78-123 cm Yellowish brown (10IR 5/6) moist and light
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i-ICROKORPHOLOGY (TEE! SECSIOiT);

Lab. ITo, Depth (cm)Profile ilo. Horizon

(LP-10-82)II 82 462 42-78B

skelet grains: fine and coarse sand (mainly quartz)

plasma ordening: sepic;. plasma consists of clay + some dispersed.

organic matter

Few organic matter concentrations: organic fecal pellets.

IIIZTERALOGY:

Clay fraction

Depth (cm) Haematite ‘Ceothite FeldsparsKaolinite LIicasHorizon

+ ++42-78B +++

Pine and coarse sand

Depth (cm) MicaQuartzHorizon

++++42-78B

Many nice clay cutans’.l (some contain organic matter: black spots).

Few big ferric nodules (transported ? plinthite ?)
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ANALYTICAL DATA

Profile Na." LUP/10/82

Grain size, mmRD 11/8/82

Clay

82-2863 0-12 12 SiL47 1914 a
64 12-42 SL612 13 35 14

SCL65 42-78 623 43 1414

SuL11 a66 78-123 27 15 39

Chemical data

2.90 24T32-2853 1.25 0.65 0.080-12
T 141.6264 0.53 0.0712-42 0.26

10T 2.300.190.9965 42-78 0.28
2.98 11T0.210.8666 78-123 0.33

686.04.560.660-1282-2863
5.2 534.230.2912-4264

635.34.20.26 465 42-78
5.3 454.330.2666 78-123

■ Not determinedNO

225/

Depth
(cm)

Depth
(cm)

Depth 
(cm) •

0.002 
X

N. Avail P 
ppm

Base
Sat.X

TEXTURE 
(USDA)

Ex.ca 
m.e,%

Ex.K 
ro.e.%

Ex.Na 
m.e.% .

Ex.Mg
m.R.X

Lab. 
Na.

C.nand 
0.50 
-2.00

X
Lab 
No,

Silt 
0.002 
-0.05 

X

F.oand 
0.05 
-0.25 

%

H.anno 
0.25 
-0.50

X

C.E.O. m. 
100g clay

Org.C 
X

Lub
No.

PH .(h2o)

U.E.C.
m.eiX

.pH
(CaCl2)
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I. INFOHnIATIOIT Or? THE SITS;

Profile number; LP/11/82

11/12Mapping unit;

Liulobolo (tentative)Soil name;

Higher category classification;

P.A.O. sgxxic luvisol

U.S.D.A. Oxic Haplustalf

Pate of examination; 24/7/82

location; 351 P? 215224

Elevation: 1035 El

land form: Plateau

(i) physiographic position: upper slope

(ii) surrounding land form: flat

(iii) microtopography: none

Slope on which profile is sited;
land use; none

Climate; tropical

GENERAL HlPOxC-'ATIOH OH THE SOS;II.

Parent material; gneiss

wellDrainage class;
just dry■ Moist conditions in profile:

not knownDenth to ground water table;
Presence of surface stone, rock outcrops; none

Evidence of erosion; Hone
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III, BRIEF DESCRIPT 1017 C? IRO?HE:

The soils have a loamy sand top soil with a massive like

structure• The sub soil is sandy loam with a weak fine or

medium sub-angular structure,.

IV PROFILE DBSCRIPTIOIT:

Very dark greyish brown (1OYR 3/2) moist andA 0-15 cm

greyish brown (1GYR 5/2) dry, loamy sand; massive to
very weak,fine sub-angular; slightly sticky, slightly
plastic, friable moist, slightly hard dry; many fine medium
and coarse pores; many fine few medium and coarse rootsj
clear smooth boundary.

15-52 cm Dark brown (10YR 4/3) moist and yellowish brownAB
(T<JYR 5/4) dry sandy loam; weak to moderate- medium sub-
angular; slightly sticky slightly plastic; friable moist,
slightly hard dry; many fine medium and coarse pores;
many fine few medium and coarse roots; gradual smooth
boundary.

Bt
(10IR 5/4) dry, sandy clay loam with few fine and faint,
yellowish brown mottles; weak medium sub-angular;, slightly
sticky slightly plastic friable moist slightly hard dry;

pores; common, fine roots‘gradual smooth boundary.
common thin patchy cutans;few coarse many fine and medium

42-79 cm Dark brown (10YR 4/3) moist and yellowish brown
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79-200 cm Yellowish brown (10YR 5/6) moist and brownish3t

yellow (10YR 6/6) dry, sand clay with few fine and faint
mottles; weak medium sub-angular blocky; slightly sticky
slightly plastic, friable moist slightly hard dry, common
thin patchy cutans; few coarse many fine and medium pores;
few fine medium and coarse roots; diffuse smooth boundary.

Z'CISTDRE CHARACTERISTICS:

Depth Mapping unit

4.9410.06 5.12120-15

7.17 4.4711.6415-42

7.509.1716.6742-79

8.567.4916.0779-150

9.26 8.1817.44130-200+

CHARACTERISTICS:

Depth

14.65 2.916.844.1017.531.60,0-15

2.819.36 14.881.6715.001.3415-42

3.217.5225.852.7919.4042-79 1.45

2.8017.7522.372.9722.031.2879-130

2.8517.9924.5215.771.22130-200

Sticky 
limit

Shrinking
limit

linear 
shrinkage

Rolling 
limit

% 
1/10 bar

%
15 bar

% 
available 
moisture

SOU PHYSICAL
(g/cm^) 
Bulk 
density

Plastic 
index
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Profile; LUP/11/82 Vegetation; land uoa:

analytical data

Profile No. LUP/11/82, Routine

RD 11/6/82

Clay

82-2867 SCL0-15 51 12 322 12

68 15-1*2 25 1* SCL11 49 11

SCL69 4U2-79 30 36 1812

SCL470 79-130 321 10 t.3 11

;<38 41 7 SC71 130-2004 12 2

Chemical data

T It. 1*2 200.19• 1.701.1682-2867 0-15

T I*. 11* 170.150.6915-<*2 0.5668

1*2-79 0,03 <*.76 160.130.660.2069

*.,26 130.010.150,1*1*0.2679-13070

I*.1*6 120.020.15130-2004 0.7271 0.23

5.3 690-15 •
3415-42
21I*69 4.2-79

0.4<*70
71

229/.,..

82-2867
68

79-123 
123-2004

Depth 
(cm)

Depth
(cm)

Depth 
(cm)

0.90

0,39
0.21

5 

3

C.E.C. 
m.e.%

Haae
Sat. %

20
25

TEXTURE 
(USDA)0.002 

X

N Avail P
ppm______

4.4
4.5
3.8

3.7
4.2

5.0

4,1
4.8
5.4

pH 
(CaCln)

pH 
(H„0)

Lab
No.

Org.C
X____

Lab
No. ■

Ex.Ca
m.e.X

Ex, Mg 
m.e.X

Ex.K 
m.e.X

C.E.C, m,e. 
100g clay

Lab
No.

F.aand 
0.05 
-0.25 

%

Ex.Na 
m.e.

Slit 
0.002 
-0.05 

X

H.sand 
0.25 
-0.50

X

C.aand 
0.50 
-2.00

X

17
■ 6

Grain alze, mm
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IIIOROI.IOaPHOLOCT (THU! SBCTIOHS);

Tab. jBb. Profile I7o. Horizon Depth
(LP-11-82)H 82 463 42-79B

dominantly fine sand (mainly quartz)skelet grains:
plasma ordering: sepic

locally skelsepic (less than 462)special features:

many nice clay cutans !!

plinthite)

KHIERAIOGY:
Clay fraction

Horizon Depth (cm) Kaolinite Mica Haematite

+++B 42-79 +++

fine sand fraction
MicasQuartz

+

some ferric nodule-concretions (transported

Goethite Feldspars
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APPENDIX II

SOCIAIi - ECONOMIC SURVEY QUESTIONAIRE:

1. Name of. enterviewee and age

Name of Village

language and communication;

What is your mother tongue

What other? languages do you speak

Can you read English5e

Can you write English.

What language do you use in your home

What language(s) do you use to speak to strangers.8O

social workers (i.e. UNIP) and economic planners

Tendencey towards Urbanisation (modernisation)

Do you like to speak English and other language that are commonly9
used in urban areas.

Do you like modern dressing.10.

Do you like to move into a modem occupation i.e. Commercial11.

agriculture

— Industrial worker?

7o

6o

2O
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12. Do you often get into contact with modern industrial ideas
related to:

agriculture
building
health

-• community development etc.

1 = How large is your family

14 How many people do you support financially

few people (nuclear family) or a lot
of people (extended family)

.bevel of education
How far have you gone in formal education (standard16.

Do you intend to get more formal education17.

Social infrastructure
Who controls the social organisation of your village18.

What role does the chief play19.

What role does the united National Independence Party play20.

15 o

or grade)

Would you like to support a
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Public utilities and services

21. 'what do you think of the social services i.e. health, education,

water, transport, roads.

22O Which of these services are you aware are provided in the village
or in Kapini.

Clinic

Mobile clinic

Road improvement

Welfare centre

Spraying

Water treatment.

Which services would you like to see provided in Kapini23.

Capital and economic resources

What are your most important enterprises24.

Where do you obtain your seeds for your agriculture industry25.

Do you prefare local or hybrid varieties26.

What are the uses of your farm or agricultural produce37.

What is j iur enterprise calender like...28.
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SOIL LEGEND
i

DRAINAGE COLOUR TEXTURE USDA

I IGNESS >l20cmdeep Well Yellowish brown

pUARTz’TE Well I 2

Well

O.T’3': ■ •'£

3 I ,Well

Well 32

LIMESTONE

Low slopesWell 33

4 IYellowish brown Lower slopeWell

SCHIST

42Low slope plainMod-well Yellowish brown

'.WellGRANITE 5 2

60N 0 ’ Gleysols •ALLUVIAL N D

, IN 0WellVery shallow

t

t

Rhodicferraisol 
Typlc hoplustox

Dark yellowish 
brown(IOYR)

Ferried Luvisol
Oxic paleustalf

<150 cm 
deep

Gleyic luvisol 
Oxic haplustalf

Dystrlc regosol
Typfcustorthenfc 22

PERENT 
MATERIAL

QUARTZ- 
MUSCOVITE

>50 cm 
shallow

i

>150 cm 
deep

> 150 cm 
deep

< 50 cm 
shallow

50-100 cm 
mod- shallow

SOIL 
DEPTH

-Sandy clay 
-clay loam 

to clay(sub)

-Loamy sond 
-sandy clay 
yloam(sub)

-Sondy clay 
-clay (sub!

-Sandy clay 
-clay loom ■' 
brown(5YR)

-Sandyclay 
-clay (sub)

“Sandy loam
-sondy clay 

loam (sub)

TOPOGRAPHIC FA .O-UNESC 0 
POSITION

Uppermiddle 
lower slopes

Lower 
slopeslplain)

Upper , 
middle ■ 
slopes

River 
valley 
dambos

Dystrlc regosol 
or lithosols 
Lithic ustorthenfi

Ferric-chromic 
Luvisol
Oxic haplustalf

Lithosol 
Entlsols

Ferric-chromic 
Luvisol -- — 
Oxic haplustalf

< 150 cm 
deep

Yellowish brown 
(7.5YR-10YR)

Yellowish brown 
(7.5YR.I0YR)

Red(2.5YR) 
brown(5YR)

Red-(2.5YR) 
yellow (75YR) 
browh(IOYR)

Middle 
low 

slopes

Middle 
lower slopes

Loam
. Moderately 

shallow

■' 'Poor 
brlmpefect

-Sandy loam
-sandy clay 

loam (sub)

-Loam sandy 
-sondy loam 

to sand clay 
loam (sub)

-Loamy sand 
Yellowish brown -sandy loam 

to sand clay 
loam (sub)

70 i 
: -I I

Upper 
. middle 

slopes

Black to grey 
(IOYR-2.5YR)

River
Middle
lbwer:

Poleustalfs and luvisol are normally exclusive le. a paleustalf Is more likely to correspond to anltosol 
The problem, however, is that ferric properties are not allowed In nltosdls according the F. A.O/UNESCO 
Legend (1974) If It is recognised that ferric properties can occur In hltosoli a ferricnltosol would be more 
^appropriate for this soil.

Gleyic luvisol 
OxIchapluValf

Eutrlc regosol 
Lithic ustorthenfi

■ »<

CLASSIFICATION “ 
MAPPING 

UNIT


