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ABSTRACT

A section of Kilombero Sugar Company about 400 hactares in
size was chosen for this projeit. A detailed study with objectives
of performing soil, survey and land evaluation was carried out. Twenty
one pits distributed over the different units were excavated,
described for their external and internal features. Samples from
the horizons taken and analysed for their physical and chemical
charact eri sties. The soils were classified using the Soil Taxonomy
of the USDA, while the FAO frame-work was used for land evaluation.

Inceptisols were found to be the most dominant in the
study area, while Entisols are prominent in areas within active
river action. Ultisols occupy areas where the soils are formed
in situ and Mollisols appear only in small patches.

In the study area, six mapping units have been identified.
They are the well drained Ml imani in the west and Mtoni in the
south, the moderately well drained Msolwa and Msolwa—Bwawani
complex in central areas and the imperfectly well drained Bwawani

land evaluation of the study area has revealed that Ml -imarKi
is highly suitable for sugarcane, some parts of Msolwa and Mtoni as

moderately suitable, -while MsoiV)a»Bwaw^ni, and Bwawani. .are^eu^gimally
suitable for sugarcane growing. NyarubunguWUS found to be currently
not suitable for the growing of sugarcane. Wetness limitation is noted
to influence parts of Msolwa, Bwawani and Nyarubungu, while 
soil fertility limitationi^luenoes Msolwa^-Bwawani, Msolwa and

and Nyarubungu in very low lying, eastern parts of the study area.
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Nyarubungu. Soil Physical limitation mainly duo to texture has
also been found to influence Mtoni section.

Drainage, flood control, selection and application of
fertilizer and irrigation have been recommended ae some of the
agricultural practices and measures for increased sugarcane
production. Rice has been suggested as an alternative crop for
Myarubungu v/here sugaroane growing 1b currently not suitable.
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1. INTRODUCTION

A large percentage of the people of Tanzania earn their
living from Agriculture. This will likely remain the quanti­
tatively largest productive sector of the country’s economy

Development of Tanzania, therefore isfor the next decades.
not very well possible if adequate attention is not paid to
the development of agriculture especially along the river
valleys and basins where irrigation is also feasible. Mere
improvement of the present conditions in this field is not

New areas will have to be opened up to increaseenough.
agricultural production by means of the transformation approach
and receive people from areas where shortage of land and
employment is already pressing. One of the potential areas for
development considered in the early nineteen fifties and sixties

the Kilombero valley in Morogoro region. Sys and Bell reco­
mmended among others the immediate development of rain—fed
farming in the Malinyi and Ifakara - Lupiro areas where a
variety of crops including paddy rioe, maize and cotton showed

The Northern Kilombero Valley appeared to beprominence.

Sys and Bell also suggested an establishment of aproduction.
Kilombero Valley Authority to supervise all future agricultural
development within the valley.

Other agri cultural development potentials within the area
that have received some preliminary studies in recent years
include the establishment of rubber plantation around the
Msolwa valley (Dugeon, 1961; IIACO, 196?), fishing industry on
the river Kilombero and to a lesser extent on the lower Msolwa

suitable for cane,

(Loxton, 1953 and 1954 ; Anderson, 1961; Sys and Bell 1964) was

maize, beans, cotton, sunflower and rioe



river and a commercial game hunting in the Selous Game Reserve,
Before any large scale production of any of the above crops is
undertaken, it was recommended (Sys and Bell, 1964; IIACO, 196?)
that a reconnaissance and detailed soil surveys be carried out
to characterize the physical and chemical properties of the soils
and to establish their suitability for the growth of such crops.

In 1959, prior to the establishment of the Kilombero
Sugar Estate, a 1x20,000 soil map of the Ruaha area was
prepared by the International Training Centre for the Aerial.
Survey of the :hotherlands.. .(iIIAQEly. 4970)9Y'" 1 This soil map

was extended in 1964 to include also the Trans-Msolwa area which

was being developed for sugar cane growing. Both maps were of

prevailing soil conditions. They were intended to be used as

a basis for the planning of the layout of the estate. In
subsequent years, the need for a revised soil map became immi—

It became clear that the soil conditions on the estatenent.
were more varied and diverse than shown on the original maps.

notably the Trans-Msolwa area, showed little agreement with
the experience gained in cane—growing. Detailed soil surveys
(lIACO, 1966; 1967 and 1970) were later carried out on
Kilombero Valley to cover a large percentage of the area

In 1977, a survey conductedunder cane, Kiberege and Ifakara,
by Tate and Lyle Technical Services and Booker Agriculture
International Limited, on the development of the sugar industry in
Tanzania, recommended among other things the expansion of the
existing sugar estates in order to meet the demand for home

a reconnaissance type and gave only a general idea about the

x 2 i

Furthermore, the original classification scheme for some areas,



consumption and a surplus for export by the year nineteen ninety.
Reconnaissance survey conducted at the same time showed that
the Kilombero estate and the out growers around the estate had
a gross-arable area of 3,900 and 6,500 hectares respectively
not under cane presently (?ig.3) mainly around the present
estates (Fig.4). In order to enable the management of the
Kilombero Sugar Company and the farmers around the estate
to make rational decisions required for the expansion, a detailed
soil survey and land evaluation of the available area is
necessary.

The aim of this project was therefore to make a detailed

the areas (Fig.3) considered possible for expansion, in order
to examine the suitability or limitation of this area for cane j
production.

cane production) of an estimated area of 400 hectares in one of a.

soil survey and land evaluation (with special reference to sugar

: 3



2, LITERATURE REVIEW

Soil Survey has been defined by Young (1976) as one of
a group of activities collectively known as natural resource

These are studies of the natural environment withsurvey.
special reference to its resource potential. Resource surveys

may cover each of the following factors of the physical environ ■>.

nments geology, landfoxms, climate, hydrology, soils and vege-
Since all agriculture and all human life depends ontatien.

soil survey is one of the branches of resource surveys
A soil map is onemost widely used in development planning.

of the primary donuments on which land development projects are
based.

Land evaluation on the other hand, is the process of
estimating the potential of the land for onu usb or several
alternative uses (FAO, 1973), The data employed in land
evaluation come from three main sources: natural resource sur­
vey, the technology of the resource use, and economics. The
results are generally expressed as land evaluation maps with
sugpoottiing statistical and other infoxmation, showing the suita­
bility of various parts of the survey area for different kinds
of land use. These will noxmally include directly productive use,
principally arable farming, pastoral use and forestry, together
with other foxms of use such as water catchments and tourism.

2.1

The different systems of classification that exist today have
been developed by different national soil survey organisations to

soil,

Soil Classification
Soil cannot be described without a system of classification.

s 4



rsally accepted system of soil classification and nomenclature,
comparable to that which exist, for example, for rock types or
biological species, one national and two international systems have
some measure of international recognition*

In 1960 the United States Soil Survey produced a compre­
hensive soil classification system commonly referred to as ’’the
Bovenfh Approximation" . This system attempted to avoid the

redefining the terms used and starting with a new nomenclature

(Cline 1979). The principles of this new system, together
with the authority of the U.S. Soil Survey, attracted much inter­
national interest and some measures of adoption, particularly
among the countries that had not developed their own national

This classification is hierarchi—soil classification systems.
orders, suborders, great groups.cal, v/ith six categories:

The soil type in the earliersub-groups, families and series.
systems was dropped as a category, and texture of the surface
soil became a phase criterion, like slope and coarse fragments.
The uso of horizon designation related to those of the Soil
Survey Manual (Soil Survey Staff, 1951)’ was also discontinued

For 15 years after the publicationv/ith this approximation.
of the Seventh Approximation, the system was tested against
soil series, revised and retested several times before the
publication of the Soil Taxonomy in 1975 (Soil Survey Staff,

subgroups have been identified in the United States.

: 5 :

confusion that had arisen in the 1938, and 1949 systems (Baldwin 
et al 1938, Marbut, 1935 and Kellogg and Davol, 1949) through

1975). Todate, 10 orders, 47 suborders, 230 great groups and 1251

suit their own conditions. Although to—date there is no unive-



xonomy” merit special emphasis. One is the enormous assemblage
and the other is tho defi­

nition of taxa in terms of quantitative olass limits. The system
is not however to be considered a final fixed taxonomy and
accepted as absolute truth (Cline, 1977.)« Work on tho system
continues and a procedure to amend the system is being ■ d'ewelopQd.
An international committee has been working on the classifi­
cation of certain soils having low activity clays, which are
classified as Alfisols and Ultisols by criteria of ’’Soil
Taxonomy”. Another international committee is studying the
classification of Oxisols. Various proposals have also been made
and questions have been raised for other parts of the system.
A proposal to establish a new order for the Andepts has been

All these will require study and testing, for a changeraised.
that may appear logical and useful for one part of the system
may have undesirable consequences for another part.

Disadvantages of the U.S. system, apart from its nomo-
nclature-, include the extreme complexity, excessive reliance
OO laboratory analysis, and dependence on parameters of the
annual soil moisture, and temperature fegimes for which data
are rarely available, A further difficulty in field survey is
that owing to the rigidity of the class boundaries, natural

Problems of adopting the U.S. system to other parts of
the world especially the tropics have been observed by many

landscape units commonly contain morw than one higher-category 
olass (Webster, 1968a, 1968b)..

of data against whioh it was tested^

: 5 t

According to Cline (1979), two attributes of’’Soil Ta—



X

emphasizes that the soundness of the principles embodied in the

definition of diagnostic horizons controls the validity and

7th Approximation) arfcLllic and natrio horizons — diagnostic

horizons of particular concern when classifying Alfisols, and

Ultisols, They noted that although the clay content ratio
criteria of 1,2 or more between the eluvial and the underlying

clajr coatings (clay skins)
Under hydromorphia conditions,argillic horizons may not be observed.

many of the horizons that qualify as argillic (on. the basis of clay
content) are both massive and structureless, or weakly structured,

to an absence ofand that the lack of peds naturally leads
Where structural peds do exist, Kesseba and othersclay skins.

(1972) felt that the comparatively high olay content of the
illuvial argillic horizons obscured the olay coating features.
Furthermore, most of the sub-surface horizons cf the soils

by them having an argillic horizon contained 2:1examined
It has been noted (Soil Survey Staff, 1967)type of clays.

that soils having this type of mineralogy often nay be lacking
olay skins.

Difficulties have also been encountered in the classi­
fication of suborders, great groups and subgroups which are
defined wholly or partly on the basis of moisture regimes

scientists (Kesseba et al., 1972; Stephens, 1963; Sys, 1969;
Cline and Johnson, 1963; Deahey, 1963)* Cline and Johnson (1963)

effectiveness of the entire system.' Working with same soils 
around Morogoro in Tanzania, Kesseba et al,, (1972) encountered 
some difficulties in identifying (using the criteria of the

t 7

argillic horizons may be achieved in most cases, presence of 

on the structural units (peds) of the



Van Wambake (1967) has also(Kessfiba et al. 19725 Sys, 1969).
noted a weakness in the American System in Classifying tropical

though he believe® that it is thetboert available so> far.
He Emphasizes that its may of approach to classification of
soils is more important than what the classes are that have
been defined.

The work of D’Hoore (1965), through the Commission for
Technical CO-operation in Africa (COTA), is considered as the
first international scheme of soil classification in Africa.
Tnis scheme, resulted in the production of the soil map of

D’Hoore’s system was anAfrica at a soile 1:5,000,000.
attempt to combine the French and the Belgian systems of soil

He obtainedclassification that had been operating in Africa.

sixteen main groups, four of which are subdivided to give

twenty five sub-groups and sixty three soil types. The
classification was a natural one and in large part genetic.

the basis of parent material.
has since been used in a number of countries in in Africa, and
by the land Resources Division of Britain. Young (1968b)
noted that there was a major misunderstanding of the system
in the placing of ferrisols as an intermediate group between
ferruginous and ferrallitic soils. In the French system
(ORSTOM), two extensive latosol groups, ferruginous and
ferrallitic soils, had been clearly separated from each other
on the basis of the base saturation of the B horizon;
ferruginous soils having a B horizon base saturation of over 40
percent and ferrallitic soils under 40 percent. In the Belgian

soils,

: 8 :

The sub-division of groups into soil types was frequently on
D’Hoore’s classification system



system (INEAC), a broad group of Kaolisols was divided into
less—weathered ferxisols and highly weathered ferralsols, distiw-
nguished by the pr4sene and abseJan© respectively of olay skins.
The ferzisols in the INEAC classification therefore, have no
equivalent on the French system, and considering them as
transitional between ferruginous and fcrra.11 i tic soils as in
the soil map of Africa by D’Hoore, brings about a genetic
misunderstanding and results in overlapping definitions. Other

overemphasis on climatic zonatioh and insufficient recognition
of the distinctive influence of basic rooks. Furthexmore,
the use of the silica:sesquioxide and silica:alumina ratio
as differentiating criteria is a disadvantage, since theere are
not routine analytical determinations,’

riHoorB* s contribution however, served a particularly
valuable purpose in bringing the ORSTOM and INEAC approaches
more fully to the attention of Anglophone countries. Its
major aim was to serve as a basis for international exchange
of pedological and agronomic information. Although considerably
dependent upon analytical properties, there are nevertheless
sufficient morphological criteria for provisional class
identifications to be made on the basis of field data. It
remains a viable system for converting local surveys into
widely recognized mapping units, and a rich source of infor­
mation of natural soil properties and genetic factors. As
far as identification of natural soil units are concerned,
D*Hoore’s is belived by some people to be better than the
FAO system (Young, This does not mean however that the
system is free. from limitations.

: 9 :

limitations of the system noted by Young (1968b) included an

Its lack of'definition, at



all levels of classification tnd of diagnostic properties has
Baker (1970) for exampleled to confusion and ambiguity.

found that D^oore’s system of classification could not acco­
modate all soils found in Tanzania.

The FAO-Unosco soil map legend is now widely considered
as the second international system of soil classification,

It is used on all, FAO
soil surveys and is the most authoritative system for inte3>-
national use.

Although it is stated that, the legend of the Soil Map
of the World is not intended to replace any of ths national

to promote the establishment of a generally accepted soil
classification and nomenclature (FAQ-Unesoo 1974). The
"group” of soil units in the legend whiuh are claimed to

is based on all properties of a soil as an entity. It is
now very convincing to many scientists that the groups are in
fact Glasses at a higher level of classification and that the
FAO legend is therefore a classification system with two

Currently, twenty six groups (the higher category)categories.
and one hundred and six soil units (the lower category or the
basic element) have been recognized.

Despite of the fact that many of the soil, groups are
natural soil types, this system is structurally an art5.fi, cial
classification because it is based on small properties or single

although the FAO itself holds that it is a map legend (Dudal, 
1968,'; FAO-Unesco, 1974, Young, 1976).

be for convenience of presentation, can all but two (luvisols 
and acrisols) be identified with natural soil classes that

: 10 :

classification schemes, among the objectives of thar map are

art5.fi


It makes us© of theproperty in differentiating classes.
principle of diagnostic horizons together with horizons namos
and definitions all of v/i *ch are borrowed from the US 7th
Approximation. The names of the soil groups, e.g. rendzina,

andosol, vertisol, solonchak, solonetz, chernozem,

podzol and lithosol are widely borrowed from widely-recognized

traditional nomenclature. The FAO system therefore has some
of the defects of all artificial classifications but reduces
its main defects, notably by considerable simpliflioation.
Other than possessing tha authority of tho leading international
organisation in soil science, it is a compromise document,
incorporating features and nomenclature from various national
systems. The map units of the system consists of soil units
or association of soil units occuring within the limits of a
mappable physiographic entity. The methods of compilation
was essentially that of taking national soil maps produced by

and interpreting the
legends in terms of the FAO system; a consequence of this
procedure is that certain soil units are more likely to appear
in some countries than others. As would be expected at the

of one
dominant and up to three associated soil units, sometimes with
up to three inclusions.

that
appear to have gained much prominence include: the French
(ORSTOM), the Australian, the INEAC, the Indian, the USSR and
the Ghanahinj2j. The ORSTOM classification has been used in

while the

ranker,

virtually all French-speaking African countries,

governments, or in some cases individuals,

1:5,000,000 scale, most map units are associations,

National classification systems other than the US,

11 :



INEAC classification was developed mainly for the former Belgian
Both have their own merits and dismerits.Congo*

The Ghananian. system was devised by C.P. Charter and
This system was valuable inused mainly in Ghana and Nigeria,

being one of the few to give prominence to the influence of
It is a natural classification, based on theparent material.

In this respect it is a
better basis for understanding the differentiation of this
group of soils than the CUSTOM system, which overemphasizes the
zonal factor, and that of INEAC which emphasizes stages of
weathering rather than the direct influence of parent material.

The Australian classification systemc is an artificial
system based almost entirely on morphological properties

It is a descending hierarchicalidentifiable in the field.
structure with five categories, subdivision.'An each category
being based on single properties. The key of classification
is easy to use and profile can be unambiguously and rapidily
plaoed into its class from field survey data only. Although the
system has been considered as not suitable for international

the construction of national system if the approach is favoured.

It is obvious from the divergent views in th#- literature
that soil is inherently difficult, at this stage of our know­
ledge to classify. At one extreme are those soil scientists
who wish to create mutually exclusive classes, and at the
pther extreme are those not in favour of such classes.

recognition of two main axes influencing soil genesis, those 
of rainfall and rock composition.

use (Young, 1976), its key can be very useful as a model for

: 12 :



According to Webster (1968a), the first leads to inconsistency

Up toor absurdity and the second leads to utter confusion.

A study of the different classification systems reveals
that an important diversity exists in the way in which the
natural soil individuals are separated, named and described.
By applying a morphometric well-defined system, the US clar-
ssification has attempted to clear away this confusion. Thsr
precisely defined morphological and analytical data allow
pedologists greater communication, within a country and

It provides the most comprehensive frameworkint ernat ionally .
from which an assessment of a nation1 s soil resources and

ultimate development of agriculture could be achieved. The
FAO—Unesco map legend, although being preferred by many
developing countries because of its simplicity, caution must
be exercised when using it because of its overlapping

Coniatriesdffiflhation-ctepocially -..'f- at the lower category.
no strongly—established national dlaezifications could

suitably adopt the FAO system as a basis for highei^category
grouping.

Soil Glassification in Tanzania2.2

Soil survey of various kinds and various scales have
been conducted in Tanzania since Milne’s initial work in the
early 1930s. Baker (1970) has listed the major-soil survey

providing a fairly comprehensive bibliography of published

13 •

now, most classifications, especially those of tropical soils

works that have been undertaken in this country as well as

(e.gi D’Hoore, 1965), have been of this second type.



From Milne (1935) toand. unpublished works on Tanzania soils.
the present, throe trends in soil classification in Tanzania
oan be taaeued:

Cartographical classification, that is, the ’’soil"1.
units depicted do not form taxa of genetic or a mor>-
phologioal classification of soils.

Utilitarian classification oriented to specific problem—2.
solving situations especially irrigation.

Taxonomic classification in which soil units depicted3.
form taxa of a genetic or a morphological classification
of soils.

Cartographical classification2.2.1

The cartographical unit that has been used in Tanzania
The idea of the catena is that particular soil-is the catena.

sequences are associated with particular slope forms. Mapping
is largely dependent upon non-pedologioal information, although
pedological data collected on a broad reoonnaisance basis are
vital. Moss (1968a) noted that the relationship expressed by
the catena concept seemed so "real” that many in the 1940s and
1950s elevated the catena to taxonomic status. However the.
loss of taxonomic value which the concept appears to have undera­
ge no is probably the result of an increasing realization of the

been placed on the catena as a mapping unit in Tanzania.

complexity of the relationships between soils and slopes (Moss, 
1968a). Baker (1970) questioned the a that so far has

: 14



Certainly ’no simple catena’ t except for tho classic, Ukiriguru
example (Calton, 1952), may exist in many ports of the country#
But this is not a sufficient reason to dismiss it outright#
Milne (1935) himself recognised that the catena concept could not
be applied in all actuations#

Outside Tanzania soil/slopc units still form a major
d&t&oxxj for land classification and mapping# Notable among
these is the ’Land System’ concept of the Australian Organisa-

Baker (1970) conceded that his maps of th® landtion CSIRO.
But Sheresources of Tanzania basically follovr this concept#

landSsystan concept is fiimly based on the idea that soils and
slopes are so intimately interrelated that they can be studied
and mapped as integral units (Moss, 1958a), Thus Baker’s work
fits well into this trend of classifying Tanzania’s soils by
cartographical rather than taxonomic units as he uses a
catena-like mapping unit where physiography and soils are

This floes not imply that the catenaryhighly correlated#
Catenary mapping of soilsmapping of soils is a dead issue#

at best gives a broad soil associations in an area. What is
more relevant now is the characterization, classification,
and mapping of tho soils of th® individual catenary elements on
scales much larger than the present maps. To do this, resear­
chers must place greater emphasis on th® use of more strictly

Samki (1975) has attempted topedologioal classification.
do this with the Ukiriguru Catena. He classified tho soils
of this catena using the US Taxonomy system# Over the years,
as more people wonk in this field and as more data become
available

: 15 :
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Utilitarian Classification2.2.2

In general, largo-acole surveys have been oriented to
specific probloms-solving situations-ospecially irrigation. As
a result, the classifications employed have been particularly

Soils having similar properties, eitherutilitarian in nature.
advantageous or disadvantageous to agriculture, are grouped

Less emphasis has been placed on non-podologiooltogether.
information, although such data have been found’useful in the
mapping programme. More emphasis has been placed on specific
soil profile data such as drainage, texture and consistency.
Two examples of this trend are given by Anderson (1961 and
1965’). In the Rufiji Basin Survey (1961), principally a soil
irrigability survey, the primazy division in th® soil classi-

The alluvialfioation is into alluvial and non-alluvial soils.

Thesoils are then subdivided on the basis of their texture.
non-alluvial soils were subdivided on the basis of their colour,

In Anderson soils ofdata of significance to irrigation.
Tanganyika (1963) the primary division into well-drained and
poorly-drained soils is adopted as being important for
agricultural purposes. Although these types of utilitarian
classifications are of extremely high value, the classifications
employed present two related problems:

Firstly, because the surveys are problem-oriented, the
related to

the purpose of the survey. Texture for example, may be of
exceeding importance to the irrigation engineer but may not

data collected are quite often of specific nature,

texture, precence of cemented horizons, and other pedologioal

: 16 :
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tell the agronomist much about the fertility of the soils.
There is danger that much unnecessary duplication of survey
effort will be required in such situations.

Secondly, by localizing the classification system, much
valuable information dealing with the nature of the soils and
their management may be lost to those workers in other parts
of the country that have similar environmental conditions.
Conversely, by using localised classification, the Tanzanian
worker may not be able to correlate his soils with soils of
similar nature and management problems in other countries. To
avoid these problems, a more general classification, that oould
be applied nationally and be correlated internationally, would
bo useful.

Taxonomic classification2.2.3

Taxonomic classification soil survey in Tanzania have
been used only very recently and covers only isolated parts of
the country, covering in most cases areas around research

Notablestations and areas of high agricultural potential.
among the works already completed is that of Kesseba and
others (1972), in which they experimented on the use of the
7th approximation in classifying Tanzanian soils. Apart from
the difficulties already raised in the system, they found it
to be the best system available..
successfully characterised the soils of the ’famous* Ukiriguru
catena using the US Taxonomy classification. He identified
four soil types, Kikungu, Lusenye, Itogoro and Mbuga ocouring
from upper most slope to the valley as ^.stropept, Ustipsarf3ffi3^
Tropaqualf and P'aleustert respectively.

Later on, Samki (1975),



The FAO mapping legend has also boen used in Tanzania
since 1975, altliough published reports using the legend are

The general trend in the
country now is to adopt the FAO legend for the future soil ©lassi—
flcatdon.(National Soil Service — Personal communication),
and has been found to be well suited for mapping soils at
reconnaisanoe level and often adopted in Kenya.

2.3 Land Evaluation

The problems of understanding evaluation principles
have often been associated with the controverses in the
subject we call.land classification (Sys, 1976). In the past,
much confusion has resulted from a lack of dear distinction
between the terms ’’soil” and ’’land” particularly in ths context

According to the frame work for landof land classification.
evaluation (FAO-Unesco, 1974), soil has been defined as "a
three-dimensional body occupying the uppermost part of the
earth crust and having properties differing from the underlying
rock material as a result of interactions between climate,
living organisms, 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." This concept of soil as mapped
in soil survey, although narrower than the concept of land,
embraces many surface as well as sub-surface characteristics.

Land on the other hand, has been defined by the FAO 
frame work of land evaluation (1974) as follows: ,r A tract of

rare (Hennemann and Kullaya, 1978).

: 18 :



land is defined geographically as a specific area of the earth1s
surface: its characteristics embrace all reasonably stable, or
predictable cyclic, attributes of tto biosphere vertically above
and below this area including those of the atmosphere, the soil
and underlying geology, the topography, th® hydrology, the plant
and animal populations and the results of past and present human
activity, to the extent that theso attributes exert a significant
influence on present and future uses of the land by man.” "The

drawn from the definition of land*following conclusions can be

1. term land embraces all but theAs defined above, the
(human) attributes of the unvi—purely socio-economic

It is assumed that all approaches to inter-ronment.
pretive land classification would, to a varying extent,
take additionally socio-economic factors into account
but theso are not considered to be attributed of thn
land itself.

Thus, in developingLand is a broader concept than soil.2.
interpretive land classification from soil survey data,
additional aspects of natural environment, notably macro­
topography, vegetation, surface andground hydrology, and

investigation in an integral interpretation.

The range of indirect related attributes of land is3.
Very groat. These individual tracts of land deiffined
in terms of specific combined expressions of these
attributes tend to be unique.

: 19 :
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Although land classification is sometimes used as a synonym
for land evaluation, more proper!^ land classification includes
any method of grouping land or elements of land into classes.

fication but not land evaluation (although evaluation may bo
Stev/art (1968),applied to the mapping units which it yields).

Gib tons et al. (1968) and Young (1976) have defined land
evaluation as the process of estimating the potential of land

From tliis dotln.tt1.Anfor one use or several alternative uses.
evidently a branch of land classification,land.:, evaluation is
classification is suitability for land use.in thick basis for

Vink (1975) defined; land use as any kind of permanent
or cyclic human intervention to satisfy human needs, from the
complex of natural and artificial resources which together are

Sys (1976) concludes from Vink’s definitioncalled ’’land1’.

that land use is the application of human control on natural
ecosystems, in relatively systematic manner, in order to derive

Iiand suitability in land classification systemsbenefit from it.
is therefore the fitness of a given tract of land for a defined

Differences in the degree of suitability are determineduse.
by the relationship, actual and anticipated, between benefits
and required inputs associated with the use of the tract of
land in question.

Generally two kinds of suitability classification are
considered in land evaluation studies: actual or current
suitability classification and potential suitability class!-

Actual or current suitability classification relatesfication.

The land systems method of resource survey (Brink et al. 1966$ 
Christian and Stewart 1953 and 1968) is a form of land classi-

: 20 :



the potential of land units for a specific use in their present

Minor land improvements may involve
bush clearance or simple soil conservation work. Generally
they can be financed by the individual farmer from his own
resources or short-term loans, and do not in principle cause
substantial permanent change on the land. Potential land suits-
bility on the other hand, relates the potential of the land
units for the use in question at some future date after major
improvement such as drainage, reclamation and irrigation have
been carried out. These will require substantial non-recurrent
input of capital and will normally cause a significant and.
reasonably permanent change to the land characteristics. From
the foregone discussion, it is clear that land use resource
inventory is of prime importance in land evaluation studies.

2.3.1 Land use Resources

The land use resources that are important in land
evaluation arc generally categorized into three bnoad groups:
physical, human and capital resources (Sys, 1976).

The physical resources important in land evaluation studies
include climate, vegetation, water and hydrology, landfoun and

The general study of the climate of a land developmentsoil.
unit covers a range of factors of which rainfall, temperature,
radiation and evapo—transpiration are the most important. Rainfall
and temperature and their distribution over the years are the
main factors for the world's differentiation in eoo-olimatic zone?,
having each a specific land use pattern and deteimdndacg: the
length of the growing season for cultivated plants. The moist

conditions, with recurrent inputs and minor land improvements 

(Sys, 1976$ Young, 1976).
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evergreen rainforest and the deciduous forest with a permanent
high rainfall pattern and high temperature for instance are an
environment of the typical tropical ^rops like rubber, oil palm-,

Within this zonecJoffoe, and cocoa, and a range of food crops.
each crop may have specific climatic requirements which is
considered in a detailed investigation on land utilization

The total energy input of the world (the solar radiation)ttypes.
is also important as it determines the amount of energy to bo

coverted into heat, energize the precesses of evaporation and

precipitation and that to be utilized in photosynthesis (Baver

ot al. 1972j Sys» 1976).

(l) SomeVegetation influences land use in several vrays:
natural vegetation types represent a direct economical value

Forest may represent a utilization typefor land utilization.
for wood production while savannas and steppos are natural land

(2) The amount ofutilization types for extensive grazing.
nutrients stored in the vegetation are a direct nutrient supply
for crop production after cutting the vegetation. The amount of
nutrients stored in the vegetation will depend directly on the
vegetation type as illustrated on Table 1• The vegetation has,
together with the climate, an important influence on cycling of
nutrients and as such on some important soil properties which
may influence the final output of a land utilization typo.
Table 2 illustrates this. A clear differentiation mfbnutrisnts
cycling occurs already with the tropical moist forest zone
where the production of dry material by the vegetation is quite

In the soil however we realize that under moistuniform.
evergreen rainfo±est the pH is very low and the amount of OaO

The 0/N ratio is generally above 10.

: 22 :
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Nutrients stored in sone typical vegetation typesTable 11
(P.H. Nye and D.J. Greenland, 1965) as cited by
Sys (1976).

Nutrients stored, Lb/aore
K MgN P Ca

65 361 501499300

1^10? 110 1,890296 851 290

25251 248 394 9351.7/

45 351153 9090

Savanna in
Southern Ghana

Moist evergreen 
18 years old 
Yangonbi

Vegetation type
Dry material 
1,000 Lb/aore

Mioribo woodland, 
oopperbelt, 
Zambia

Moist semi- 
deoiduous forest, 
lower Zaire

t 23 i



24 t

V

oOX

1

B

O

03

o

ox

Vi

ox

B

o

.c

co

ox 
o 
VI

VI
VI

ro o

ha 
'co 
3

v<
Vi

VI

o
o 
Vi

Ch

VI co co

co co

CD 
—x 
Vi

Vi —x a>

o 
o

cn 
•e 
~4 
VI 
Vl

VI 
O 
Vi

CO 
-fx

-a o

Vi

co
cn

oxox•
FOo

CD 
<D P

CO
OX

VI o
VI cn

ox » 
o cn

ax
00 o

-Fx ■
Vi ox

Vi 
CD • 
cn
CD

CD • 
cn
O

ox
h3

co
o

CO 
Vi

ra
-0 o

CD 
1X3

CD 
CD

•f* •
OX
1X3

axox

ro
•
coo

m 'c tn

ax vt

co
ax

1-5 P

co
tv

<3

Vl

$

§
IV

rv

3

?
—k

§

IV

3

tv 
? —X

8
3 

CD to

•fx »•
VI

8

M
• axco

IVt

>

£ s 
CM 
<0 

§
f
o

g 
£ 
CD 

£ to
co 
ct 
4 
CD

S’
to o

w" 

I 
8.
CD o 
0 to

3 
a 
p.
5 
hd 
W- o 
£
3 

CM 
CD 
<rt- 
O
H- 
O 
P

~o

■g

h3

ax
io

Q °■ P- 
co 
cb

s
I

5x8

11

to S

I co

CO
CD

H3 
OI

OI

tJ 

a 

i o

ro o 
o

hi u o

S3 

o

x—'O

5x8

18

H> IZ>

CO pu
ftg

H-I
<0

H S 
P o H. p. 
P to
«>
H < 
CD CD 
to 4

CD

£

1X3 a o

?£ 
X—*O

<$
CD

CM

fl
p



Under moist serai—deciduous rainforest, with some dry season,
lower C/N ratio in the top soil suggests a better quality ofa

organic natter.

forest area.
A" dense—tropical foreatr...,hindrance for agricultural land use.

nay males reclamation of land more difficult and nay require
a serious input for cutting down the troos and preparing the
land.

The importance of hydrology in agriculture lies from the
fact that water and soil are the stable nesouroes on which all
agricultural land use is based. Knowledge of soil and water
conditions is indispensable for the understanding of past.and
present land use as well as for prediction, of future uses. The
soil constitution will influence the choice of crops, the land
use pattern on marginal soils, the management of specific soils,
the land improvement works, the type of irrigation and the
quantity of fertilizers to be used. On a regional basis, the
yield of crops will depend for a great deal on the natural.
fertility of the soil (Sys, 1976).

Landform is normally considered as an indirect land
resource because it helpp in the choice of land utilization

These may finally
greatly influence the amount of non-reaurrent and recurrent
inputs.

typos, influencing management, accessibility of terrain and 
development of infrastructural works.

The pH is higher and greater amounts of CaO
As a result, thisappecuni. to represent

• 2$

(3) Natural vegetation is also often regarded as a

and KgO ore available.
the best agricultural zone for development within the tropical
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The main structures of the land are essentially defined

Tho dissection of the landscape by a denso river system nay also
greatly influence the management type. Strong dissection can
prevent the installation of a plantation type of farming on

Sys (1976) observes thatsuitable soils for a considered crop.
a very dissected landscope of the lower Zaire basin with soils
suitable for coffee, oil palm and rubber is not suitable for
the large plantation block required by tho big companies, but
only for the installation of small holdings by individual famors.

widely used for industrial plantation agriculture.

Slope is another important element of landfom which plays
It is generallyan important role when mechanization is involved.

accepted that on slopes steeper than 20 per cent mechanization
becomes impossible. Cultivation on such slopes requires the
establishment of expensive anti-erosion terraces and this
complementary capital input can greatly influence the final

For slopes less than 20 per cent there are stillprofit.
important variations in productivity according to variations

in slope.

The second group of land use resources is the human resource •
No land use planning is possible without this resource. Tha
ability of the farmer plays an important part in the profit of
a fam. The study of human resources, their ability for cattle

by geological formations including teaionic action and erosion 
processes. They determine the major features of tho relief,

The large plateaus with similar soils on the other hand, aro

including altitude, which is an important ecological factor.



Peopleraising or arable land faming is extremely inportant.
involved with fishery along rivers for instance will be very
difficult to reconvert to extensive crop faming.

The population pressure will further help to define, the
land use pattern. Shifting cultivation for example remains

It lias been

In
this particular oaso, the soil fertility, amount of auldtivutable

and rapidity of the recycling process of the fallowsoils
vegetation are the most important factors.

Land use pattern, i.e. the layout of the fam, the
selection, distribution and rotation of crops, and the owner-
ship of the land ore also important human factors to be considered
in land use planning.

The t-M yri and final group of land use resource important
in land evaluation is the capital resources and economic factors.
The first requirement to realize a programme of land use planning
for rural purposes is the availability of the necessary funds
for the realization of the infra-struotural works and the land

the capital input for recurrentimprovement works. Besides this,
practices must also be available. Presence of roads, railway
and harbour are important factors to be considered. Vary
suitable soils for fruits cannot be developed for this land
utilization type and are therefore unsuitable land for this

possiblo as long as enough land is available.
esttoit&d (Sys, 1976) that chifting cultivation in the Zaire

Under Mionbo wood&and of Zambia, this
2 critical density is estimated to be 14 persons per l<m .

basin can be supported as long as population density remains 
2under 20 persons per km •
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practice if no oomunication network exists to ferry the pro­
ducts to the flonsuncr in towns. The economic situation of a
crop on the world market is also a very important factor in land
use.planning.

2.3.2 Land Evaluation Systems

Many of the approaches and methods employed in land
evaluation originated in the United States although recent
advances hate been made particularly in th® Netherlands, whore
land is unusually scarse and highly-valued, and in Canada
(Young, 1976)* The most widely used system la ths Land-Capability
Classification of the Soil Conservation Service of the US
Department of Agriculture (Klingebiel and Montgomerys., 1961 )•
Although constructed for the United States it has been widely
adopted '.for use in many other countries especially in the

The system is mainly intended as a means ofdeveloping ones.
Other features of land, namelygrouping soil napping units.

slope angle, climate and frequency of flooding are thken into
The. main concept used in this system is that ofaccount.

limitations, land characteristics which adversely affect land
The criteria used in assessing a land Unit are the physicaluse.

land properties made available after a soil survey and the
seriousness of a limitation is a function of the severity with
which crop growth is Inhibited. The capability of a land unit
for crop growth is better when a wider range of crops can be
cultivated on it than on other land unit. The system is there­
fore one of a general appraisal and not related to a specific
land utilization type. The preferential utilization type ami
land use is however reflected in the classes. An such the

28 :



arable soils are grouped according to their potentialities
and limitations for sustained production of the common cultiva­
ted crops that do not require specialized site conditioning or

Non arable soils are grouped according tosite treatmsnt.
their potentialities and limitations for the production of

permanent vegetation and according to their risk of soil

damage if mismanagod.

capability classification provides three major oato-The
(l) capability unit, (2) capabilitysoil groupings:gories of

(3) capability class. 1.

Among the advantages of the USUI land-capability classi­
fication system is its flexibility, its extreme versatility

It places stress on possible adverse effectsand simplicity.

1976). The major objections to the system on the other hand
are its negative nature, being based on limitations rather
than positive potential; that it is considerably biased towards
emphasis on the soil erosion hazard; and the fact that it does
not take sufficient account of the differing requirements of

The usual manner of applying the land-capa­
bility classification system to a local condition (Young, 1976)
is to draw a conversion table that shows kinds of limitation
down the left-hand column and capability classes across tho top.
For each kind of limitation, the value of the land uharaoteristic
judged appropriate to each degree of severity of 1 tm-i tation is
filled in. Thus in table 3 the maxmunthlopoirui&ls permitted

con easily be adapted to do so (Riquier ot al. 1970; Sys and
Fronkart, 1971)•

These are defined in appendix

to the environment and peznits interpretation in stages (Young,

subclass,

: 29 :
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and
Using this system land will belong to the lowest classso on.

to which it is allocated} thus level and freely drained land,
which would fall into Class I on the basis of slope angle and
wetness, would be put into Class IV, Sub-olass IVs, if the soil
depth were less than 30 om.

The second system of land evaluation is that developed
by the United States Bureau of Reclamation (1953). This system
classifies land specifically in terns of its suitability for
irrigation. Six classes based on their suitability for ixiigar-
tion are recognised in this system as shown in the appendix
(Systems of land evaluation). The manner of applying the
system initially involves a conversion table similar to that

in which
the permitted values of various land characteristics within

The finaleach irrigation suitability class are sot. down.
allocation of land to a particular class is based on economic
considerations, specifically payment capacity. This means the
capacity of the land to provide an acceptable income for the
farmer and at the same time to pay water charges sufficient to
amortize the capital costs of development. This system is
thus sometimes referred to as singlet-purpose economic evaluation
system.
oedures are described, emphasis ia placed on the need to determine
quantitatively, the measures necessary for land development e.g.
bush clearance, levelling, ditching, drains, cles.01 ni zation, and
requires that each of these operations be costed. The initial
and recurrent costs are set against the value of expected

of the USDA, system (Klingebiel and Montgomery, 1961),

In the hand book (USER, 1953) in which the survey pre­

fer Class III 5°
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production, and the payment capacity calculated, necessarily

making assumptions about discount rates. Thus class 1 to 3
and 6 have progressively less payment capacity, falling below
the accepted level in the case of class 6,

The USER system is specific, ref erring only to potential
for irrigation and not intended for other forms of land use.
It emphasizes on inputs and other costs, and it includes assess—
nonfc.. \ of environment hazards. The system however lacks
flexibility;. th9 specified procedures, in particular scale
and intensity survey, are tather rigid and often inappropriate
for the lower intensity of irrigation development in the developing
countries. • The survey procedures are also very complex although
the system produces final results of simplicity, namely the

The system is not designed for interpreta­
tion in stages, but only detailed and intensive survey. The
stress which it lays upon costs and payment capacity makes it
well suited to irrigation projects, in which recovery of the
considerable capital investment is a major consideration. Some
of the economic principles of this system, particularly that
of payment capacity, can be applied to methods for the economic
evaluation of major lands of land use other than irrigation.

Several attempts (Nelson, 1963; Edwards, 1970; Riquier

evaluation systems which provide a productivity index, or
rating, by means of parametric methods. In these methods,.

et al. 1970; Sys and Frankort, 1971; Sys and Verheye, 1973;
Borden and Warkentin, 1974) have been made in devising land

use) andareas of land in classes 1—3 (irrigable), 4 (special 

6 (non-dLridgablo) .
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the effects of individual land or soil characteristics are

assessed individually and then arithmetically combined. Riquier
et al. (1970) argue that tho limitations in the land capability
classification are a negative and complex concept, and that
present and future capability are bettor expressed in terns of
pro duo tivity . They further claim that tho system avoids economic
and soolalogical considerations which tend to lie outside the
scope of tho soil scientist. Soil profluvtivity, or known yields,
they further argue, provides the best grounds for understanding
betvoen the soil scientist and the economist.

The system (Riquier et al. 1970) suggests the calculation
of a productivity index considering nine factors as determirifejg

Productivity index = HxDxPxTxlT. or SJShcAxM.

Each of the factors are rated on a scale from 0 to 100,
the actual percentages being multiplied by each other. The
resultant index of productivity, also lying between 0 and 100,
is set against a scale placing the soil in one or other of five
productivity class.

of the ratings refer to the present day situation while the
index of potentiality refers to the potential productivity with
ratings according to the situation after soil management. In
calculating index of potentiality, it is necessary therefore

soil productivity via.: moisture (h), drainage (d), effective 
depth (P), texture, structure (t), base saturation (n), soluble 
salt contentratiinj. (s), organic matter content (0), mineral 
exchange oapacity/nature of clay (a) and mineral reserve (m).

» »

When calculating the actual productivity index, the value



Thethen evaluate what their repercussions are on potentiality.
management practices are generally categorized into two broad
groups: management imposed by the limiting factors, e.g. dryness,
poor drainage, shallov/ness, etc. and management imposed by
physiographic conditions and environment, e.g. wind erosion,

Disadvantages of the parametric systems are their rigidity
Most of those so far developed areand restricted applicability.

able to demonstrate good correlations between the Productivity
Index and yields of a particular crop within the area for which
the index was developed, but as soon as ono system is transferred

the ratings require sub-
stantial.alteration if they are not to give results greatly at

All of them become complexvariance with farming experience.

which the nature of a multiplicative system is unfitted to take
Indices of this type are more suited to assessinginto account.

the productivity of soil than land, and any one index can only
They may havedo so wiffiiin a restricted range of environments.

usns for research and possibly fiscal purposes, but are not well
fitted to evaluation for the purpose of land development planning.

Although the USDA land-capability classification, the US
Bureau of Reclamation land classification and the parametric

strictly land suitability evaluation systems in which separate
assessments are made of the suitability of land units for each
of a number of different, defined forms of use. They give a

as attempts are made to allow for interaction between factors,

methods have been used as land evaluation systems, they are

to a substantially different climate,

>4 :

water erosion, and forest .or bushland.

to first detoTnino which management practices are necessary and •



gemwol appraisal of the land with only soi.ie reference to
general utilization. Among the early typos of truely land
suitability evaluation is a land classification for use in New
Guinea developed by Haantjens (1965a). This provides suitabi lity
ratings for four types of uses annual crops, tree crops,

The method Off derivingimproved pastures and padi cultivation.
those ratings is intermediate between the ’’limitations" method

Each of tho environmental factorsand tho parametric approach.
Every.sating is assessed accordingis givon a rating from 0 to 6.

to its individual suitability for each of the four types of land
The overall suitability is derived from the individualuse.

suitabilities by a modified summation process, in which a single
very low rating or a combination of moderately low ratings eon
have similar effects on the overall suitability.

In 19731^ FAO panel for land evaluation defined the
concept of land utilization types and suggested the classifica­
tion of land for a specifio use (Brinkman and Smyth, 1973) • This
classification was further modified in 1973 and 1975 to yield a
standardized frame work for land evaluation (FAO, 4973; 1974;
1975? 1976). Putting together sone positive aspects of the

has suggested a number of requirements (based in part on Brinkman
and Smyth, 1973) for a land evaluation system:

1. The system should evaluate land for specified forms of
use, defined as closely as the intensity of tho study
requires

early approaches to land evaluation, and adding consideration 
of the role of evaluation in development planning, Young (1976)
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The land uso alternatives considered should be those which2.
are not only physically possible but also economically and
socially relevant; •

Evaluation should take into account both the production,3.
or other benefits, from each land uso alternative, and
the inputs or costs necessary to achieve this production.

4. The effects of the land use alternatives 00. the environ-
nent, particularly possible adverse effects (hazards).,
should be considered.

The evaluation system should permit interpretation in5.
stages, according to different purposes and intensities
of -survey.

The system should bo versatile, capable for adapt&SioU to a-6.
wide variety of circumstances, both environmental and

For essanple, it should permit adaptation botheconomic.
to smallholder farming and to estate or other large scale
forms of agriculture.

The results of the evaluation should have a degree of7.
pexmanance appropriate to its expected application; this
means not only the period over which it will be consulted
for planning purposes but the anticipated duration of the

The resultsplanned changes in land use to which it refers.
should not be unduly sensitive to short—terra economic
fluctuations.
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8.
permitting periodic revision, for example with changing
technology or with aubetojjtlaXand reasonably permanent
changes in enmncmic conditions*

The final results of the evaluation are going to bo read9.
by economists, planners and those respandlBle for adriini—

They should therefore bo presentedstoring foreign aid.
in toms whiah are simple, capable of being understood.
by the non-spccialist, whatever nay have been the complexity

The presentationof the processes which lead up to then.
should be in terns which inspire confidence in government
agencies and investnent institutions.

The FAO (1976) framework for land suitability evaluation
not claimed to be a complete evaluation system, but a frono-is

work around which national or local systems nay be oonstzruoted.
In this system, the forms of land use which serve as the subject
of evaluation arc defined as closely as the purposes and intensity
of the survey required. In reconnaisanoe surveys they noy be major
kinds hf land use, e.g. perennial cropping, forestay. In more
detailed surveys they nay be individual crops or plant species,
e.g. oil pain, Pinas patula> farming systems, e.g. snailholder
nixed arable and dairy fanning} or other land utilization types>

It is essential that th© forms of land usee.g. national parks.
be properly defined in this system.

The FAO system is a classification structure with four

At the sane tine the systen itself should be flexible,
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origin three orders, suitable (s), conditionally suitable (cs)



At a later stageand unsuitable were recognized and defined.
(FAO, 1975), the order "nnndi-Manally suitable” which had been

subject of raisunderetonding and Disuse was renoved and rennineda
The order ’'Suitable” refer© to land on wliiohwith only two orders.

sustained use fora the defined purpose in the defined nonner is
expected to yield benefits that will justify required recurrent <

inputs without unacceptable risk to land resources on the site or
The "unsuitable” order on the other hand isin adjacent areas.

land having characteristics which appear to preclude its sustained
use for the defined purpose in the defined nonner or which would
create production upkeep and/or conservation problens requiring a
level of recurrent inputs unacceptable at the tine of the intej>-
pretation.

Land suitability classes indicate degrees of suitability
within orders. The franework at its origin (FAO, 1973) pernits
conplete freedon in det emining the nunber of classes within each

three classes within the suitable order and two classes within the
unsuitable order. The classes are indicated by arabic nuabers in
sequence or decreasing suitability within the order, e.g. S1, S2, SJ,
indicating respectively suitable, noderately suitable, and. •

suitable for that" bidor: and tit and U2
indicating actually unsuitable but potentially suitable and actually
potentially unsuitable respectively. No fim criteria are given
for defining the classes. This p emits conplete freedon in the
choice of the criteria in order to elaborate the degrees of suit­
ability within the orders. For each specific case a specific
nethod has to be suggested.
evaluation of Land linitations or even through a parunetrio nethod.

f
Appraisal can be done according to an

: 38
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land suitability sub-classes orc divisions of classes
reflecting kinds of limitations, or main kinds of improvement

They are identified by lower-neasures required within classes.

limitation, t = topographic limitation. Subclasses are written
Recognition of subclasses is only worthwhile

These diffe-the broad nature of their management requirements.
renoes can rarely be expressed conveniently by precise definitions
but they require to be explained in the supporting text. The
land suitability, subclasses that have been defined so far are;
c = climatic limitations; t = topographic limitations; w = wetness

salinity (and/or alkalinity) limitations; f = soil
fertility limitations not readily to be corrected; s = physical
soil limitations (influencing soil/water relationship and manage­
ment) and e = erosion hazard limitation. It should be noted that
there is no subclasses in class S1.

land suitability units in the framework are divisions of
the sub-classes which differ in minor aspects of the management

They are identified by arabio numbers in brnbtaotsrequirements.

There
is no limit to the number of units recognized v/ithin a subclass.

The guidelines for the use of the FAO system is well
documented in the framework of land evaluation (1976). This
involved four phases (Sys, 1976).

limitations; n »

case letters with mnemonic significance, e.g. w = wetness

(Young, 1976; Brinkman and Smyth, 1973), o.g. S2w(2) or-arabia 

numbers following a hyphen (FAO, 1976), c.g. S2o-1, S2e-2.

in so far as it assists in distinguishing lands that differ in

thus: S2w, S2t, S2wt.



Requires the chraracterization of the land dovelopnontPhase I
units in pedological terns, mentioning the ahhracteristios having
an influence on the limitations used to define the subclasses

In a regional scale, the data in
phase I are best summarized in a table form, listing all land
units and their characterizing pedologioal terns.

Phase II Requires definition of the evaluation criteria for the
considered land utilization types. This involves construction of
tables for utilization type, taking into consideration the
characteristics mentioned in phase I and their degree of limi­
tation*

Phase III Requires characterization of land units in evaluation
This can be achieved through transformation of the firstterms*

table mentioning the land characteristics for each land unit*

These land characteristics are replaced by an interpretation

expressed as a degree of limitation (0, 1, 2, 3, 4) using the

suitability tables or expressed as a numerical rating taken from

similar suitability tables as shown in table 4*

Requires the criteria for the definition of thePhase IV

classes to be defined as for example in the following cases

S1: land units without limitations or with only slight
limitations

land units with slight and no more than three moderateS2:
limitations

(topography, vretnoss, salinity and alkalinity, natural fertility, 

and soil characteristics).
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Table 4* Guidelines for depth limitations — an example of
evaluating land characteristic parameters (lifter
Sys, 1976).

Degree of depth limitation (cm)
0 1 432

-1010-2090 40-90 20-40+

60-90 40-60 20-40 -2090+

+ 150 60-9090-150 30-60 -30

+ 150 100-150 50-100 20-50 -20

land
Utilization 
type

Deep rooting 
(perennials)

Annual root crops 
(ruin fed)

Irrigation 
(farming)

Qeroals and pastures 
(rain fed)
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land units with no re than 3 noderate limitations and/orS3:
no more than one severe limitation that do not however
exclude the use of the land

U1: land units with one severe limitation that excludes the
ude of the land or more than one severe limitation that
can be corrected

land units with severe or very severe limitations excludingU2:
the use of the land and which cannot be corrected.

Like the FA® nap legend for soil classification, the FAO
framework for land evaluation borrov/s quite a number of features
from other systems especially from both the USDA and USER systems.

sub-class and unit
have much the same meanings as in the USDA system, and in the
two latter cases the sane symbols. The framework does not

but in practice
based upon it are likely to use conversion tables whichsystems
in whole or in part, the concept of limitations. Itiploy,
radically from the USDA system in three respects: first,differs

that suitability is assessed separately for each form of use?
secondly, in that it makes use of land qualities in place of
individual, land characteristics; and thirdly, that it places
emphasis on economic aspects. In this last respect it has
borrowed the concept of payment capacity from the USBR system.
When applied to the economic evaluation of a proposed irriga­
tion scheme its approaches and methods become very much sirri lap
tj those of the USBR system, FAO classes S1, S2, S3 and U2

: 42 :
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corresponding to USDR classes 1, 2,3 and 6. The USBR system

therefore appears to be fully compati'Bie.L- with the fronev/ork,

inportant contribution of the FAO frameworkis not* The nost
however is the enphasis placed on the f&vt that- different foxns
of land use have different requirements, and that consequently
these uses nust be defined and land suitability assessed.

It still requires to be tested extensivelyseparately for each.
by application to a wide variety of environments, physical,
economic and social conditions, and to a broad range of planning
purposes before it could be adopted internationally.

The Role of Land Evaluation in Development Planning2.3.3

In the conventional approach to land development planning
it is regarded as a process consisting of three phases: description,

The phase of description includesevaluation and development.
natural resource surveys, of which soil survey foms one, along
with the collection of information on agriculture, economics and

In the evaluation orother aspects of existing situation.
appraisal phase information from resource survey is combined
with that from technology, such as crop requirements and
agricultural methods, and expressed as productive potential.
The development phase is concerned with the physical planning
necessary to convert this potential into production.

The three phases are to some extent successive in time.
Information collected during one phase is passed on to, and
serves as a basis for, the next. The completion of each phase
is narked inter alto by the production of naps: soil, landform

whereas the USDA system, owing to its general-purpose nature,
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and other naps showing the physical environment at the
conclusion of resource survey, land suitability nape following
evaluation, and development plans at the conclusion of the project
survey#

Where this three phases approach is combined with diffe­
rent scales and intensities of survey a cyclic pattern can be

At the initial stage, aenvisaged, as illustrated in table 5#
country or a region conducts a survpy at the reconnaisanco scale,
perhaps a land system survey, for resource inventory purposes#
The evaluation nap derived fron this survey is qualitative and
shows suitability for najor hinds of land use# If the rewtnam-

survey is sufficient to identify possible development
projects, then the next step is to carry out a feasibility survey

The resource surveys for thisof at least ono of the projects#
ina'ludc a soil survey at the semi-detailed scale# The land
evaluation nap fron such a survey is paxcdwood-ixd/tixflly.-CBii'- •,
quantitative physical land suitability tains, since the timing
of development is unknown and there is hence a substantial
degree of uncertainty over costs and market prices; subsequently,
but still within tho feasibility survey, the physical suitability
specifications are translated into current economic terms# If
after the feasibility studies the project proves to be techni­
cally feasible and economically competitive, a decision to
proceed with it may then be made#

Tho three-phase approach, to the extent that it involves
the separation of resource survey evaluation and development
planning into separate and largely successive phases, has been
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Table 5.

and Smyth (1973) and Young (1976) •

Purpose of survey

1.

2.

3.

1.

2.

3.

1.

2.

Preparation of project, plan.3.

Development survey 
of project

Preparation of regional plan; identifi­
cation of possible projects.

Resource surveys, semi-detailed scale; 
including soil nap.

land evaluation: suitability for 
defined land utilization types in 
economic terns.

Resource surveys, reconnaissance 
scale; Including soil-landfom or 
land system nap.
Land evaluation: qualitative suitability 
for major kinds of land use.

Selection of project; funding and 
decision to proceed.

Resource surveys, detailed scale, or 
supplementary to those of feasibility 
surveys.

Feasibility survey of 
possible projects

Re souro e/invento ry/ 
Pfojoct location

The place of land evaluation in an idealized sequence 
Of development planning. Based in part on Brinkman

Land evaluation: (i) quantitative 
physical suitability for land uti.llza— 
tion types; (ii) economic analysis.
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criticised on severed, grounds (Moss 1968b, 1969; Young 1976;
Davidson, 1965). Ons of the criticisms lie in the practice of
treating evaluation as an office exceroise began only after
the completion of fiold survey. Another critisisn of the convens-
tiOhalj methods (Moss, 1968b, 1969) is an argument that
methods of resource survey based upon geomorphology lead tfe
o...-static approach to environmental resources, and that this
needs to be replaced by a dynamic approach based upon ecology.
(Moss 1968b, 1969) proposed what he termed contemporary funo-
tional relationships, or bio oenological approach. Ho argues
that every area of land consists of a geo-eaosysten, components
of which include landforms, soil, soil moisture, vegetation, and

Each of thesethe cropping pattern over a period of years.
components affects the other; for example there are multiple
and reciprocal relations between vegetatior/land use, soil
moisture, soil organic natter and nutrient levels. Many
components of the goo-ecosystem are in a state of change,

Soil organic natter and nutrient levelscyclic or permanent.
for instance vary cyclically between fallow and cropping periods.

Moss (1968b, 1969) argues further that by taking geomor­
phology as the basis for natural resource survey, as is done
in the land systems method and in much soil napping, a static
approach is engendered since landforms,change only very slowly

The result is a picture of the environment whichover tine.
sees it is offering a given, fixed quantity of resources, which
nay be made use of by nan. In reality there is a continuous
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typo of intensity of land use, which is invariably a consequence
of development projects, will therefore load to changes in the

The way to take account of this inter-resources themselves.

survey on the ecological approach, viewing lond/guan relations
as functioning systems.

The second challenge to conventional methods was made
by Davidson (1965). Hb suggests that the sequence description
— evaluation — development should be reversed. He cited
examples from northern and central Australia where large suns
of money and tine was spent on descriptive account of the
environment, with only relatively brisdS evaluation sections

Davidson (1965) argued that most ofand no economic analysis.
the land surveyed oould be shown to have little or no potential
for development on an economic basis; any money invested in
land development would be more profitably spent on the already
settled areas in the southern and eastern ports of the continent.
He concluded that the surveys were therefore collecting infor-
mation which was of no use as a guide to investment, and were
therefore a waste of government money.

Davidson (1955) suggested that economics should be
The crops or other forms of production whichtackled first.

give a sufficiently high return from capital to compete with
other forms of invostiment should first be determined, by
considering market prices of crops in relation to costs of
production. Shis analysis he argues, should lead to the

•''wStcnic.s proposed by Moss (1968b, 1969) is to base resource
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conclusion that certain types of land development would ropay
investment, given the present state of technology and market

whilst production costs regained below a corresponding level.
Tho environmental conditions requisite for such levels of
output and costs could then be determined; location and trans­
port costs would play an important part in such analysis. The
specific conditions required could then be sought in the field,
with a great saving of field costs. In. theory, nothing but
"useful1* information would be collected.

Much as Davidson’s economics - first approach may appear
better than the conventional methods, it has disadvantages at
least equal to those of the conventional approach when carried

Natural scientists would have no constru—to a similar extreme.
ctivo contribution to make as to how the complex and varied
resource potential of the environment might be put to use. In
addition much resource data of relevance to development would

V/hat can be learnt from consideration of the eoono-be missed.
mios-first approach, however, are some disadvantages of proceeding
in an squally rigid way with the conventional approach without
any feedback from economics to resource description. Natural
resource surveys are prone to collecting data which is of very
little use in evaluation and almost none in development, such
as the detailed differentiation of soil types on lend which

A solution to the disadvantages ofis clearly non-arablo.
either of tfiese procedures when followed rigidily is that there
should be greater communication between natural scientists and
economists at all stages of a project survey.
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Another alternative to the conventional methods of land

development is matching land use tyftes with environment as

proposed by Beek and Bennema (1974) and Beek (1974)* Their
approach is considered as a positive contribution to methods
of land evaluation rather than a critisism of existing practices.

something much more than simply a matter of what is done with
the land itself, e.g. maize cultivation. A land utilization type
is regarded as a “technical organisation unit in a specified
so oic-institutional setting”. The key attributes by which land
utilization types can be identified are: the produce e.g.
crops, timber, beef; land tenure systems (legal status); size
of faun; labour intensity; capital intensity; level of teo.hrti cal
knowledge; income level; faim power (power source, implements)
and technology.

When one considers land utilization types as organizational
units defined i; some detail, the process of land evaluation is
then regarded as one of "matching" environmental resources with
land use types. The results of resource surveys lead to a first
provisional description of land utilization types which might

The land utilization types so defined arebe suited to them.
compared in suitability terms with the land mapping units
identified from resource survey. The provisional description
of land utilization types is then modified in the light of this

way that it becomes more closely matched
with the environmental potential. . The final result of this
matching process should be a series of land utilization types,

suitability, in such a

It is based upon a view of land use types which regards these as c
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which are the most highly suited to

There are thus two inputs to the process of land eva­
luations: the results of natural resource surveys and the
specifications of relevant land utilization types. The match of
the two is often systematized by means of a conversion table.
From the land mapping units defined by resource survey, land
qualities are obtained (e.g. moisture ©vailability, rooting
conditions); conversely, from the specifications of the land
utilization types, the land qualities required for their
successful functioning are derived. The one set of land
qualities is compared with the other, resulting not only in
land suitability classes but also management specification:" for
each land mapping unit.

The basic concept behind this approach is that land can
only be related according to its suitability for a specified
purpose^; and therefore the purpose, namely the land utiliza­
tion type, must be specified just as closely as are the envi­
ronmental conditions of the land.

defined in some detail, 
each part of the survey area.
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3. GENERAL CHARACTERISTICS OF THE KILOMBERO SUGAR ESTATE

3.1 location and Extent

and longidudes 36
of Morogoro Region, Tanzania (Fig.1). To the west it is bounded
by the Gologolo and Migomberama mountains v/hich rise steeply to

To the east and southa height of over 3,200 m. above sea level.
is the hilly low plateau of the Selous Game Reserve and to the
north is the Mikumi National Park, The altitude of th® estate
is around 300 m and most of the land slopes gradually from north

The study area is located to the western side of the
Kilombero Estate near the escarpment, between the Msolwa and
Sanje rivers (Fig.3). To the north and north-west of the area
is the tributary of the Msolwa river and the Gologolo mountains;
to the west is the Gologolo mountains; to the south is the Sanje
river and to the east is the Nyarjcbungu stream and Msolwa plains.

Geology3.2
The valleys of the Ruembe and Msolwa rivers are part of the

Along the western margin of theAfrican rift valley system.East
the hilly and mountainous^ terrain. of Central Tanzania

The raised block to the west constitutes the Gologolo and Migomberama
mountains, consists of igneous rocks of the Usagaran System of the
basement complex (lig.2 and 4). These Usagaran rocks are known to be
composed of two major stratigraphical groups.

(a) Mignatic gneiss with biotite and 
Usagaran undifferentiated.

or hornblende together with

west to south east with gradients generally less than 0.5°.

The Kilombero Sugar Estate is located in the Msolwa and
Lower Ruembe Valley between latitudes 7° 30* 7° 501 south,

i° 50’ and 37° 10’ east of the Kilombero district

Kilombero estate, 
is separated abruptly by a north south fault system (Whittingham, 1963).
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Figure. 3- Potential expansion areas-^— around the existing sugar estate
• as surveyed-Booker Agriculture International Ltd (1979)
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(b) Granulites with mignatic gneiss
The former group occurs to the north and. nortb/west of Sanje
whilst the latter occurs to the south of Sanje.

Overlying the Usagaran rocks in the valley floor are the
colluvial and alluvial sediments of Neogene times ■ These have
been differentiated (Whittingham, 1963) into two broad groups:
light sandy earths, cemented sand and gravel; and alluvial

the Kilombero estate area although only the areas of alluvial
sands and silts are used for intensive cultivation* At the
eastern margin of the estate within the Selous Gene Jtesexva

is a relatively small outcrop of Karroo sandstone. It is
thought that this formation could extend west of its present 
outcrop as far as the escarpment underlying the Neogene sedi­
ments in the valley floor (Anderson, 1961).

Geologically the study area is dominated by ool.lnvi.al

appear to have originated from the Gologolo mountains while the
alluvial sediments appear to have been deposited from the Msolwa
river and its tributaries.

Geomorphology3.3
Within the faulted valley system of the Lower Huembe

The
Great Ruaha.is by far the largest river near the area. This

and Msolwa valleys, the major land forming agents are the rivers 
flowing from the elevated lands to the east and south.

and alluvial sediments of Neogene times. The colluvial material

sands and silts. Both these groups are found extensively within
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river flows through a narrow gorge through th© Gologolo mounta-*
ins carrying with it high sod-inont load during the rainy season
which is deposited when the flow rate decreases at the bottom
of the scarp as the river enters the Ruembe and Msolwa rallcy.
The pronounced seasonal nature of the flow combined with
frequent flooding has resulted in numerous course changes over
short time intervals leaving a slightly undulating landscape
with sand banks, old channels and levees. Further from the
rivers, basins occur in which the finer fractions of the river
sediments have been deposited.

The st3alJ er rivers of the valley, with the exception of
the Ruernbe, show similar features but on a very much sma.ll.or

The Ruembe flowing from the north is also subject toscale.
flash floods, and deposits large amount of alluvial in the

It is on these latter deposit®- that a largearea cast of Kidodi.
fraction of the KII estate has been established. At the foot-
of the western escarpment, distinct colluvial fans have been.
formed by the numerous small streams carrying primary weathering

These have slopes of up to 5<o andproducts from the mountains.
frequently contain layers of very coarse grained sediments.
These colluvial fans also act as aquifers for water draining

This water subsequently comes to thsdown from the soarp.
surface in a series of springs at the junction between the
colluvial deposits and the alluvial sediments..

In the south of the estate is an extensive area of
relatively flat, uniform, fine textured sediments which are
likely to have been deposited by the Ruaha during an earlier ;p



period.

followed the present course of the Msolwa river. In the
Selous Gone Reserve, the Karroo sandstone and basenent complex
formation have been eroded to form an undulating plain with
occasional rock outcrops. Slopes in excess of 5% are not
uncommon in this area, and the lower lying depressions are very-
poorly drained, frequently with swamp features.

Natural Vegetation and Land Use3.4
Prior to the establishment of the Kiloribero Sugar Estate,

a large proportion of the alluvial soils was covered by a tree
bush savanna with smaller areas of buth and grass savanna.
Substantial areas with natural vegetation still exist around

These arc however rapidly • disappe-the norgins of the estate.
aring as the pressure for land in thoJ-valley-continues tn-rise.

The doninant grass of the undisturbed and fallow areas
is Hyparrhenea rufa which characteristically grows to a height

In the more open areas the tree cover isof 2.0n or nore.
dominated.-' by a variety of Acacia species which give way to
Brachystegia dominated woodland where the vegetation thidfteoBS
Large areas of land not used for sugar cane cultivation are used

In the inperfectly drained basinto grow subsistence crops.
aieas, rice cultivation is very prominent. On the lower terraces
close to the Great Ruaha river which have adequate•soil moisture
for most of the year, intensive cultivation o£ maize is practised.
The maize is frequently intercropped with tomatoes and other

In general, the more elevated and better drainedvegetables.

It is believed (Anderson, 1961) that the Ruaha once

: 50 s
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areas support a v/ido variety of crops including maize, bananas, ,

cassava, pawpaw, :beans, sorghum, peppers and vegetables (Booker

1979).Agriculture International ltd

3.. 5 Olinate

The olinate of the Kilonbero Estate is a tropical rainy

”Awa" climate)

with pronounced dry and wet seasons (lIACO, 196?). The rainy
season lasts from November or December to May with possible
dry spells of three weeks or more in the period of January up
to and including the first week of March (Table 6). The mean
annual rainfall amounts to about 1400 mm around the volley,
rising to about 1600 rm in the foothills of the Kilonbero

About 40 percent of the total annual precipitationEscarpment,
falls in the month of March and April, mainly in the fom of

The onset of the rains and thedownpours of high intensity.
rainfall distribution pattern over the years are not very reliable
and irregularities in the rainfa.11 very often cause failure of
seasonal crops owing to either drought or excessive rainfalls
The lower Ruernbe and Msolwa Valleys rainfall (Table 6) is
nearly always abundant for one crop in the rainy season, but
dry season crops need irrigation. The period from June to
October are usually dry, with a mean monthly rainfall of 25 mm.

The average monthly temperature, calculated from doily

during the wet seasons An examination of the temperature data

Climate (in the terns of the Koppen System an

observations of maximum and minimum temperatures varies between 
21° and 25°0 during the dry season and between fi5° ani'.28°C
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(Table T) reveals that the period from OotoWar to May has high

temperatures while June to September has low temperatures. The

relative humidity also changes with the seasons, being highest

during tho wet season. Duritg the dry season the fields are

ometimes wet in the morning owing to due. The annual average

evaporation (calculated from class ”A" .jjan) is 1899 mm and

the coefficient of variation is rather low. This evaporation

data gives an indication of the evapotranspiration loss from
the area which is normally related to the yield of crops.
Moisturo deficits calculated using the average evaporation and
rainfall data (Table 6 and 7) are significant in June all
through to December in most years. The duration of sunshine
tends to be low during the month of April to September, with
monthly average of between 5.3 and 6.4 hours per day. The
annual mean sunshine hours is around 6.4.

The high rainfall intensity of the steep mountains
causes flash floods in the small rivers and streams. This
does not present serious problems in the mountains and foot­
hills whore the rivers have very often a rocky bed and a steep
fall. Once these rivers have entered the main valleys
(Kilombero, Msolwa and Ruembe) however, the river teds become

Veryshallow and narrov/ and fail to carry the flash floods.
often too, the overflow is obstructed by fallen trees and

As a result, the rivers overflow their banksother debris.
and inundate large areas in the valleys, in addition to the
water already on the land due to rainfall. A quick discharge
of this inundation water back into tho rivers is sometimes
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As a consequence thehampered by the dense grass vegetation.
water drains very slowly and large areas in the valleys remain
inundated for several months during and after the rainy season
with v/hat is called the ’’creeping flood”. Parts of the flooded
areas never dry up and have become permanent sv/amps (iLxCO, 1967)*
Observations regarding the shallow groundwater movements
(iLACO, 196?)f indicate that during the rainy season and sone

tho soilmonths thereafter the groundwater level roaches up to
the dryAt the ehd. ofsurface in large parts of the valleys.
soilseason the groundwater level is rather deep below the

surface except in narrow strips along the perennial rivers v/here
river-water seeps through the soil.



4.0 MATERIALS AND METHODS

4.1 Aerial Photograph Coverage
Three sets of aerial photographs covering the area were

obtained*
(a) 1:40,000 Fair Air Photo Services Ltd. taken in 1956
(b) 1:10,000 Spartain Air Services Ltd. token in 1965
(o) 1:10,000 Goosurvey International Ltd. token in 1974

aerial photographs by the Spartan Air Services Ltd. onlyThe
covered the lower part of the survey area while the Geo survey
International Ltd., though most recent, covered only the north­
western part of the area. The Fair Air Photo Services photographs,
although covering the whole area, are anong the oldest photo—

The three sets of photographs were however used during the preli­
minary stage of the survey to differentiate the broad soil asso­
ciations in the area before the field work began.

Field Survey Methods4.2

A topetgraphia? nap of the area on a scale of 1:10,000
prepared by the Kilorabero Sugar Company was used as a baso map.
The base line was placed at about the middle of the survey area
in a west-east direction using a dumpy level. The ground was ••
then covered by making parallel traverses, 200 mciapart and
perpendicular to the base line. Features which were observed
along the grid lines were noted and final details traced from
the relevant aerial photographs and the base nap. Aggerings
to a depth of about 120 m and an interval of about 200 n along

graphs in the country, usually of the poorest technical quality, 
thus restricting its value for interpretive work (Cook, 1974).

: 64 :



all traverses was carried out and tho texture of the soil
determined by feel* Altogether a total number of ninety four
auger holes were rac.de and characterized (Eigi*5)* •

Twenty one soil pits distributed otrer the different soil
units were excavated to a depth of about 150 on q» to a water

The soil profiles were described in detail accordingtable*
to the FAO Guidelines for Soil Description (FAO, 1967.) and the
Soil Survey Manual (1951)* Colour was deternined by the Munsel
Colour Chart (Munsel colour company 1954)* Samples were then
collected fron each horizon of each profile for chemical and
physical analysis. Before analysis, the samples were air
dried, gently crushed and passed through a 2 nn sieve* Sub-
samples were further crushed and sieved through a 60-mesh sieve
for chemical determination.

Soil Physical Properties4.3

4.3*1 Particle Density
Tills was deternined by the pycnometer method as described

by Blake (1965)* The density is the ratio of the mass of the
sanple obtained by weighing to the volume of the material
obtained fron mass and density of water displaced by the sample
in the pycnometer*

4*3*2 Bulk Density
This was deternined by the core method (Blake, 1965).

A cylindrical metal sampler of known volume was gently driven
into the soil (in order to avoid compaction, of the soil) gently
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dug out to rcnovo the protruding soil mass from each end using
a sharp knife.

The bulk
density wsb then determined by the ratio of the oven dry mass
of soil to the volume of the core.

4.3.3 Particle size distribution

This was determined by the hydrometer method (Day, 1965).
The soil was dispersed with sodium hexanetaphosphate (Calgon)
and subjected to an end to end shaker for about twelve hours.
The suspension was then carefully trunsfered to a one litre
sedimentation cylinder and the contents brought to nark with

The contents in the cylinder was then stirreddistilled water.
At exactly five minutesby a brass.rn.etal and left to settle.

from the time of settling the hydrometer was read to give the

The temperaturecontentB.of1 silt-end clay still in suspension.

Afterof the suspension was also road to allow for corrections.
five hours of settling, the hydrometer was road again to give
the content of clay alone in suspension. Temperature v/as also

The difference between the valueread for correction purposes.
at five minutes and five hours gives’ *.... the amount of silt

Percentages of silt, clay and sand werealone in the sample.
Blank correction was also carried out to removethen computed.

the error due to the dispersing chemicals used.

4.3.4 Available water
This is theoretically defined as water held between field

capacity and the permanent wilting point. The field capacity

The samples y/ere then dried to a constant 

weight at a temperature of 105 — I1O°O and weighed.
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4.4.3 Organic Carbon

Th© organic oarbon Y/as estimated by the wet—combustion
nethod of Walkley and Black (Allison, 1965).

in the soil. utilised was taken as a
A correction

factor of 1.33 was used while expressing the final result.

4.4.4 Available phosphorus

Available phosphorus in the soil v/as extracted with 0.03

reduced nolybdophosphoric blue colour nethod as described by
Jackson (1958). The pH of the system v/as maintained at 3.0 v/ith
4 normal NaOH or 4 normal HC1 as requiredj 2, 4 — dinitrophenol

Brom the standard phosphorus curve thewas used as indicator.
colour intensity Y/as measured by spectrophotometer at 660 mm
wavelength.

4.4.5 Cation exchange capacity

The oation exchange capacity vras determined by ammonium
saturation nethod (chapman, 1965). The soil was saturated with

The residueneutral normal ammonium acetate and then filtered.
v/as washed with methyl alcohol, subsequently shaken with 4

solution and filtered.percent KOI

Markham distillation apparatus.

normal NH^F plus 0.0J* normal HC1 as described by Bray and Kurtz 
(1945)*P in this extract v/as determined by the chloro stannous

The NH .-Ji in the filtrate, 4
which is a measure of the CEC of the soil was determined on a

Normal K Or <D 2 2 p
were used to oxidise the organic carbonand concentrated H_SO, 2 4

The amount of KgOrgO?
measure of organic carbon content in the soil.
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4.4.6 Extractable bases
The determination of the extractable bases was done using

the ammonium aoetate extract. Plane photometer was used for the
determination of extractable potassium and sodium (Pratt 1965)
■while EDTA method was used for the determination of calcium and
magnessium.

4.5 Soil Classification
From the field and laboratory data the soils were classified

according to USDA, Soil Taxonomy (1975) system from the category
of order up to subgroup level. . .a .

4.6 Mapping Units
Identification of the soil napping units present in the

area was carried out with the help of the information obtained
from the field survey, following the soil survey manual (Soil
Survey Staff, 1951). The slope, texture of topsoil and mottling
were mainly used as distinguishing characteristics in compounding
mapping units which contain more than one taxonomic class.

4.7 Land Evaluation
The information obtained from field and Laboratory data

and the suitability table adopted from Sys (1976) were used
to evaluate the land with the help of the criteria defined and
outlined in the Framework for land evaluation of FAO (1973), up
to the subclass level.
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5. RESULTS AND DISCUSSION

5.1 Soil Classification
The inforaation on the field observations is presented,

followed by tabulated laboratory data for some physico-

System (Soil Survey Staff, 1975). However owing to the
unavailability of mineralogical data the family level has

The results of this classification arebeen omitted.
presented in table 8. Appendix III shows a sketch
distribution of the soil orders, found in the study area.

Classification of the soils using the Soil TaxonomyTable 8.

System (1975)

Ultimate ClassificationProfile number Order

Aquio Ustifluvent Entisols6
Typio Ustipsamment Entisols7
Vertic Ustiorthent Entisols8.

Entisols20 Humaqueptic Pluvaquent
1, 2, 3, 4, 9, 12, 14 Ustic Humitropept Inceptisols

Aquio Humitropept15, 17 Inceptisols
Typio Eutropept12 Inceptisols

Typio Tropaquept21 Inceptisols
18, 19 InceptisolsAeaEtc.- Tropaquept,
10 Cumullo Haplustoll Moll Isols

Ustic Tropohumult5 Ultisols
11 Aquic Tropohumult Ultisols

chemical properties.^ Soil classification for each profile 
has been done to the subgroup level using the Soil Taxonomy



The most dominant diagnostic surface horizon in

the study area is

epipedon.

Sub surface horizons are dominated by cu canbio
horizon and only few had characteristics of an argillic
horizon; other profiles studied had no diagnostic subsurface
hotrizma.

5.1.1 Entisols

3/8/79Profile 6

External'. features
Located at about 600 metres east of Ifakara —

Mikuni road; undulating, linear, about 3 kn, south
facing minor slope with major slope east facing, approxi­
mately 2% gradient, pit site near lower parts of the slope;■ .-•+

ustic soil moisture regime, isohypert hemic soil
temperature regime; currently under sugar cane, colluvial
material, moderately well drained; slightly flooding.

Internal features

Greyish brown (2.5IH 5/2) dry, very dark0-18 onAp
greyish- brown (2.5^11 3/2) moist; moderately fine
sandy clay loan; moderate medium crumbs to sub-
afigular blocky; slightly sticky and slightly
plastic, slightly firm, slightly hard; many fine
roots; many fine discontinuous inped paces with
few medium continuous pores; dear smooth boundary.

: 72 :

•; ochric epipcdon followed by an unbric



AC

sandy loan; moderate to weak medium sub-angular
blooky; slightly sticky and slightly plastic,
slightly firn, slightly hard; no outans; nany fine
discontinuous inped pores; connon fine roots;
diffuse irregular boundary.

0

sandy clay loan; structureless (single grained);
very slightly sticky and very slightly plastia,
friable, soft; nany fine discontinuous inped pores;
few fine roots; clear smooth boundary.

80-100 cn Dork brown (10YR 3/3) noist; moderately
fine sandy clay loan; structureless; slightly

100-140*
sandy olay loan; structureless; slightly sticky and
slightly plastic, fim; oorauon fine discontinuous
inped pores; very few roots; brown nottles(about 
20$) present.

18-46 cn Dark yellowish brown (10YR 4/4) dry,
dark yellowish brown (10YH 3/4) moist'; moderately fine

cm Brown (10YR 4/3) noist; no derat ely fine

sticky and slightly plastic, friable; nany fine 
discontinuous inped pores; brown nottles(about 
15/) present; very few roots; clear snooth boundary.

: 73 »
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46-80 on Dark yellowish brown (1OYH 4/4) dry, dark 
yellowish brown (10YR 4/4) noist; moderately fine
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0las sification

DiagnostLo properties
The top 18 an was an ochrio epipedon though the colours

are foirly dark thickness does not qualify for on unbrio horizon.
• There was no diagnostic subsurface horizon.

Order

Entisol: Presence of no other diagnostic horizon than

ochrio epipedon, and absence canbio, salic, gypsic, oxio,

argillio or oalcio and clay content less than JO percent throughout

and absence of plinthite.

Suborder
Alluvial deposits with texture fi^er thanFluvent:

clay loan, absence of diagnostic horizons below Ap; have slope
less than 25 percent (only 2 percent), irregular decrease in
organic carbon content and high up to 1.4 n depth, absence of
characteristics associated with wetness, higher annual temperatures
and absence of lithic and parolithic contact.

Greatgroup
Ustifluvent: Has ustic moisture regime and warmer temperature

regime.

Subgroup
Mottling occurs within.' 50 an asAquio . Ustifluvent:

evidenced from auger hole 17 (mottling from 20 cm.) and hole 24

4 moist and 6 when dry.

(near surface) and its seasonal flooding, colour value less than

: 76



4/8/79Profile 7

External features

located at about g- Im east of the Ifolmra — Mikumi road
(Figure 5); undulating, nearly linear, approximately about 2%

south — west minor slope in an east facing 3 Im slope, pit

well drained; slightly flooding.

Internal features

Ap
brown (10YR 2/2), moist; coarse sand; weak medium crumb
to sub—angular blocky; slightly sticky and slightly plastic,
fSiable, soft; many fine and few medium discontinuous
inped pores; many fine roots; clear smooth boundary.

AC
(5YR 3/4) moist; coarse sand; weak medium sub—angular
•blocky; slightly sticky and slightly plastic, friable,
soft; many fine discontinuous inped pores; common fine
roots; clear smooth boundary.

structureless matrix; non sticky and non plastic, friable
soft; many fine discontinuous inped pores; very few fine
roots; clear smooth boundary.

site lowers ustio soil moisture regime, isohyp er t heroic soil 
temperature regime^ currently under sugarcane; alluvial material;

77 :

°1
(5YR 3/4) moist; coarse sand and few stones (?%);
46-68 am Reddish brown (5YR 4/4) dark reddish brown

0-25 am Dark yellowish brown (1OYR 3/4) dry, very dark

25—46 cm Reddish brown (5YR 4/4) dry, dark reddish brown



nany fine discontinuous inped pores, very few rootSi

Dark brown (7.5YR 2/2) noist; coarse sand;
structureless; non sticky and non plastic friable^ soft;
68-130+ on

: 78 i

°2
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Classification

Diagnostic properties
The top 25 on was an. ochric epipedon, though colour value

moist is less than 3,5 and chroma less than 3»5 it has a thick­
ness of not more than 25 (auger hole 20 had lighter colour of
chroma nore than 3,5)*

There was no diagnostic subsurface horizon.

Order
Absence of any other diagnostic horizon otherEntisol;

than ochric also absence of cOmbic, salio, spodio, oxic, argillic
gyp sic or calcic, less than 30 percent clay throughout the profile
and absence of plinthite.

Suborder
The texture v/as sandy throughout the profile andPsannent:

differed iron profile 6; absence of fragments of any indentifialile

Greatgrouxa

Ustipfcmnent: Has wamer iso temperatures and ustic soil
noisture regime.

Subgroup
Due to the absence of lamellae withinTypic Ustipsaj-.n-.ient:

1,5 n from surface,
rated with watery had no lithic contact.

no prominent mottles abtfvel to and jj&iPa&tre-

81 :

subsurface horizon, and absence of hydromorphic properties.



4/8/79Profile 8

External features

located at about 1^- km east of the Ifakare-Mikumi road;

regime, isohyperthemic soil temperature regime; currently
under sugarcane; alluvial material, imperfectly drained;
moderate flooding.

Internal features

Ap

many fine and few medium roots;, clear smooth boundary.

massive; sticky and plastic, fim, hard; common fine
discontinuous inped panes; common fine roots; diffuse
Irregular boundary.

moist; fine sandy clay; massive; sticky and plastic, firn,
hard;, common fine discontinuous inped pores; few fine
roots; diffuse irregular boundary.

Pale olive (5TR 6/3) moist; fine sandy cloy;
massive- to -moderate medium sub-angular blocky; sticky and

almost flat, linear, approximately 3 km long east facing slope 
of about 2% gradient, pit site near lower; ustio soil moisture

plastic, fim^ slightly hard; very few fine roots; common 
fine discontinuous inped pores; brown mottles( about 20% ) 
present.

blocky; sticky and plastic, firm, iiard; common fine with 
few medium continuous eracks; ant nests (5%) present;

0-28 am Dark greyish Jjrown (10YR 4/2) dry, black
(10YR 2/1) moist; fine sandy clay; moderate fine sub-angular

60—108+ cm

J 82 t

°1

°22

28-45 cm Dark brown (10YR 3/3) dry, very dork greyish 
brown (10YR 3/2) moist; moderately fine sandy clay loon;

45-60 am Brown (10YR 4/3) dry, dark brown (10YR 3/3)
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Classification

Diagnostic properties
The top 28 on have characteristics of an Ochric epipedon

however the characteristics of colour, base saturation and organic
carbon suggest a mo Hie but they have hard and massive strictures.

There was no diagnostic subsurface horizon.

Order.
Entisol: The presence of no other diagnostic horizon than

salic, gyp sic, oxic, argillic

'ahajrai' hgsregates.

Suborder
Orthent: Absence of fragments of diagnostic horizons,

organic carbon decreasing regularly with depth and are not
permanently saturated with water.

Great group
Due to Warner temperatures and ustic moisture

regime.

Subgroup
Vertic Ustorthant? ■ They are not saturated with water,

cracks and less than 35 percent clay throughout.

ochric epipedon and absence of cccibic,

: 85 :

or calcic, hotaisan, ;Attsonaa_pf£^H{jai,..slickensides?and.-.wedge.

absence of durinodes, lithic contact and wornholes, has snail



19/9/79Profile 20

External features

Located at about 2^ km east of the road from Ifakara
to Idikuni (Fig..? - 5) almost flat, approximately 3 km lone,

site lower; aquio soil moisture regime, isohyperthexriio
soil temperature regime; wooded grassland; currently under
fallow; alluvial material; imperfectly drained; severe flooding.

Internal features

moist; moderately fine sandy clay loam; moiJeasttei fine?
granules; sticky and plastic, firm, > hard; common fine
discontinuous inped pores; with few medium oontixwus
cracks; many fine roots; clear smooth boundary.

AOg
moist; moderately fine sandy clay loam; modemte-'-fino
granules; sticky and plastic, firm, hard; common fine
discontinuous inped pores; with few medium continuous
craolcs; many fine roots; clear smooth boundary.

OS

sticky and plastic, very firm, very hard; brown mottles*
(about 10$)present; few fine discontinuous inped pores
with few medium ora cits; few fine roots.

86 :

A1

linear, east facing slope of approximately 2$ gradient, pit

0—15 cm Dark grey (WYR 4/1) dry, very dark grey (101B 3/1)

65—120+ an Dark brown (10YR 4/3) dry, dark brown 
(1OYR 4/j) moist; fine clay; massive compact columns;

15-65 am Grey (10YR 5/1) dry, very dark grey (10YR 3/1)
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Glassification

Diagnostic properties
The top 15 an was on ochric epipedon, the characteristics

of colour, base saturation and organic carbon which indicate an
unbiic are associated with smaller thickness and hard structure.

There was no diagnostic subsurface horizon.

Order
Entisol: There was no other diagnostic horizon other than

on ochric and absence of canbia,-Aclic-t. calcic,; gypsio and spodlic,

Suborder
Aquent: They are saturated with water for sometime of the

year, texture finer than loamy fine sand and presence of mottles.

Great r^roup

than loamy fine sand, more than 0.2 percent organic carbon up to

a depth of 1.2 m, absence of sulfidio material.

Sub group
They are mottled, have more than 0.95Humaqueptio fluvxquents:

per cubic centimeter bulk density, absence of cracks more
than 1 am wide, less than 4 colour value moist and less than 6
tjhen dry, absence of buried histosol and J-. sulfidio material.

89 :

Fluvaquent: The temperature regime is wamer, texture finer



Entisols as they are seen compriso of jpafifilos 6f I} 8,

and 20. These soils appear to have been formed from
transported sediments alone the Nyarubungu river and its

Their similarities is absence of diagnostictributaries.
subsurface horizon and presence, of oohric epipedon and are.
seen to be associated with irregular decrease in organic carbon,
texture^ and have, moisture regimes which gives rise to the
different sub orders, great groups and subgroups, as noted.

90 s



5.1.2 Inceptisols

5/8/79Profile) 9

External features

Looated at about 1-g- km east of the Ifakara — Mlkumi
road (Fig.5); approximately 3 km long, almost flat, linear
east facing slope of approximately 2% gradientj pit site
hear lower part of the slope'. Ustic soil moisture regime,
isohyp er thermic soil temperature regime; currently under
sugar cane; alluvial material; moderately w§U drained.

Internal features
Ap

dark greyish brown (1OYR 3/2) moist; moderately fine
sandy clay loan; moderate fine sub-angular blocky;
sticky; and plastic, firm', hard; abundant fine roots
with common medium roots; many fine discontinuous
inped pores; insect nests (5%) present clear smooth
boundary.

25-65 cm Dark brown (7.5IR 3/2) dry, yellowish

loam; moderate fine sub-angular blocky; slightly
sticky and slightly plastic, firm, slightly hard;
common fine roots; patchy cutans present; many fine
discontinuous inped pores; insect nest and charcoal
present at 65 cm in depth; clear smooth boundary.

: 91 *

B(w)2
brown (1OYB 3/4) moist; moderately fine sandy clay

0-25 cm Dark yel 1 owish brown (1OYR 3/4) dry, very



Dark yellowish brnv/n (10YR 4/4) noist;
noderately fine sandy clay loan; moderate fino
sutxmgular blocky; sticky and plastic, fim; oonnon
fine discontinuous inped pores; very fine roots.

65-110* anB3

t 92 x
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Classification

Diagnostio properties

The top 25 cei is an ochrio epipedon, since they have

darker colour value and chroma, organic carbon and. base satu­

ration do not have the required thickness of more than 25 on to

ft# urnbric.

The subsurface hx»rfL23ra.±ij canbic ■. as the texture was finer

than loaray fine sands, absence of rook structure, ar gillie or
spodic horizon, with enough thickness to place its base below

Though weak cutans were observed' the ubsenooaof25 an depth.
required ratio of 1,2 between B and A horizon rules out presence
of argillie horizon.

Order
The absence of plinthite, spodic, argillio,Inseptisol:

oxic^ gypsic or salic and had no cracks, and has pedogenic

ochrio and canbic horizons.

Suborder
Tropepts: They have iso temperature regime, no aquio

characteristics, have bulk density more than 0.85 go. per cubic
dentineter and have ochrio and canbic horizons and do not have
a plaggen horizon.

Great group
They have more than 12 kg, organic carbonHunitropepts:

in the upper cubic ueter* of soil, base saturation less than 50
percent in sone sub-horizons and do not have a sonbric horizon.

natrio,



Subgroup.

.Ustic Hurd, tropept: The bulk density was more than 0.95

gn per cubic centimeter, no mottles and no lithic contact, have

of organic natter and. have an ustic moisture regime.

Profile 1, 2, 3, 4, 12, 13 and 14 in Appendix II arp also

classified in the ustic Hunitropept subgroup. Profile 1, 2, 3 and

aollic epipedon.

The oocursnce of a cambic horizon underlying the epipedon
in all profiles (though weak clay skins were observed in profile
2) an argillic horizon was not confirmed due to the lack of
uniformity in the profile mainly through the influence of colluvial
material which makes development of an argillic horizon very
unlikely^. Top warmer iso temperature-regime, the organic carbon
cootent and soil moisture regime were characteristic of the Ustic
Hurd tropept.

: 96 :

more than 24 neq/100 ga clay CEO, regular decrease of the content

4, 12 and 13, while only profile 2 had characteristics of a

14 had an oohric ipipedon. Umbric epipedon was noted in profiles



18/9/79Profile 15

External features

located at about 1 to east of the road from Ifakara to

Mikuni (Fig^i 5), alnost flat approximately 3 to long linear

east facing elope of approxinately 2$& pit sito near middle part

of slope- aquic soil moisture regime; isohyperthennic soil

temperature regime; woodland; currently under sugar cane;

alluvial material; no derat ely well drained; slight flooding.

Internal features

Ap

nediun sub-angular blocky; slightly sticky and slightly
plastic, firm, hard; many fine discontinuous inped pores;
many fine roots; clear smooth boundary.

25-37 cd Brown (10YR 4/3) dry, dark brown (10YR 3/3) noist;

blocky; slightly sticky and slightly plastic, firn, hardj
many fine discontinuous inped pores; few fine roots;
diffuse smooth boundary.

slightly sticky and slightly plastic, firm, hard; mottles
(about 10$)present; many fine discontinuous inped pores; few
fine roots.

To wet to be described

Water table at 120 cm depth.

67-120* cm

: 97 i

13^)2^7-67 am Dark brown (10TR 3/3) moist; moderately fine 
sandy clay loan; moderate nediun sub-angular blocky,

E(w)1
moderately fine sandy clay loam; moderate medium sub—angular

0-25 cd Greyish brown (2.5YJR 5/2) dry, dark greyish brown 
(2.5Y 4/2) noist; moderately fine sandy olay loan; EKxderate
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Classification
Diagnostic properties

The upper 25 cm was an ochric epipedon as the colour value
was more than 3.5 moist with base saturation less than 50 percent
and organic carbon more than 0.6 percent.

The subsurface is oambio horizon, since 1-fc. had finer
texture than loamy fine sand, structured, more than 16 meq per

no argillic and no cementation; and. enough thickness that its
base in more than 25 cm below surface.

Order
A plinthite, spodic,argillic,natric, exic, gypsicInceptisol;

•'Haree’ 'a
pedogenic ochric epipedon and a z>ambic horizon.

Sub order
higherThey had warmer so temperature regime,Tropept:

chroma than a.cjuic limits, bulk density more than 0.85 gm per
withcubic centimeter and have an ochric and carnbic horizons

no plagg©n horizon.

Great group

They contain more than 12 kg of organicHumitropept:
carbon per cubic meter of soil, have base saturation less than.
50 percent between 25 cm and 1 meter depth and has no sombric
horizon.

100 gm clay CEO, regular decrease in organic matter, redder hue,

O&^salics horizons were ■ absent and no cracks noted*

: 100



Sub.group

Aquic Humitropept: Since they have an aquic moisture
the presence of mottles to very shallow depths,".It,regime and

is suggested in this sub-group though not given in the
taxonomy system.

Profile 17 in Appendix II which has an umbric epipedon
underlain by a cambic horizon, warmer iso temperature regime,

depths has also been suggested as an Aquic Humitropopt,
the organic carbon content and mottles occuring at very shallow

101 :



5/8/79Profile 12

External features

Located at about 1 km east of the road from Ifakai'a to
Mikum-ij. (Fig. 5); , almost flat, approximately about 3 km
long linear east facing slope of about 2% gradient, pit site
lower part of slope? udic soil moisture regime, isohyperthermic
soil temperature regime? currently under sugar cane; alluvial
material; moderately well drained; slight flooding.

Internal features

0-25 cm Dark greyish brown (10YR 4/2) dry, very dark brownAp
(10YR 2/2) moi st j moderately fine sandy clay loam; strong
moderate medium crumbs; sticky and plastic, firm hard;
many fine discontinuous inped pores; many fine roots;
brown colour observed along rotting roots; diffuse broken
boundary.

25-40 cm Very dark greyish brown (10YR 2/2) dry, very-
dark grey (10YR 3/1) moist; moderately fine sandy olay
loam; strong moderate medium, sub-angular blocky; sticky
and plastic, very firm, very hard; many fine discontinuous
inped pores with few medium, continuous, exped pores;
cutans present; common fine roots; clear smooth boundary.

A^t

: 102 :



Yellowish brown (1OYR 5/8) dry, yellowish
brown (1OYR 5/6) moist; moderately fine sandy clay
loam; strong to moderate medium sub-angular blocky;
very sticky end plastic, very firm, very hard, many
fine discontinuous inped pores with few exped pores;
cutans present; very dark brown (10YR 2/2) concretions
(about 5%) present yellow mottles (about 5%) present;
few fine roots.

Water table at 111 cm depth.

4Q-111+ cm

7 105 :
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Classification

Diagnostic properties
The upper JO cm was an urabric epipedon* The .stcruature was9

not both massive and hard, colour value lower than 5«5 dry and
3*5 moist with chroma less than J, 5, base saturation less than
50 percent and more than 0,6 organic oarbon percent with
thickness of more than 18 cm and moist at least- three months in
a year.

TiryH zon. is' tanMfr-. Although >. clayThe subsurface
skins were noted the ratio of clay content between B and A
horizon was not more than 1,2 within JO cm distance change and

Also finernot uniform enough to show an argillic horizon.
texture than loamy sands, CEO more than 16 meq per 100 gm clay,
regular decrease in organic carbon, placed more than 25 cm deep
and no commentation.

Order
They have no spodic, argillic nertala^? ceoLp,Inceptisol:

plinthite, gypsic, salic, sulfuric or cracks, have a pedogenic
urnbric and carnbic epipedon.

Suborder
Since they have iso temperature regime, no an.uicTropepts:

characteristics, bulk density of more than 0,85 gm per centimeter

: 106

cubed have an umbic epipedon and no plaggipan.



10? :

Great group

They have high base saturation throughout;, allEutropopts;
between 25 on to 1msubhorizons have udic moisture regime

and no horizon with secondary powdery lime.

Sub group

Aquic Entropett; Have more than 0,95 gm per cubic
centimeter bulk density, no evidence of mottles with stronger
chroma, organic carbon decreases regularly with depth, no
lithic contact, no craqks and have a combic horizon.



19/9/79Profile 21

External features

Located at about 2,7 km east of the road from Ifakara. to
Mikumi ' (Hg, 5);f almost flat, approximately J km long,
linear, east facing slope of about 2% slope gradient; pit site
at lower part of slope, aquic goil moisture regime? isohyper*-
thermic soil temperature regime; wooded grassland; currently
under fallow; alluvial material; imperfectly drained; severe
flooding.

Internal features

grey (10YR 3/1) moist; moderately coarse sandy loam;
moderate medium crumbs to granules; slightly sticky and
slightly plastic, friable soft; common fine discontinuous
inpod pores, with few medium cracks; many fine roots;
diffuse irregular boundary.

Very dark grey (1OYR 3/1) dry, black (1OYR 2/1)AC
moist; moderately fine sandy clay loam; moderate medium
sub-angular blocky; sticky and plastic, :firm, hard; common
fine discontinuous inped pores, few fine roots; clear
smooth boundary.

20-65 om

l 108 ;

0-20 om Dark greyish brown (10YR 4/2) dry, very dark



boundary.

fin© discontinuous inped pores, very few fin© roots.

95*1 J0+ co Dark yellowish brown (10YR. 4/4) dry, dark 
Qtfey (10IR 4/1) noist; £4ne sandy clay loam, moderate 
tiddium stfb-ahguldr blocky io nasal Vo, sticky ahd plastic/ 
firm, hard, yellowish mottles (about 20%) present, common

C^g

: 109 :

65-95 on Very dark grey (10YR j/1) dry, yellowish brown, 
brown (10YR 5/6) moist; fin© sandy clay; moderate medium 
sub-angular blocky to massive; sticky and plastic, firm, 
hard; yellowish mottles (about 20%) present; common fine 
discontinuous inped pores; few fino roots, diffuse smooth
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Classification

Diagnostic properties

The top layer was an umbic epipedon since the structure
was not both massive and hard, the colour value lower than
5.5 dry and 5«5 moist with chroma less than J,5« base saturation
less than 50 percent, organic carbon content more than 0,6

most part of the horizon AC and moist for a least 5 months.

There was no diognostic subsurface horizon.

Order

Inceptisol; A spodio, argillic, natric, oxic, plifithite,
and no cracks and had angypsic or salic horizon was absent

umbric epipedon.

Sub order
Due to the aquic moisture regime and an umbricAquept;

epipedon underlain immediately by a mottled horizon with
chroma less than 2,

Great group
Tropaquept?- They have warmer iso temperature* do not

have plinthite, have bulk density more than 0,85 gm per cubic
centimeter, do not have sulfuric horizon.

: 112 :

percent, and thickness more than £.5 cm as it extends into the



: 115 :

Typio Tropoguept? In more than 60 percent of matrix they

mottles*

Off also has no histic epipedon, no lithic contact $ .no
cracks more than one centimeter and no plinthite or jarosiie

Sub group

have a mettled horizon with moist value less than 5 and chroma



: 114 :

18/9/79Profile 18

External features

Located at about 2 km east of Ifakara - Mikumi road

(Vig* 3)f •' a^nos‘^ flat, approximately J km long, linear,
east facing slope of approximately 2% gradient, pit site at
lower part of the slope} aquio soil moisture regime,
isohyperthormic soil temperature regime; wooded grassland;
at the time of examination the land was under fallow; alluvial
material; moderately wdll drained; slight flooding.

Internal features

Ap
grey (10YR 3/1) moist; moderately fine sandy tday1 loom;
moderate medium crumbs; slightly sticky and slightly
plastic, firm, hard; many fine discontinuous inped
pores; many fine roots; diffuse smooth boundary.

dark grey (1OYR 3/1) moist; moderately fine sandy clay
loam; moderate medium sub-angular blocky; slightly sticky
and slightly plastic, firm, hard; many fine discontinuous
inped pores; few fine roots; diffuse smooth boundary.

B(w)1

0-20 cm Dark greyish brown (10YR 4/2) dry, very dark

20-45 cm Very dark greyish brown (10YR 3/2) dry, very



: 115 :

Dark greyish brown (1OYR 4/2) moist; gravelly
moderately fine sandy clay loam; moderate medium
sub-angular blocky; sticky and plastict firm;

inped pores; few fine roots.

mottles (about 8%) proeOnt; concretions of manganese 
(about 20%) present; common fine discontinuous

45—68 cmB(w)2g on
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Classification

Diagnostic properties

and moist, "base saturation less than 50 percent^ At i.6 not

an umbric because is-not more than 25 cm thick.

per 100gu clay CEO, regular decrease in organic matter, no

argillic and no cementation pjnff. had enough thickness that its

base was more than 25 cm below surface.

Order

A plinthite, spodic, orgillic, natric, oxic,Inceptisol?

gypsic or salic horizon was absent, also no cracks noted, had

an ochric and a cambic horizon.

Suborder
Had an aquic moisture regime, an ochric epipedonAquept ;

underlain by a cambic horizon, mottled with matrix colour
chroma moist 2.

cubic centimeter in all sub-horizons and no sulfuric horizon.

The upper 20 cm was an ochric epipedon, though the structure 
is not both massive and hard, colour value less than 5.5 dry

Tropaquepts: The temperature regime was of warmer iso 
characteristics, absence of plinthite, more than 0.85 gm per

Great group

finer texture than loamy f'lno sand, structured, more than 16 meq

: 118 :

The subsurface horizon was a cambic horizon due to the



: 119 :

Subgroup

Aerie Tropaquept; A histic, lithic contact, cracks,
plinthite and. jarosite mottles were absent* Differs from
typic in having colour chroma moist of more than 1 even with
coTour value less than 5 in more than 60 percent of matrix
between Ap and 75 cm depth.

horizons, aquic moisture regime, warmer iso temperatures,
higher bulk density than 0.85 gm per cubic centimeter, no
plinthite, with in more than 60 percent of matrix colour value
less than 5 moist and chroma more than 1 is also classified as
Aerie Tropaquept.

Inceptisols occupy the largest portion of the study area.
Appendix III shows a sketch distribution of the soil orders.
They appear to have been formed from both colluvial and

Inceptisols:near the foothill of thealluvial materials.
escarpment are mainly formed from colluvial material while

those around the valley are formed from alluvial material

deposited during the flood periods.

Profile 19 in Appendix II with an ochric and cambic



5.1.3 Mollisols

5/8/79Profile 10

External features

Located at about 1-|- km east of the Ifakara - Mikumi
road (Fig* 5) almost flat, a linear east facing slope
of about 2% and J km long, pit site near lower part of
the 'islope; ustic soil moisture regime, isohyperthermic
soil temperature regime} currently under sugarcane}

alluvial material} imperfectly drained} moderate

flooding.

Internal features

Ap
black (10YR 2/1) moist} fine sandy clay} moderate
fiXje to medium sub-angular blocky} sticky and
plastic, very firm, hard} many fine discontinuous
inped pores with continuous medium exped pores}
many fine roots and few medium roots} insect nests
present (5%); clear smooth boundary.

AC
moist} moderately fine /sandy clay?loam} moderate
fine to medium sub-angular bltcky; sticky and
plastic, firm} many fine discontinuous inped with
few medium continuous exped pores} common fine
roots} clear smooth boundary.

25-55 cm Very dark greyish brown (2.5YR j/2)

: 120 :

0-25 cm Very dark greyish brown (10YR 3/2) dry,



discontinuous inped pores; very few fine roots.

Yellowish brown (1OYR 5/4) moist; fine sandy 
clay; moderate fine to medium sub-angular blocky; sticky 
and plastic, firm; black manganese concretions (about 2^) 
with yellowish mottles (about present; common fine

C on 55-150+ cm

: 121 :
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Classification

Diagnostic properties
The top 25 om was a mollic epipcdon, the structure was not

both massive and hard, the colour value less than 5.5 when
dry and 3«5 when moist with chroma less than 3*5 base
saturation more than 50 percent, more than 0.6 percent organic
carbon* the epipedon more than 18 om thick Ohd moist at least
for 3 months a year.

There was no diagnostic sub surface horizon noted.

Order

Mollispit A mollic epipedon was present, with higher

bulk density values than 0.85 gm per cubic centimeter and

absence of amorphous materials, warmer iso soil temperatures,

absence of gilgfcl.
and also no oxic or spodic horizon.

Suborder
The temperature regime was warmer than frigid,Ustoll;

absence of albic horizon and had ustic moisture regime.

Thore was no duripan or natric horizon, noHaj>lus.tpllt

petrocalicioyOalcic or argillic horizon and no wormholes.

Great group

slickensides or wedgu-shaped aggregates



Sub group

with depth, do not have lithic contact, no calcic or salio

Molllsols have only been expressed by one profile
(number 10)j Their characteristic colour, thickness
temperature and moisture regimes, organic matter, >baao
saturation seen to be formed in ah area which is influenced

The soils of this place are most probablyby flooding •

formed from the weathered alluvial material.

horizon, have warmer temperature regime and CEO moro than 

24 ineq per 100 gm clay*

: 125 :

Cumulio Hap lustoils; A eembic horizon was absent, no 

brittle horizon, regular decrease in organic carbon content



5.1.4 Ultisols

3/8/79Profile 5

External features

Located, at about 300 metres east of Ifakara —
5); undulating, convex, about J km,I-Iikumi road (Fig..

east facing slope of approximately 3% gradient, pit

site near middle; Ustic soil moisture regime,

isohyperthermic soil temperature regime; currently

under sugarcane; colluvial material; moderately well

drainedj

Internal features

Bark brown (10YR 3/3) dry, very dark0-25 cmAp
greyish brown (10YR 3/2) moist; moderately fine

sub-angularsandy clay loam; strong medium
blocky; sticky and plastic, firm, hard; many
fine discontinuous inped pores and few continuous
pores; many fine and few medium roots; clear
smooth boundary.

25-60 om Bark yellowish brown (10YR 4/4) dry,

and plastic, firm, hard; common fine discontinuous
inped poros and few continuous medium poros;
common fine roots; weak cutans present diffuse
smooth boundary.

dark yellowish brown (10YR 4/4) moist; fine 
sandy olay; strong medium ddlndnguXarr''

: 126 :

B2it
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Yellowish brown (1OYR 5/6) moist; fine sandy
clay; moderate sub-angular blocky; sticky and. plastic,
firm, slightly hard; cutans present; common fine
discontinuous inped pores; very few roots.

60-120 cmB22t
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Classification

Diagnostic properties

The top 25 cm is an ochric .epipedon, though' the colours
are darker, they have hard structure for any other epipedon,
and auger hole 15 had lighter colours with value more than 5*5
dry and more than 3.5 moist.

sub surface horizon, since theThere was an argillic
clay ratio between B and A in more than 1.2, it is more than

though weak due to varying15 cm thick, and presence of cutans
stability of peds and their consolidation rate which alters
their appearance,- and formed in situ at the crest where run

the area of water.off loss deprives

Order
They do not have tongues of material, ..have. anUltisol:

argillic horizon, a warmer temperature regime, do not have
base saturation less than

35% at lower depths (below 60 cm)

Sub order
More than 0.9 percent organic carbon in upperHuniult:

■V—— ^.*1

argillic horizon was present and more than 12 kg of organic

carbon in the upper meter cubed.

spodic, oxic horizon or plinthite,.

: 130 :



Great group

toppohujuult: The temperature regime had warmer iso
characteristic^ presence of argillic horizon and absence of
fragipan or plinthite and absence of sombrio horizon.

Sub group

The CEC is more than 24 moq. per 100 gmUs tic Tropohumult:

saturated with water, the bulk density more than 0.95 St1 per

cubic centimeter, redder hues and no anthropic epipedon.

: 131 :

clay, absence of mottles, lithic contact or bedrock, not



5/0/79Profile 11

External features

Located at about 1 km east of the Ifakara - Mikumi road

(Fig, 5), almost flat, approximately 3 km long, linear east

facing slope of approximately 2%, pit site near lowest part of

the slope; aquio soil moisture regime, isohyperthemic soil

temperature regime; currently under sugarcane; residual

material; moderately well drained; slight flooding.

Internal features

Di-rlc greyish brown (2,5Y 4/2) dry, very darkAp ..•-»0—30 om

greyish brown (2.5Y 3/2) moist; moderately fine sandy

slightly sticky andclay loam; moderate fine crumbs;

slightly plastic, slightly firm, slightly hard; many

fine discontinuous inped pores; many fine roots; olear

smooth boundary.

sandy clay loam; moderate fine to medium sub-angular
blocky; slightly sticky and slightly plastic, slightly
firm; common, fine discontinuous inped pores; outans
present; common fine roots; diffuse irregular boundary,•

» 132 :

B21* JO-52 cm Dark brown (1OYR 3/3) moist; moderately fine



t 135 :

52-100+cm Strong brown (7.51R 5/8) moist; moderately

common fine discontinuous inped pores; very few fine
roots; mottles present (about 10%); concretions
present (about 2%),

Water table at 100 cm depth.

fine sandy clay loam; moderate medium compact 
sub-angular blocky; sticky and plastic, firm, hard;

b22s cn
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Classification

Diagnostic properties

The top JO cm was an umbric epipedon, since the structure
was not both massive and hard, colour value lower than 5*5
when dry and 3,5 when moist with chroma less than 5*5, base
saturation less than 50 percent organic carbon content more
than 0.6 percent, thickness more than 18 cm and moist at
least 3 months a year.

The subsurface is of an argllic horizon due to the olay
ratio between B and A being more than 1.2, is more than 15 cm
thick and there are also cutans present.

Order
They do not have tongues of an albic material,Ultisol:

have a warmer temperature regime, do not have spodic, oxic

horizon or plinthite.

Sub order

Have more than 12 kg of organic carbon in aHuault:

square meter to a depth of one meter.

Great group

The temperatures regime had warmer isoTropohumult;
characteristics, presence of argillic horizon, and absence of

fragipan, sombric horizon or plinthite..
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Sub group

Aquiq Tropohumult ? The CEC is more than 24 meq per
100 gm of clay, has mottles and aquic moisture regime, absence

bedrock and anthropic epipedon.

Ultisols occupy the second largest portion of the area.
Although the characteristics of depth, colour, organic matter,
base saturation and CEC are similar in profiles 5 and 11i the
occurenco of 'u.'fcLr. moisture regime separates profile 3 from

These11 which have characteristics associated with wetness.

are formed from a resistant rock weatherd in situ.

of a lithic contact,
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5*2 Soil Mapping Units

Six soil mapping units were distinguished in the
study area. Drainage status, texture of topsoil and
the source of the parent material were used to separate
the mapping units. The units were then either named
after the location to which they appeared predominant
(Msolwa and Nyarubungu) or physiographic position in
the study area in which they are found (Mlimani, Mtoni
and Bwawani). A soil complex almost centrally located
between Msolwa and Bwawani (Fig. 6) was named

Each mapping unit was further separatedMs olwa>-Bwawani ,
on the basis of slope and texture. Eachinto subunits

unit is expressed by a formular with symbols for eaoh
of its subdivisions (see legend in fig.- 6).< They are
also grouped into well drained, moderately well
drained and imperfectly drained from the information
obtained from profiles and anger holes.

5.2.1 Well drained soils

Two mapping units, Mlimani and Mtoni were
identified in this group. Mlimani series is a dark
brown gravelly sandy clay loam and occurs on a slopping
area with the gradient varying from 2% ~ 12% (profile 1).
The soils have moderate medium subangular blooky
structure and are friable.. These soils are formed from
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colluvial material originating from the undiffarentia'tBi.

Usagaran geological system of the migmatic gneiss, with

biotite and hornblende cemented sands and gravel.

Mtoni unit occurs on gently slopping area

adjacent to the Mlimani series (Fig, '6)$’ - The soils

are well drained noderate-medium sub-angular blocky,

brown in colour and sandy in texture as seen in profile

The parent material consists of soil material7.
brought in by Nyarubungu river from the Gologolo

This is mainly composed of undifferentiatedmaountains.
Usagaran rocks, with migmatic gneiss, biotite and

hornblende.

5.2.2 Moderately Well drained goil

The mapping units represented here are Msolwa and
Msolwa--Bwawani soil complex. The Msolwa-Bwawani soil
complex is represented by profiles 6 and 16 with
characteristics similar to both Msolwu and BWawani but
varying drainage condition between moderately well
drained and imperfectly drained. The soils are

greyish brown loams moderate medium sub-angular

relatively shallow depths (70-80 cm). The parent

material consists of alluvial ^material of neogene

: 140 t

blocky and slightly hard. Mottles were observed at



times, mainly of the undifferentiated Usagaran rocks

lievedl to have, been transported; by'Jjyarahung^ from

the Gologolo mountains*

Msolwa unit is the most dominant typo in the

This occurs on gently slopping areas ofstudy area.
The soils as seen in profile 17the middle zone.

have moderate medium sub-angular blocky structure;
slightly hard and very dark greyish colours, with
mottles occuring at shallow depths (70-145 cm). The
parent material consists of alluvial sediments of

time. The alluvial material is also broughtneo gee e

in by Nyarubungu river from the on-looking Gologolo

mountains. This consists of the undifferentiated
Usagaran rocks with migmatic gneiss, biotite and
hornblende.

5.2.3
The Bwawani unit is spread in small patches in

Generally it occupies the lowdifferent locations.
It appears thatlying areas of the survey area.

from the elevated areas in the west of Ifakara —
Mikumi road, there occurs a depression which probably
marks the end of the mountain-ranges, This is where

It comprises of imperfectlyBwawani can be located.

: 141 :

with migmatic gneiss, biotite and hornblende which is be?-
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drained, moderate medium sub-angular blocky of very

dark greyish brown colour as in profile 8. The

parent material consists of the hill wash alluvial

sediments of the materials originating from the

Gologolo.. mountains.

The Nyarubungu mapping unit occurs at the lowest
part of the survey area in the Eastern part on a very
flat area. The soils are imperfectly drained,
moderate medium sub-angular blocky and blocky sanely
clays. Mottling starts at very shallow depths as in

profile 20 and increases with depth, a characteristic

The parent materialof reduced soil conditions.

consists of alluvial material deposited during the

flooding wet season and consists mainly of materials

from the Gologolo mountains with undifferentiated

Usagaran rocks with migmatic gneiss biotite and

hornblende.

5.3 Land Evaluation

As mentioned in the introduction, a variety of
crops are grown in the Kilombero Valley. Sugarcane

is however predominant in the study area. At

Kilombero, sugarcane is being grown both at large

Irrigation is practiced by theand small scales.

large estates where availability of water and



topography permits. In some areas in the floodplain

water. Mechanised cultivation and application of

commercial fertilizers mainly sulphate of ammonia is

also normally practiced.

5-3.1 Land Suitabiliiy

Based on the land characteristics, land qualities
and the economics of crop production, the two
suitability orders; Suitable and Not suitable were

Table 21 drawn from Sys (1976)identified in the area.
was used with slight modifications to draw up the

The ratings 0, 1, 2, J and 4suitability ratings.
are used to indicate no limitation, slight, moderate
severe and very severe limitations respectively. The
suitability rating and the degree of limitation for
each mapping unit, constructed from Sys (1976) table
21 are presented in table 22, Considering the degree
of limitation, the suitability of the land into its
order, classes and sub-classes has been worked out
and mapped (Fig. 7).

5.3.2 Suitability of the individual mapping unit and their
features.

drainage ditches are constructed to remove the excess

: 143 :
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5.3-2.1 - S1Mlimani

Suitable with one .jplignt Jdnttation .for. sugarcane

growing.

The major portion of this area show favourable

soil physical condi ton. The bulk density is fairly

low and tend to increase with depth. The low
density mainly is duo- to' the influencendtfllaajge
quantities of organic matter in surface horizons
as observed in profiles 1,2,3 and 4, The topsoil
available water holding capacity is higher

indicating probably the additional moisture held

The texture with fairly highby the organic matter.

and evenly distributed clay, low silt and high sand

content does not seem problematic to soil

management.

The soil reaction of Mlimani is rather slightly
This may probably be due to the climate andacidic.

These low pH values (below pH 6)parent material.
may affect the nitrification and phosphate availa^-

The nitrifying bacteria require abundancebility.
of exchangeable bases, and are seemingly sensitive

form of phosphorus isIonicto low pH values.
fixed in the presence of soluble forms of iron

However, results from profilesand aluminium.

: 148 t



"1,2,5 and 4 indicate no special attention necessary
at the present time, but avoiding fertilizers with
residual hydrogen ion will be more advantageous.
The levels of organic matter are high (more than 3.0%
organic carbon) and remains relatively high (more than
0.82% organic carbon) up to 65 cm depth. The medium
levels of nitrogen (0.25%) indicate a good quality

of organic matter. The extractable calcium levels

profile 2. and decreases with depth, while the levels

of magnesium are also high (7.6 meq/1 OOgri soil) and

This may probably beirregularly distributed.

inSalance the K and Ca anvailability in sugarcane.
Sodium and potassium in the extractable form are low
(less than 0.3 meq/1OOgasoil) and (less than 0.7
meq/1 OOgnsoil) respectively. With an exception of
profile 3, the general tendency of the extractable
potassium decreasing with depth suggests that the
contribution of potassium is^ mainly from. the. cccgpnic.

The CEO of clay is high (the values havema.tter.
than expected). This probablybeen rather higher

suggests the influences of 2;1 type of clay. With

the high values of base saturation as seen in profile

2,Mlimani does not seem to have soil fertility

Careful potassium and phosphorus managementproblem.
is suggested within the early years of using the land.

are high (11.2 meq/1 OOgmnsoil) in the topsoil of

: 149 :

related to the parent material and might however
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5.3.2.2 Mtoni S2s

Suitable for sugarcane. The limiting factor is

the soil characteristic especially related to soil

physical conditions. Other limitations of importance

include soil fertility and flooding.

As observed in profile 7, there is no rooting

restriction expected from the fairly low bulk density

values which tend to decrease with depth. Also the

topsoil tends to hold more available water. The

high contents of sand, makes soil physical conditions

It is not veryof Mtoni to be a limiting factor.
easy to suggest a solution for this problem under the
present working conditions of Kilombero, although the
incorporation of organic residues could improve the
soil physical conditions greatly. Careful water and
fertilizer management could probally bypass the
influence of texture though not attempting to solve it.

The soil reaction of Mtoni is slightly acid. The

organic matter content is high (1.85% organic carbon)

with a c/l'J ratio of 15» a good quality organic natter

The extractable calcium levels axeis suggested.

high (4.9 meq/100gn/3oil) and tend to increase with

depth. The magnesium levels are also high and



constant with depth (4.0 neq/100gasoil). The values

of extractable sodium are low like those of potassium

which are loss than (0.7 meq/IOOgnsoil) and tend to

decrease with depth similarly are the phosphorus levels

(16.J2 ppm). •. Th© levels’ of -CEC^and'.base saturation

are high as seen in profile 7.

management operations in Mtoni should consider also

the levels of potassium and phosphorus.

5.3.2.3 Msolwa - Bwawani 3Sf

The mostMarginally suitable for sugarcane.

Other factorslimiting factor is soil fertility.
which could be of importance include flooding and soil
physical conditions especially texture.

The soil physical conditions of Msol'-a.lBwawani
are characterized by no rooting restriction due to low
bulk densities as seen in profile 16 and decrease with
depth due to the influence of the organic matter which
also makes the available water content of topsoil

Tile soil physical limitation is due to highhigher.
due to the problems they cause duringclay content

land preparation. especially at- high moisture content^

The soil reaction of Msolwa-Bwawani is slightly
acidic and as has been suggested, the use of
agricultural lime is not very necessary at the

: 151 :
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residualpresent tine.

hydrogen ion could reduce further acidification of
the soil. The amount of organic natter is very high
(more than 4*31%) as seen in profile 16, while the
level of nitrogen is low. Thus nitrogen supply has
to sone extent to be supplemented. Like Mlimani and
Mtoni the levels of calcium and magnesium are high
while that of potassium is low. The lower base
saturation values indicates that Msolwa-Bwawani has
soil fertility problem (table 22). Thus supply of
fertilizer nutrients should be given a priority in
the management of (Msolwa-Bwawani) for agricultural
purposes.

5.3.2.4 S2 wfMsolwa

The mostModerately suitable for sugarcane.

limiting factor being internal drainage and slight

Other limitationsflooding during the rainy season.
include soil fertility as reflected by base saturation
and to some extent soil depth as limited by shallow
watexv-table.

With an exception of profile 18 the major part
of this area has bulk density values v/Mbh-increase
with depth as seen in profiles 9, 12, 15, 1? and
19, and have fairly low values such that no

The use of fertilizers with no
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rooting restriction is expected though high water
table noted during rainy season. The sandy clay
loam textures with moderate clay and low silt are
also favourable. The limitations which tend to reduce
agricultural production are due to wetness (table 22).
Therefore a control of flood and supply of simple
drainage structures are here suggested.

Like Msolwa-Bwawani the soil reaction of Msolwa
The level of organic matteris also slightly acidic.

as indicated by the organic carbon content is high
and tend to influence the bulk density and available

The nitrogen content (0.19/6)water holding capacity.
as seen in profile 18 is low and tend to decrease with

The calcium content of the soil is high moredepth.
than (5.0 meq/100@asoil) in profile 18, Also the
value of extractable magnesium is fairly high, this

The extractablemay be due to the parent material.
potassium content is low and tend to decrease with
depth suggesting that the contribution is mainly due

The lower base saturationto the organic matter.
values noted in the subsoils indicate that soil
fertility is a limiting factor for Msolwa.

5*3.2.5 3s wBwawani

The nosi'-

during the rainy season.

Marginally suitable for sugarcane.

UrrUtangr factor being drainage and flooding



Bwawani has high values of bulk density which
tend to increase with depth as seen in profile 8 and
10. These values indicate that rooting restriction

is a problem. However the available water content

is high and tend to increase with depth due to the

The high clay

content and the high bulk densities aggravates the poor
drainage condition of the soil. Thus it is suggested
that flood control should receive attention and also
drainage structures should be constructed if Bwawani
is to be productive.

The slight acidic soil reaction nay influence
the nitrification and the supply of nutrients such

The high content of organic natteras phosphorus.

and the values of nitrogen (0.22%) in profile 10

indicate high quality organic matter. There is no
linitation as far as the supply of calcium and
magnesium is concerned as their extractable values

low, so are values of base saturation which are
reduced with depth. Supplimentary fertilization
is suggested..

meq/1 OOgn: £011)

influence of the organic matter.

respectively.) o The levels of potassium.1 however, are
are high (more than 9.0 and 6.0

as indicated by the values of organic carbon (5.7%)
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5.3.2.6 Nyarubungu U1 wf

Currently not suitable for sugarcane. The most
limiting factor being sevx2re.wetness due to restricted
internal drainage and flooding during the rainy

Another factor which may also limit theseason.
use of the land is soil fertility.

The bulk density values for Nyarubungu are
high, and tend to increase with depth as seen in
profile 20 and 21. This aggravates the internal

Although the values of thedrainage condition.
topsoil are lower due to the organic matter content,
the much higher values of the subsoil indicate
restricted rooting which affects sugarcane. The
available water holding capacity values are fairly
high and tend to decrease with depth as Lorgunic'.matter
decreases. The sandy ilay loam texture does not seem
to influence the soil properties. Flooding has
been noted here as the highest limitation together
with internal drainage as expressed by wetness
(table 22). This makes Nyarubungu not suitable for

Thus unless consideration issugarcane currently.
given on the flood control, say by construction of

dykes and a drainage system, which is not very

likely at the present time, Nyarubungu will

remain not suitable for sugarcane.

s 155 :



Like Bwawani, Myarubungu has slightly acid soils and high
organic matter oontent. The major problem which is noted
in profile 20 is soil fertility as reflected by the base
saturation values which afe low. Potassium and phosphorus
is also very low. If Nyarubungu is to be utilized for
agricultural purposes, supplementary fertilization will
be necessary.

ants on Sys (1976). .fob!?*5.3.3 Co;

Although Sys (1976) table was adopted for drairing
up the suitability ratings, complete agreement with
Sys (19?6) table was not possible. Land qualities like
texture, base saturation and organic matter can be
rectified in sone places without having to incur.- very
heavy capital investments.
improper to place them under severe (permanent)
limitation in some localities.

According to Sys (1976), Mtoni mapping unit would
have fallen under suitability class 3, but observations
in the field showed that cane performance was just
slightly below that in Mlimani - Si. At the early
stages of growth (during the rainy season) performance
of cane at Mtoni is infaot equally as good as that of
Mlimani or Msolwa.

itiiny
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6. SUMMARY Al© CONCLUSIONS

Th© Boil and land evaluation has been oonduoted on sn-i Is
that are formed from colluvial and alluvial Materials iron the
raised block of the Migonberana and Gologolo mountains^ with
Usagaran basement oonplex consisting of nignatic gneiss, biotite,
hornblende, Usagaran undifferentiated and granulites. Rivers
fom the major land forming agent. Msolwa river and its
tributary Nyarunbungu has characteristics of frequent seasonal
flooding, resulting to undulating landscape with sand banks,
old channel levees and basins in flat areas. The natural vege­
tation. consisted of tree bush savanna with smaller areas of

This area has tropical rainy climate.bush and grass savanna.
The rainy season lasts from November to May with January dry

Soil classification of each of the 21 soil pits using the
Soil Taxonomy System, lias indicated the most dominant diagnostic

Only profiles 2, 8epipedon as an ochxic followed by unbric.
The mostand TO have shown features of a nollic' epipedon.

doran nnnt subsurface horizon is • canbic. Among the problems
encountered in the study was the identification of an argil lie

In sone pits weak patchy cutans were observed, howeverhorizon.
the argil lie horizon could not be confirmed due to lack of

la ok of mineralogical and sand fraction separation data made the

Moisture deficits are significant in June all through

The temperatures are high and varies between 21°O to 25°C

spells.

to December,.

in dry season and 25°C to 28°C in rainy season.

Al&o
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classification to the 1 v/cr category not possible. In this
study Inceptisols occupy the largest portion*profiles 1

12, 13, 14, 15, 16
formed from colluvial and alluvial materials. Otherg. include-

profiles 6, 7, 8 and 20 mostly of transported sodments.Entisols,
Mollisols appear only in snail portion, profile 10, while Ultisols

which are formed in situ from the residual material, comprises of
profiles 5 and 11, The problem of fitting all the information
into the Soil Taxonomy System was observed for sone pits in the

(Profiles 15 and 1?)» Aquic Humitropept subgroup
was suggested though not given in the system.

Broadly six napping units have been identified and grouped as
well
For each group two units have been identified and napped on the

Mlimanibasis of their slope, texture of topsoil and mottling.

rately drained, v/hile Bwawani and Nyarubungu are imperfectly

From this it oan be seen that the different unitsdrained.
observed and mapped are merely associations rather than single
soil types.

Land evaluation has been carried out using the F.A.O.

TVTI i mam’ is highly suitable for sugarcane production.System.
Mtoni is suitable with the most limiting factor being the soil

Msolwa-Bwawaniphysical characteristics related to texture.

which is marginally suitable has soil fertility limitations.

Msolwa tho most dominant unit has been nct'id to be moderately

suitable for sugarcane and the factors which tend to be most;

4, 9,

study area,
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, 2, 3,

and Mtoni are well drained, Msolwa-Bwawani and Msolwa are mode-

drained, moderately well drained and imperfectly drained.

,17, 18, 19 and 21 which appear to be



lixiiting include internal drainage and soil fertility. Bwawani
which occupies the lov/ly lying areas has been evaluated as being

marginally suitable for sugarcane with tho nost linit-ing factor.

being wetness as indicated by restricted drainage and seasonal

flooding. Nyarubungu which occupies tho lowest parts of the
study area on very flat lands is currently not suitable fora
sugarcane due to the limitation caused by severe poor
internal drainage and severe seasonal flooding. Also the soil

fertility of this ares is low.

The following conclusions and recommendations can be made
in vie?/ of the findings in this investigation!-

1. As there is a period of dry spell between June and December
it is suggested that

irrigation be carried out to help close up the moisture
However aCcmands of most plants including sugarcane.

careful study on the irrigation, the rate and system should
form a separate study.

As it has been noted, the soil reaction of nost of this2-
area is slightly acidic, amendment measures are therefore

The values however do not call for strongnecessary.

measures such as lining. Fertilizers v/hich have no

residual hydrogen ion such as calcium amoniuu nitrate

should be used instead of those with. residual hydrogen

ion like sulphate of ammonia.

when moisture deficits are observed,
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The use of fertilizer is here recommended for the most. part3.
of the study area especially Msolwa, Msolwa~Bwawani and
Nyarubungu units which have low soil fertility. This will
require a careful selection, placement and rating studies
before the fertilizers can be safely used.

Drainage and flood control measures are. also recommended4-
in order to make use of Msolwa, Bwawani. and Nyarubungu
units.

The Nyarubungu area (approximately 110 ha) which is5.
currently not suitable for sugarcane is recommended for
small scale rice, production, which can be utiliasd.
by the labour force working- in the estates.
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8. APEEKDICES

Appendix 1 Land evaluation systems.

The U.S.D.A. Land capability classification.

This is a three category classification:-

(1) A capability class defined as a grouping of subclasses
that have the same relative degree of limitation or hazard. Classes

are indicated by Roman numerals, the limitation to type of land

use and risks of damage to the environment increasing from class I

to class VIII The following are the abbreviated definitions of
capability classes.

Class I Soils with few limitations that restrict their use.

Soils with some limitations that reduce the choiceClass II

Soils with severe limitations that reduce the choiceClass III

of plants or require special conservation practices or

both.

Soils with very severe limitations that restrict theClass IV

choice of plants, require very careful management

or both.

Soils with little or no erosion hazard but with otherClass V

limitations impractical to remove that limit their
lise largely to pasture, range, woodland or wild life
food or cover.
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of plants or require moderate conservation practices.
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Class VI Soils with very severe limitations that males them

generally unsuitable to cultivation and limit their

use largely to pasture or range, woodland or Y/ildlife.

Class VII Soils with very severe limitations that make them not
suitable for cultivation and restrict their use
largely for grazing, woodland or wildlife.

Class VIII Soils and landforms with limitations that preclude
their use for commercial plants production and
restrict it to recreation, wildlife, water supply
or esthetic purposes.

(ii) A capability sub-class - is a grouping of capability

These kindsunits that have some IdLnds of limitations of hazard.

are indicated by lower-case later subscripts, of which the original

rootzone limitations (s) and climatic limitations (c). Later

adaptations of the system employ additional kinds of limitations

e.g. stoniness, salinity, The meaning of sub-class letters

changes according to the class to which they are attached; thus

the He” in sub-class III e indicates a more severe erosion hazard

than that in II e.

(Hi) A capability unit is a grouping of soil mapping units

the same potential, limitations and management responses.that have

Units are

vmthin a capability unit can be used for similar crops, require

similar management practices and soil conservation measures, and

shown by Arabic numbers, as 111^1,

system gives fours erosion hazard (e), excess water (w), soil

IIIe-2. All soils



have a comparable productive potential. With equal management,
the yield range within a unit is not expected to exceed 25 percent.

The U.S. Bureau of Reclamation land Classification for Irrigation.

This system classifies land in terms of its suitability
for irrigation. There are six land classes, abbreviated definitions
of which are as follows (note that ’’arable11 is used with the meaning
"irrigable").

Class I Arable. Lands that are highly suitable for irriga­
tion, being capable of producing sustained and
relatively high yields of wide range of crops at

They are smooth lying with deepreasonable cost.
soils, open soil structure allowing easy penetration
of roots yet good available moisture capacity and

potentially high payment capacity.

Lands of moderate suitability for irrigation,Class II Arable.
being lower than class I in productive capacity,

a somewhat narrower range of crops, moreadapted
expensive to prepare for irrigation or more costly

These lands have an intermediate paymentto farm.

capacity*
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free from harmful qualities of soils.- These have



Glass III Arable* Lands that are suitable but approaching
marginality for irrigation. They have substantial
soil topographic or drainage limitations. A greater
risk is involved in fanning these lands than class I
and II j but under proper management they-are exported to
have adequate payment capacity.

Glass IV Limited arable or special use. These lands may
either have excessive deficiencies susceptible of
correction at high cost, but are suitable for irriga­
tion of high value crops such as vegetables, fruits;
or they have excessive non-correctible deficiencies
precluding arable use but pexmiting use as irrigated
pasture or orchard.

Class V These lands are non-arable under existingNon—arable.
conditions but have a potential value sufficient to

warrant segregation for special study; or their arability

is dependent upon additional project construction.

designation is tentative and must be changed toThe .
the proper arable class or to class VI prior to
completion of the land classification.

These lands do not have sufficient paymentGlass VI Non-arable.
capacity to warrant consideration for irrigation.
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Appendix II Other profile features and analytical data.

2/8/?9T. Profile 1

External features

located about, 10 metres east of the Ifakara - Mikumi road

gradient; pit site near middle of the slope; ustic moisture
regime; isohyperthennio soil temperature regime; currently
under sugarcane; colluvial material; well drained; no flooding.

Internal features

Ap

to moderate medium sub-angular blocky; slightly sticky
and slightly plastic, firm, slightly hard; many fine and
few medium pores; oommon fine roots; clear smooth boundary.

moist; fine sandy olay; moderate medium sub-angular blooky;
sticky and plastic, film, slightly hard; many fine disocnti—
nuous inped pores; few fine roots; diffuse smooth boundary.

matrix with stones; moderate medium sub-angular blocky;
sticky and plastic, firm; many fine discontinuous inped
pores; few fine roots; clear smooth boundary.

0—22 cm Brown (10YR 5/3) dry, dark yellowish brown
(10YR 3/4), moist; sandy clay loam; moderate medium crumbs

: 178 :

B11

B12 60-80 am Yellowish red (5YR 4/8) moist, fine sandy clay

22^60 cm Dark brown (7.5YR 4/4) dry, dark brown (7.5YR J/3)

(.. 5) on a concave, east facing slope of approximately n6%



Yellowish red. (5YR 5/6) moist; fine sandy
clay; moderate medium sub-angular blocky; sticky and
plastic, firm? many fine discontinuous inped pores; few
fine roots.

80-110+ cm
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2/8/19Pfofile 2

External features

middle part of the slope; ttstio moisture regime, isohyperthermio

soil temperature regime; currently under sugar cane; colluvial

material; well darined; no flooding.

Internal features

Ap

brown (10YR 3/2) moist; sandy clay loam; moderate medium

sub-angular blocky; slightly stioky and slightly plastic,

slightly firm, slightly hard; many fine discontinuous inped

pores; many fine to medium roots; clear smooth boundary.

(1OYR 3' 1) moist;,moderately fine sandy clay loam; moderate

medium sub-angular blocky; slightly sticky and slightly

plastic, firm, hard; many fine discontinuous inped pores;

weak olay skins (cutans) present; few fine roots; olear

smooth boundary.

44-55 cm Dn.rlr, brown (1OYR 4/4) dry, dark brown (1OYR 4/2)

moist; moderately fine sandy olay loam; weak fine sub-

angular blooky; slightly sticky and slightly plastic,

boundary.

friable, soft; many fine discontinuous inped pores; few 

fine to medium roots; stones 5/o, diffuse irregular

located 20 metres east of the Ifakara - M1 Inmi road-, on a 

conoave oast facing slope of approximately 2$; pit site near

: 182 x

Bw

A12

0-18 cm Dark brown (10YR 3/3) dry, very dark greyish

18-44 cm Very dark brown (10YB 2/2) dry, very dark grey



65—85 geo Yellowish red (5 YR 4/6) moist} coarse sand0
v/ith gravelj structureless; non sticky and non plastic,
friable, loose; many fine discontinuous inped pores;
very few fine roots; diffuse irregular boundary.•

Daa3creddish brown (5YR 3/4) moist;, moderately85-100 an

fine sandy clay loam; weak fine sub-angular blooky; slightly

sticky and slightly plastic, slightly firm, slightly hard;

maxiy fine discontinuous inped pores; very few fine roots;

diffuse irregular boundary.

100-122 cm Dark yellowish brovzn (10YR 3/4) moist; moderately

fine sandy clay loam; weak to moderate fine sub-angular

blocky; slightly sticky and slightly plastic, firm, hard;

many fine discontinuous inped pores; very fow finfe roots;

clear smooth boundary.

122-150 cm Dark yellowish brown (10YR 4/4) moist; moderately

fine sandy olay; weak to moderate medium sub-angular

blooky; sticky and plastic, firm, hard; common fine

discontinuous inped pores; very few fine roots.

b indicates a buried profile

A^b
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3/8/79Profile 3

External features

faoing slope of approximately 8/; pit site near middleeast

part of the slope, ustic soil moisture regime, isohyperthenaio
soil tempei'ature gegime; currently under sugar

material; well drained; no flooding.

Internal features

Ap 0—22 am

moderate fine and medium sub-angular blocky; slightly
stioky and slightly plastic, slightly firm, slightly hard;
many fine disoontinuas inped pores; many fine roots; clear
smooth boundary.

(5YR 4/6) moist; fine sandy clay; moderate fine and

medium sub-angular blocky; stioky and plastic, firm

slightly hard; many fine discontinuous inped passes;

few fine roots; diear smooth boundary.

Red (2.5YR 4/5) dry, yellowish red (5 YR 4/8 )OB

moist; fine sandy-.^Tny, gravelly and stony; structureless
slightly stioky and slightly plastic, friable^ soft; many
fine discontinuous inped pores; few fine roots.

Bark yellowish brown (10YR 3/4) dry, dark brown 
(?»5YR 3/2) moist; moderately fine sandy clay loam;

60—100+ ;om

l 186

B(w)

15 metres east of the Ifakara — M.i kupri road, on a convex

cane, colluvial

22-60 am Yellowish red (5YR 4/6) dry, yellowish red
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3/8/79Profile 4

External features

located about 200 metres east of the Ifakara to Mikmai road ;

undulating, concave east facing slope of about 2^ -pit hxto
neaojmiddle part of the slope; untie but tending towards udio soil
moisture regime; isohyperthermic soil temperature regime; currently
under sugarcane; colluvial material; well drained; no flooding.

Internal features

moderate medium sub-angular blocky; sticky and plastic,
slightly firm, slightly hard; many fine discontinuous inped
pores; many fine medium roots; clear smooth boundary.

45—68 «m Dark greyish brown (10YH 4/2) moist; moderately
fine sandy clay loam; weak to moderate medium crumbs;
Slightly sticky and slightly plastic, firm; many fine
discontinuous inped pores; few fine roots; clear smooth
boundary.

Yellowish brown (10YR 5/6) moist; moderatelyCB

fine sandy clay loam cemented with gravel; moderate, medium

sub-angular blocky;, greyish cortozations- present; slightly

sticky and slightly plastic, firm; common fine discontinuous

Inped pores; few fine roots.

B1

68-1Q0+ cm.

: 189 :

A1 0—25 cm Dark greyish brown (10YR 4/2) dry, very dark grey 
(10YR J/1) moist; moderately fine sandy clay loam; weak to
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18/9/79Profile 13

External features

Located at about 10 metres east of the road to Ifakara

middle part of the slope; ustic. moisture regime; isdhyperthexmio

soil temperature regime; woodland; currently under sugar cane;

colluvial material; well drained; no flooding.

Internal features

0-15 am Brown (7.5YR 4/2) dry, dark brown (7.5YR 3/2)Ap ^n

moist; medium sandy loam; moderate medium crumbs grading

to sub-angular blocky; slightly sticky and slightly

fine roots; clear smooth boundary.

15-60 am Brown (7.5YR 4/2) dry, dark brown (7.SIR

3/2) moist; medium sandy loam; moderate medium

sub-angular blocky; slightly sticky and slightly

smooth boundary.

plastic, friable, loose; many fine discontinuous 

inped pores; concretions (about 5/0 present many

from Miliumi ( Pfec 5); undulating, approximately 3 km long, 

convex east facing slope of approximately 5/, pit site near

: 192 :

plastio, friable, loose; many fine discontinuous inped 

pores; concretions (about 7$) present; fan fine roots; doar

A12cn



clear smooth boundary.

gravel; weak fine sub-angular blocky to structureless I
non sticky and non plastic, friable, loose; many flno

weak fine sub-angular blocky to structureless; Slightly
sticky and slightly plastic, slightly firm to friable, !■;
loose; many fine discontinuous inped pores; concretions 
(about 10$)present; few fine roots.

discontinuous inped pores; few fine roots; concretions 
(about 10$)preeent; clear smooth boundary.

sub-angular blocky; slightly sticky and slightly plastic, 
friable, soft; many fine discontinuous inped pores;
concretions (about T/i) present; few fine roots;

95—120 am Reddish brown (5YR 5/4) dry, reddish brown 
(5YR 4/4) moist; moderately fine sandy clay loam with

60-95 on Brown (7.5YR 5/4) dry, dark brown (7.5YR 
4/4) moist; medium sandy loam; moderate medium

O^on

: 193 1

C2on 120-185+ an Yellowish red (5YR 4/8) dry, yellowish 

red (5YR 4/8) moist; moderately fine sandy Blay loam;

B(w)on
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18/9/79Profile U.

External features

Located air about 400 metres east of the road to Mikumi

from Ifakara ('.Eig*'.. 5) J flat to undulating, approximately

3 km. long concave east facing slope of approximately 3$,

pit site near middle part of the slope; ustic soil moisture

regime, isohyperthermic soil temperature regime; woodland;

currently under sugar sane; colluvial material; well drained;

slight flooding.

Internal features

0-25 am Brown (10YR 5/3) dry, dark yellowish brownAp

(10YR 3/4) moist; fine sandy clay; moderate medium
crumbs; slightly sticky and slightly plastic, firm,
slightly hard; many fine discontinuous inped random
pores; many fine toots; clear smooth boundary.

B(w)1
moist; moderately fine sandy clay loam; moderate medium

sub—angular blohky; slightly sticky and slightly plastic,

firm, slightly hard; many fine discontinuous inped pores;

fey/ fine roots; clear smooth boundary.

51-61 cm Brown (7.5YR 5/4) dry, dark reddish brown

(5 YR 3/4) moist; coarse sand; weak to moderate fine

sub-angular blacky to structureless; non sticky and non

plastio, friable, loose; many fine discontinuous inped pores; •.

few fine roots; clear smooth boundary.

: 196 :

B(w)2

25-51 am Brown (7.5YR 5/4) dry, dark brown (7.5YB 3/2)



61-84 am Brown (7.5YR 5/4) dry, olive brown (7.5YR 4/4)
moist; fine sandy clay; weak to moderate medium sub-
angular blocky; sticky and plastic, firn, slightly hard;
many fine discontinuous inped pores; few fine roots;
diffuse smooth boundary.

Dark brown (7.5YR 4/4) dry, dark brownC
(7.5YR 4/4) moist; sandy clay; moderate medium sub-
angular bloolcy to massive; sticky and plastic, firm,
hard; many fine discontinuous inped parses; few fine
roots.

84—200+ cm

: 197 :

B(w)3
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18/9/79Profile 16

External features
Located at about km east of the road from Ifakara

to Mikuni ( Ei£.f 5), almost flat, approximately 3 km long,
linear, east facing slope of approximately 2% gradient; pit
site near middle part of the slope; aquic soil moisture regime,
isohyperthermic soil temperature regime; wooded grassland;
currently under sugar cane; alluvial material; moderately well

drained; slight -flooding*

Internal features

Ap
(1OJPR 3/1) moist; moderately fine clay loam; granular;
sticky and plastic, firm, hard; common fine discontinuous
inped pores also few medium continuous pores; many fine
roots; diffuse irregular boundary.

sub-angular structure breaking into small. prisma; sticky
and plastic, firm, hard; common fine discontinuous pores
with few medium continuous pores; mottles present; ’
slickensides present; few fine roots; diffuse irregular
boundary.

30-66 cm Greyish brown (1OYR 5/2) dry, very dark greyish 
brown (10YR 3/2) moist; fine sandy day; moderate fine

: 200 t

B(w)g

0-30 am Greyish brown (10YR 5/2) dry, very dark grey



Cg

massive, ‘breaking into small prisms ; sticky and plastic
firm, hard; common fine discontinuous inped with few
medium continuous pores; mottles present; fin fine roots;
slickensides present.

4*66-’117 am Yellowish brown (1OYR 5/6) dry, yellowish 
brown (1OYR 4/4)moist; moderately fine clay loam;

: 201 :
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18/9/79Profile 17

External features

located at about 2 km east of the toad from Ifakara to
Mikumi ( Pig. 5); almost flat, approximately 3 km long
linear, east facing slope of approximately 2% gradient, pit
site at lower part of the slope; aquio soil moisture gegime,
isohyperthezmio soil temperature regime; wooded grassland;
currently under fallow; alluvial material; moderately well
drained; slight flooding.

Internal features

Ap
brown (10YR 3/2) moist; moderately fine sandy clay loam;
moderate fine to medium sub-angular blocky; slightly sticky
and slightly plastic, friable, slightly hard; many fine
discontinuous inped pores; insect nests (4%) present; many
fine roots; diffuse irregular boundary.

brown (1OYR 4/4) moist; moderately fine sandy olay loam;
mmderate medium sub-angular blocky; slightly sticky and
slightly plastic, fim, hard; many fine discontinuous
inped pores; few fine roots; diffuse smooth boundary.

204 :

B(w) 38-77 am Yellowish brown (10YR 5/8) dry, dark yellowish

0-38 cm Yellowish brown (10YR 5/4) dry, very dark greyish



Light olive brown (2.'tYR 5/4) dry; yellowish
brown (1OYR 5/6)moist; moderately fine sandy clay loam;
massive to moderate medium sub-angular blocky; slightly
sticky and slightly plastic, firm, hard; many fine
discontinuous inped pores; yellowish and brownish mottles
present; few fine roots.

77-145* cm

205 x

B3
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External features

located at about 2 km east of the road from Ifalcara to

lower part of the slope; aquic moisture regime; isohyperthennic
soil temperature regime; wooded grassland; currently under
fallow; alluvial material; moderately well drained; slightly
flooding.

Internal features

Ap
(1OYR 3/1) moist; moderately fine sandy olay loam; moderate
medium orumbs; slightly stioky and slightly plastic, friable,
soft; many fine discontinuous inped pores and few medium
continuous pores; many fine roots diffuse smooth boundary^

Dark brov/n (10YR 3/3) dry, very dark greyish20-52 cm
brov/n (10YR 3/2) moist; moderately fine sandy clay loam;
moderate medium sub-angular blocky; slightly stioky and
slightly plastic, fira. slightly hard; many fine discontinuous
inped pores and few medium continuous pores; few fine
roots; diffuse smooth boundary*

B(w)1

Milcumi ( ’^ig*: 5); almost flat, approximately 3 km long, linear, 
oast facing slope of approximately 2% gradient pit site near

0-20 cm Dark greyish brov/n (10YR 4/2) dry, very dark grey

: 208 :



medium sub-angular Jjlocky; slightly sticky and slightly
plastic^ firn, slightly hard; brown mottles (about 15%)
present; oomon fine discontinuous inpod paces; few fine
roots.

Water table at 85 cm depth.

: 209 :

K(w)2g
(10YR 4/1) moist; moderately fine sandy clay loam; moderate
52-85 cm Bark brown (10YR 4/3) d y, and dark grey
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