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SUMMARY AND CONCLUSIONS
This report concerns a semi-detailed soil survey of the UNHCR
Rural Settlement Scheme near Witu, Coast Province. The area is
approximately 7900 ha large. The final soil map has been prepared on
a scale 1:50,000.
Rainfall distribution is bi-modal with most of the precipitation
falling during the long rains. The short rains are unreliable.
The area belongs to the Pleistocene marine terrace, and is almost
flat. The geology consists for the greater part of coral rock and
lagoonal deposits. Only to the West recent alluvial deposits of the
Tana floodplain occur.
Apart from the Western boundary no streams traverse the area.
The Tana floodplain is flooded twice yearly. The soils over lagoonal
deposits are dotted with seasonal ponds, that every year for some time
are filled with rainwater.
The pattern of soils follows the pattern of the geology and the
drainage conditions. Over coral rock, deeply weathered, well drained,
red friable clays to sandy clay loams occur. In places outcrops of
coral rock are found, associated with shallow soils. The lagoonal
deposits are characterized by "sand over clay" soils: usually a very
friable to loose sandy loam to sand top and upper sub-soil over a firm
sandy clay to clay (deeper) sub-soil. This clay sub-soil causes
water-logging during the wet season, to various extents. The soils of
the Tana floodplain, and a strip bordering this plain, have a clay
texture, are imperfectly drained, and are saline.
The soils over coral rock are not high in mineral reserves and
nutrients, strong deficiencies do not occur however. Soils on lagoonal
deposits, with sandv top soils, show deficiencies and will need
fertilizers (N.P.K.).
Of the physical properties are the infiltration rates favourable:
no loss of rainwater by run-off. Soils on coral rock show high bulkdensities (1.5 - 1.7) and low pore volumes (30$) in the upper sub-soils.
Land evaluation for smallholders rainfed mixed farming has been
carried out. Limiting land qualities for annual crops are soil moisture
storage and chemical fertility on the "sand over clay" soils. Waterlogging will locally be problematic. The soils over coral rock (except
PLr3 and parts of PLC) are suitable for maize and most other annual
crops. Limiting landqualities for perennial crops are climate (in case
of Coconut and Banana because of rainfall distribution), waterlogging
and depth of soil (in case of Cashewnut and Mango). All well drained
very deep soils are suitable for most perennials. All moderately
well to poorly drained soils with sandy texture in the upper horizons
are conditionally suitable for horticulture.
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1.1

THE ENVIRONMENT
Location, Communication, Population.

The settlement scheme is situated in the Coast Region, and is
divided by the boundary of Lamu and Tana River Districts.
The area appears on the 1:50,000 map sheets 179/4: Witu and
180/3: Mkunumbi; it is bordered at the North by the H 35 line, at the
South by the H 20 line, to the East approximately by the F 70 line,
and to the West by the Zimbwe la Mahobe river. The surface area is
approximately 7900 ha.
The scheme is crossed by the Witu-Kipini road, which is a well
maintained all weather road, although some short stretches may be
flooded upon excessive rainfall. There is one road that branches off
towards a former limestone quarry in the centre of the area. In the
South another side road leads towards Mwoga Hakai in the Tana floodplain.
During fieldwork frequent use has been made of two B.P. made
outlines that are clearly visible on the aerial photographs. Other
outlines have been met in the field, but were not of much use for
orientation or transport.
The area is practically non inhabited. A few acres are cultivated
by Giriama people. Occasionally the grasslands in the centre of the
area are grazed by cattle from inhabitants of Witu. Along the Tana
floodplain in the East some Pokorao and Luo fisherman live in semipermanent huts. The total number of people does probably not exceed
20 in the whole area.
1.2

Climate.

Extensive information on the climate of the area around Witu is
found in Jaetzhold 1978« Braun 1978 deals with general aspects of the
climate along the Kenyan coast, and Braun 1977 more specifically with
rainfall probability.
The following is largely derived from Jaetzholds publication:
Rainfall data for the Witu area are based on interpolation
between the rainfall stations Witu and Mkunumbi.
Mean annual rainfall is between 1000 and 1100mm. Mean annual
potential evaporation is, according to Woodhead (1968) 2300mm (Penman
method). The rainfall - potential evaporation ratio r/Eo for Witu
places this area in zone IVa of the country wide system of ecological
zones (see Braun, 1978).
However, most of the precipitation falls during the long rains,
with a rainfall surplus. Between March and July fell more than 700mm
(sufficient for Coast Composite Maize) in 22 out of 45 years; and less
than 250mm (too dry for Katumani Maize) in 4 out of 45 years.
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The mean annual rainfall during the short rains (November December) is 330 mm; more than 250mm in 60$ of the observations.
The reliable four humid month3 of the long rains are favourable
for the cultivation of most annual crops. The short rains are insufficient and too unreliable for annual crops, but in view of the
survival of perennial crops most welcome.
Some annuals could be grown in the short rains, if use is made
of the surplus from the long rains (planting in June, on soils with
good moisture storage).
Driest period of the year is January - February, during which
perennials (Bananas) may suffer from wilting.
Rainfall surplus, especially in May, can cause problems (leaching
of fertilizers, adverse effects on pollination, diseases, excessive
waterlogging on less well drained soils).
1.3

Geology, geomorphology. hydrology, erosion.

1.3.1

Geology:

Geological information so far available is contained in a
cyclostyled report by Matheson, 1962.
The parent materials, from which the soils have developed are
coral rock (units PL), lagoonal sediments and locally beach ridge
deposits (units PA).
The coral rock is partly very deeply weathered, partly present
at shallow depths. It is capped by an impenetrable layer of secondary
limestone (Kunkar, petrocalcic layer). The lagoonal sediments are
mainly a shallow layer of sand over clay. Thick sand deposits are
related with former beach ridges. To the West clay alluvial sediments
are found in the Tana River floodplain (unit AAs).
1.3.2

Geomorphology and landforms:

According to the above mentioned Geological report, the area can
be divided into two geomorphological units: Pleistocene marine terrace
and Recent floodplain.
The marine terrace is an almost featureless flat plain. However,
two NW - SE stretching steps or minor escarpments are clearly visible
in the landscape. Whether these are former coastlines is not clear,
as the scarps face SW.
The mesotopography of this coastal plain has a relation to the
geology. The relief over coral rock is very gently undulating to
flat, with very few seasonal ponds (units PLrl, -2 and -3)« Only
where coral rock is near to the surface, the topography is of shallow
long stretching depressions and ridges, parallel to the "scarps'; in
the landscape (unit PLC).
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The lagoonal deposits show a more irregular mesotopography,
also very gently undulating, but with many circular seasonal ponds,
(units PAgl, -2, -3 and -s, PAC1, PAC2). Some clear ridges in the
landscape are former beach ridges (PAb). Smaller beach ridges merge
gradually in local higher grounds of the surrounding lagoonal deposits.
Unit PJs is situated on a lower level of the marine terrace,
probably not of Pleistocene, but of sub^-recent age. Its position is
almost at the level of the floodplain.
1.3.3

Hydrology:

Apart from the Zimbwe la Mahobe river, that borders the western
side, no watercourses are present. The Western part of the area, the
Tana floodplain, is flooded twice a year. The numerous round depressions
of the lagoonal deposits are seasonally waterlogged, once a year to
various extents, due to a slowly permeable clay sub-soil.
Floodplain water has an electrical conductivity of around
2.000 MHo, whereas the almost pure rainwater from seasonal ponds has
an EC of around 50 - 150 MHo (during the survey).
1.3.4

Erosion:

Gullies, truncated top soils, run off during heavy downpours,
as most obvious features of erosion, have not been observed in the
area. This absence of erosion is due to the level topography, and
the generally course textured top soil that with the undisturbed, lush
vegetation cover allows for a well structured porous surface.
How the present rapid infiltration rates will change under cultivation practices is rather unpredictable, but it is foreseen that
problems of erosion will be negligible.
1.4

Vegetation

The vegetation has been recorded as much as possible during the
survey since, especially in non cultivated areas, its variation from
place to place is usually closely related to variation in soil
conditions.
Together with every soil observation the vegetation was recorded
in terms of physiognomy (according to Pratt et al., 1966), and species
composition. The physiognomy describes the cover of trees, shrubs
(woody vegetation, taller, resp. lower than 6m), herbs and grasses
3eperately. Of each of this vegetation "layer" the dominant species
were mentioned as far as known. Within the context of the survey it
was not considered relevant to collect unknown species for determination
in the EA herbarium.
Forests
Dense stands of woody vegetation, clearly recognizable on the aerial photographs, are not forests in the sense of
primary tropical rain forests. These are mere secondary tall
shrub thicket, with scattered tall trees (original species?) and
with many Doum palms intergrown. These "forests" are in some
cases related to deep, excessively drained sandy soils of former
Contd./4..•
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beach ridges (unit PAb) but also cover less well drained deep
sandy soils (partly unit PACl). However, within these forests
only few observations have been made.
Wooded bushed grasslands are commonly found on soils with coarse
textured upper horizons. They consist of small patches of the
above mentioned secondary forest, among wooded grassland of
Doum palms over Hyparrhenia cymbaria and Panicum maximum (unit
PL3). Panicum maximum is related to shade, not to a partiuular
soil condition. Under waterlogged conditions the grass layer
is also occupied by Digitaria diagonalis (Unit PAgl, -2)«
Wooded grasslands, typical of the "best" soils of the area
(units PLrl and PLr2).They consis of Doum palms over Hyparrhenia
cymbaria. The Hyparrhenia is partly replaced by Brachiaria sp
and Andropogon sp in unit PAg3, where the top soils contain more
clay and are less well drained.
Grasslands, on well drained soils (unit PLC), consist almost
exclusively of Hyparrhenia cymbaria and Heteropogon contortus.
Where the area is grazed, many leguminous unpalatable herbs grow.
The seasonal ponds of the "sand-over-clay" soils (units PAgl,
and PACl) bear grasslands that consist of Digitaria diagonalis and
Dactyloctaenium aegyptiacum.
Bushed grasslands occur on unit PJs and consist of the salt
tolerant Acacia zanzibarica and Ormocarpum kirkii over Digitaria
diagonalis, Sporobolus spicatus and others.
The woody vegetation of the units PAC2, PAgs and PJs which form
a broad strip along the Tana floodplain is markedly different from
that of the rest of the area.
1.5

Wildlife

Baboons have been met most frequently during the survey. They are
present in vast numbers, and may turn out to be the most serious problem
for successful cultivation.
Further, Topi and Waterbuck are commonly seen. Warthogs and
Buffaloes are occasionally met, and of Elephants only tracks and
droppings were seen. Birdlife is magnificient, especially along the
Tana river floodplain. Hippo's are known to be present there as well.
(Tourist development and/or conservation practices might be worthwhile
considering).
1.6

Land Use

Land use is virtually absent. Only a few acres are under
cultivation. Bananas, maize, cow péas, sweet potatoes and cassava
are the main crops grown. A 3mall area of grassland (within Unit PLC)
is occasionally used as grazing for beef cattle.
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2.

THE SOILS

2.1

Methods

The methods followed in this survey are according to those in
use by the Kenya Soil Survey. The most essential ones are mentioned
here.
2.1.1

Office Methods:

Prior to fieldwork the available 1:50,000 aerial photographs were
studied stereoscopically. The photographs date from 1969 and are of
good quality. Differences in landform, hydrology and vegetation were
delineated, since it is the experience that areas with similar forms,
patterns and grey tones tend to have similar soils.
If this appears to be true in the field, the photo-interpretation
allows for the extrapolation of soil records over areas not observed
in the field. In connection with this it is essential that field
observations are plotted accurately on the photographs.
2.1.2

Field Methods:

An estimated 500 observations were regarded necessary to arrive
at a reliable 1:50,000 scale soil map of the scheme. Fieldwork has
been carried out from the end of January to end March 1979«
Since available topographic maps (1:50,000, no contour lines) are
not accurate enough, use has been made of enlarged aerial photographs
(1:12500 approximately). These enabled a reasonable orientation in
the field.
503 routine augerhole observations have been made. These were
plotted on the enlarged photographs. They were carried out with an
"Edelman" type auger, up to a depth of 1.20m. Of each different
horizon were recorded: depth; colour; mottling (if any); texture;
consistence when moist and wet (no dry conditions during survey period);
concretions (if any); pH and electrical conductivity (l:2-g- suspension).
See appendix 2 for the location of these observations.
6 Profile pits have been dug (120 - 130cm deep), of which for each
horizon have been recorded, apart from the properties mentioned above:
horizon boundaries; structure; cutans (if any); pores; root distribution.
Also each horizon was sampled for standard survey analysis as well as
for pF values and bulk density (undisturbed "ring" sampling). See
appendix 3 for analytical data«,
4 deep augerings have been carried out, by auger with extension
rods, up to 5m depth, if not halted at shallower depths by rock or
very hard soil material. See appendix
2.1.3

laboratory methods :
For laboratory methods see K.S.S. Reconnaissance Soil Survey Reports.
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2.1.4

Cartographic methods:

The soil map (appendix l) with its topographic base map has been
drawn simply on a transparant over the joined aerial photographs, since
better material for the base map is not available (comparing the
photographs with the 1:50,000 topomap reveals that the topomap is far
from accurate).
The map with the location of observations has been drawn on a
transparant over the enlarged photographs (appendix 2 ) .
2.2
2.2.1

SOILS
Previous work:

Part of the Scheme is covered by the 1:100,000 scale photointerpretation map of the Tana Delta, by Wokabi et al, 1976. Thxa
information on soils, covering the scheme is however not sufficiently
detailed to serve our purposes. Moreover it seems that the soils in
the scheme are not representative for the soil units as described
and indicated on their map.
2.2.2

General properties:

An important division can be made between well drained yellowish
red soils, developed over coral limestone rock (PL units) and the mainly
imperfectly drained brown mottled "sand over clay soils" (PA unite).
f

Soils developed over coral limestone rock are yellowish red, well
drained sandy clays and clays. Apart from a zone in the centre of the
area, where rock outcrops occur among soils of shallow depths, the
soils over limestone are extremely deep and have a good moisture
storage capacity. A-horizons are dark and well developed, although
rather thin. Chemical fertility of these top soils is not high, but
strong deficiancies do not occur. Apart from the areas with rock
outcrops (unit PLC) these soils are the best of the scheme and pose
no restrictions to agricultural practices.
Soils developed over lagoonal deposits are mainly brown, mottled,
imperfectly drained, loamy sand over sandy clay (PA units). The
drainage conditions vary, but in general will bring difficulties for
crop cultivation. Moreover the strong difference in texture between
upper and lower subsoil are of no advantage to root development, but
their chemical fertility shows deficiencies, or will most probably
do so after a few seasons of cultivation. These "sand over clay"
soils are regarded as marginally suitable for most crop farming.
To the West a broad strip of saline clay soils occur: units PAgs,
PJs and AAs. The latter are seasonally flooded. All three are regarded
as unsuitable for agriculture.
2.2.3

Mapping unit symbols:

Differentiation of soil mapping units is according to landforra
(highest level division), parent material (second level) and at lowest
level the most important soil characteristics such as colour, drainage,
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depth, consistence, etc,
organised accordingly:
Land forms:

The symbols of the mapping units are

P - coastal plain
A - floodplain

Parent
Material:

L - coral limestone rock
J - lagoonal deposits
A - various sediments (alluvial deposits,
lagoonal deposits and beach ridges)

r - red
Soil
Characteristics
"b - brown
g - gieyic, i.e. imperfectly to poorly drained
p - restricted depth
s - salinity
A capital C is used for the indication of a complex mapping unit,
i.e. when various soil types occur in such a close pattern that they
are not separable at the scale of mapping
2.2.4

Description of soil mapping units;

Terminology used follows the FAO "Guidelines for Soil Profile
Description", the USDA Soil Survey Manual, and the Munsell Soil
Color Charts. pH figures are based on measurements in 1:2§- soil destilled water suspension.

P

COASTAL PLAIN

PL Soils developed on coral rock, partly with lagoonal deposits
Mapping unit PLrl
Surface area:
Parent Material:

Coral rock

Relief:

almost flat, very gently undulating mesotopography

Vegetation:

wooded grassland of Hyparrhenia cymbaria (40-60$
cover), and with Down palms (2-15$ cover).

Soils:

well drained, very deep, yellowish red, friable
sandy clay to clay.
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A Horizon:

10-15cm of black (7.5 YR 3/2 when dry, 7.5 YR 2/1
when moist) sandy clay loam. Structure is fine
to medium sized, moderate, subangular blocky.
Consistence is friable when moist and slightly
sticky and plastic when wet. The lower boundary
is gradual to clear. pH 6.0 - 6.2. Deficiencies
according to Mehlig analysis:

Bl Horiaon:

Up to 45cm of dark brown (7.5 YR 5/4 when dry,
7.5 YR 3/3 when moist) clay. Structure is medium,
weak, angular blocky. Consistence is firm when moist
and sticky and plastic when wet. Clay cutans are
present in the lower pari; of the horizon. The
boundary with the B2 horizon is gradual. pH between
5.9 and 6.4.

B2 Horizons:

generally from 45cm downwards to more than 120cm:
yellowish brown (5YR 6/6 - 4/8 when moist) clay.
Structure is very weak, angular blocky to porous
massive, moderately coherent. Consistence is
very firm to firm when moist, and sticky and very
plastic when wet. Clay cutans are present. pH
ranges from 6.0 - 6.6«

Classification s

FERRAL * - chromic LUVISOL, see chapter 2.3

Remarks :

the soils of this unit do not pose any restrictions
to crop cultivation.

MAPPING UNIT PLr2
Surface Area:
Parent Material:

Coral rock

Relief :

very gently undulating mesorelief.

Vegetation:

wooded grassland of Hyparrhenia cymbaria and
Panicum maximum (60$ cover) with Doum palms
(10 - 20$ cover). Clusters of bush thicket or
forest remnants are present.

Soils :

well drained, 3 0 - 5 © "cm, dark brown to dark
reddish brown, friable, sandy clay loam over well
drained, very deep yellowish red, friable to firm
sandy clay to clay.

A Horizon:

15cm of black (7.5YR 3/1 when dry, 7.5YR 2/l when
moist) sandy loam to sandy clay loam (occasionally
loamy sand), with weak to moderate, medium, subangular
blocky structure. Consistence is friable whem moist,
non sticky and slightly plastic when wet. The
transition to the Bl horizon is clear to gradual
pH ranges from 6.2 - 6.9. Deficiencies according to
Mehlig analysis:
Contd:/9...
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Bl Horizon:

up to a depth of 30 - 50cm of very dark brown
(7.5ÏR 5/4 when dry, 7.5YR 3/2 when moist) sandy
clay loam with weakly coherent, porous massive
structure. Consistence is friable when moist,
slightly sticky and plastic when wet. Clay cutans
are present in the lower part of the horizon. Transition to the B2 horizon is gradual. The upper Bl horizon
merges laterally and gradually into a locally present
albic E horizon. pK varies between 6«3 and 6*8.
CEC:

B2 Horizon:

$ base saturation:

very deep, yellowish red to dark red (5YR 5/6 when
dry, 4YR 4/8 when moist) clay to sandy clay with
porous massive, moderately coherent structure.
Consistence is firm to friable when moist and sticky
and plastic when wet. The upper B2 horizon shows
clay cutans. pH varies between 6«0 and 6«6«
CEC:

% base saturation:

Classification :

FERRAL * - chromic LUVI30L, see chapter 2.3

Remarks :

no restrictions to crop cultivation. See appendix 3
for a profile description and analytical data.

MAPPING UNIT PLr3
Surface Area:
Parent Material:

coral rock and lagoonal deposits.

Relief:

very gently undulating mesotopography.

Vegetation:

wooded grassland of Doum palms (5 - 10$ cover)
over Hyparrhenia cymbaria and Panicum maximum
(30 - 50$ cover). Frequently present are patches
of wooded bush thicket or small remnants of
secondary forest.

Soils :

well drained, 30 - 50cm, dark brown to dark
reddish brown very friable, sandy loam to loamy
sand, over well drained, very deep, yellowish red,
friable to firm, sandy clay to clay.

A Horizon;

10 - 15cm of black to very dark brown (7.5ÏR 2/l 3/2 v/hen moist) very friable sandy loam, with
moderate, medium, subangular blocky structure.
Boundary with Bl horizon is clear to gradual. pH
ranges from 6»3 to 6.8. Deficiencies according to
Mehlig analysis:
CEC;

i° Base s a t u r a t i o n :
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Bl or E
Horizon :

Up to 40 - 50cm of dark brown to dark reddish
brown (7.5Y/R 3/3 - 5YR 4/4 when moist) sandy loam
to loamy sand. Structure is very weak, medium,
angular blocky to porous massive, weakly coherent.
Consistence is very friable when moist and non sticky
and non plastic when wet. Clay cutans are present in
the lower part of the horizon. The transition
towards the B2 horizon is clear to gradual. pH ranges
from 6.0 to 7.0.
CEC:
% base saturation:

B2 Horizon:

very deep, yellowish red to dark red (5YR 4/6 2.5 "XR 3/6 when moist) sandy clay to clay, with
friable to firm consistence when moist, sticky and
plastic when wet. Structure is moderately coherent,
porous massive. The upper B2 shows clay cutans.
pH ranges from 5.7 to 6«9«
CEB:
% base saturation:

Classification :

FERRAL*- albic LUVISOL, see chapter 2.3

Inclusions :

The soils of this unit merge gradually into those of
unit PLr2, where the topsoils contain less sand.
Boundaries between units PLr2 and PLr3 are not certain.

Remarks :

The moisture retaining capacity of the upper horizon
is very much lower than that of the deeper subsoil.
The rather strong difference in texture of upper and
lower subsoil may act as a hindrance to root development, although the transition is gradual. Hence
annual crops may suffer drought. Perennial or drought
resistant annual crops may be preferred.

MAPPING UNIT PLC
Surface Area:
Parent Material: coral rock
Relief :

very gently undulating mesotopography; locally, in
relation with rock outcrops, irregular microtopography.

Vegetation:

grassland of Hyparrhenia cymbaria and Heteropogon
contortus (50 - 80$ cover); occasionally wooded
grassland with Doum palms.

Soils:

complex of: (a) well drained, yellowish red to red
friable to firm clay of varying depths over coral
rock, (b) Ditto with a top soil of 20 - 40 cm of
dark reddish brown, friable, sandy clay loam to
sandy clay, (c) Rock outcrops.
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In places rock outcrops and soils of shallow depths
are related to NNW - SSE stretching depressions of
the mesotopography; in general there is however no ;
clear relationship between relief and soil depths.
Ad a:

the very deep soils (rock at more than 120cm depth)
among the first component do not differ from soils
as described under mapping unit PLrl. The shallow,
moderately deep and deep soils (rock within 40, 80
and 120cm respectively) have a clay texture right
from the surface downwards. A horizon: 5 - 10cm
of black (7-5 YR 2/l when moist) clay, friable consistence when moist, slightly sticky and plastic
when wet. Fine strong, subangular blocky structure.
Clear boundary towards EL. pH ranges between 6.2
and 6.8. Deficiencies according to Mehlig analysis:
$C:
CEB:
fo base sat:

Bl Horizon:

up to 30 - 40cm dark reddish brown to dark brown
(5 YR 4/4 - 7.5 YR 3/4.when moist) clay, medium,
weak, angular blocky structure. Consistence is
friable to firm when moist, sticky and plastic
when wet. pH ranges between 6»4 and 7.0.
CEC:
% base saturation:

B2 Horizon:

depth is laterally strongly variable. Dark red to
yellowish red (5 - 2.5 YR 4/8 - 4/6 when moist) clay.
Structure is medium, weak, angular blocky or moderately coherent, porous massive. Consistence is firm
or friable to firm when moist, sticky and plastic
when wet. Boundary with bedrock is abrupt and
irregular. pH ranges between 6«4 and 6.7 and rises
increasing depth to 7.0 - 7.5 near bedrock.
CEC:
fo base saturation:

Ad b:

apart from the frequentoccurrence of rock within
120cm depth, are the soils of the second component
comparable to those of unit PLr2. The texture of the
A and Bl horizons contain here however more fines:
they are sandy clay loams and sandy clays rather than
sandy clay loams respectively.

Classification:

Chromic LUVISOL, in places petrocalcic phase.

Remarks:

Profile descriptions 3 and 4 and analytical data, are
given in appendix 3 f as examples. Areas with frequent rock outcrops and/or very shallow soils have a
restricted rooting space and hence a limited moisture
reserve during the dry season. Otherwise the soils
of this unit are among the best of the scheme, especially for annual crops. Mechanical cultivation will
be possible only locally.

PA Soils developed on lagoonal deposits and beach ridges
MAPPING UNIT PAb
Surface Area:
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Parent Material:

sandy beach deposits.

Relief:

very gently undulating mesotopography, occasionally
long stretching ridges.

Vegetation:

forest, woodland thicket and wooded bushed grassland with mainly Digitaria diagonalis and Panicum
maximum (20 - l+Ofo cover).

Soils:

somewhat excessively drained, very deep, yellowish
brown to pale brown, very friable (in places compact),
loamy sand to sand.

A Horizon:

15cm of very dark greyish brown to dark brown (7«5 10 YR 3/2 - 3/3 when moist) loamy sand to sand with
weak, medium, subangular blocky structure. Consistence is loose to very friable when moist, non sticky
and non plastic when wet. Boundary to Bl is clear
and gradual. pH ranges from 6.Ö to 7.0. Deficiencies
according to Mehlig analysis:
CEC:
% base saturation:

Bl Horizon:

up to 50 - 100cm of dark greyish brown to dark
yellowish brown (7.5 - 10 YR 4/2 - 4/4 when moist)
loamy sand to sand. Structure is porous massive,
weakly coherent, to very weak, subangular blocky.
Consistence is loose to very friable when moist, and
non sticky and non plastic when wet. In places the
consistence may be compact when dry. pH ranges from
6.2 to 6.9.

B2 Horizon:

yellowish brown 0-0 YR 5/4 when moist ) loamy sand to
sandy loam. Consistence is very friable when moist,
and non sticky and non plastic when wet. In places
faint mottling at more than 100cm depth. pH ranges
from 6.0 to 6«6«

Classification :

cambic ARENOSOL, see chapter 2.3

Remarks :

these soils have a very low moisture storage capacity.
Only deeply rooting perennials may be considered
for cultivation (cashew nut).

MAPPING UNIT PAgl
Surface Area:
Parent Material:

sandy lagoonal and beach deposits«

Relief ;

irregularly gently undulating mesorelief with
frequent subcircular depressions, featuring as
seasonal or permanent ponds. The irregularity is
partly due to warthog and elephant activities.

Vegetation:

clusters of bush thicket and forest remnants among
wooded bushed grassland. Dominant grasses are
Di^itaria diagonalis and Dactyloctaenium sp (20 cover).
Contd./l3...
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Soils:

moderately well to poorly drained, very deep
yellowish brown to pale brown, mottled, loose to very
friable, sandy loam to loamy sand, in places with
sandy clay loam to clay, deeper subsoil.

A Horizon:

10 - 15cm of black to very dark greyish brown (7.5 10 YR 2/l - 3/3 when moist) sand to loamy sand.
Consistence is loose to very friable when moist, and
non sticky and non plastic when wet„ Structure is
weak, fine, subangular blocky. Boundary with Bl
horizon is clear. pH ranges from 6.3 to 6.4«
Deficiencies according to Mehlig analysis :
CEC;
jase sat :
5fc:

E/61 Horizon:

up to 70 - 100cm of pale brown to dark brown (10 YR
6/3 - 4/3 when moist) faintly mottled sand to loamy
sand. Structure is weakly coherent, porous massive.
Consistence is loose to very friable when moist, and
non sticky and non plastic when wet. pH ranges from
6.2 to 6.8.
CEC:
°/obase sat:

B2 Horizon:

pale brown to dark brown (10 YR 6/3 - 10 YR 4/3 when
moist) faintly to distinctly mottled sand to loamy
sand. Structure is weakly coherent, porous massive
to very weak, medium, subangular blocky. Consistence
is very friable to loose when moist and non sticky
and non plastic when wet, pH ranges from 6.0 to 6.7.
CEC :
fo base sat :
In places occurs a grey to dark greyish brown (10 YR
6/4 ~ 6/2) distinctly to prominently mottled clay
horizon with friable to firm consistence when moist.

Classification :

cambic ARENOSOL and dystric PLANOSOL see chapter 2.3

Inclusions :

gradual irregular transitions to higher well drained
soils of unit PAb, on the one hand; and to soils of unit
PAg2 (see below) with impervious clay at shallower
depth, on the other hand.

Remarks :

drainage and texture form rather unfavourable conditions for cultivation (lack of oxygen for roots
during growing season; no moisture reserve after
rainy season). Also the rather strong variations in
drainage conditions over short distances are an
unfavourable situation. These soils may be conditionally suitable for horticultural crops. A profile
description with analytical data appears in appendix

3.
MAPPING UNIT PAg2
Surface Area:
Parent Material:

lagoonal sediments; shallow sandy deposits over clay
deposits.
Contd./l4»,,
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Relief :

gently undulating mesorelief; subcircular depressions, seasonal and permanent ponds.

Vegetation:

wooded grassland with clusters of bush thicket and
grassland glades. Dominant grasses are Hyparrhenia
cymbaria, Digitaria diagonalis and Brachiaria sp.

Soils :

moderately well to poorly drained, 30 - 50cm of
dark brown to brown, in places mottled, very friable,
loamy sand to sand, over imperfectly to poorly
drained, yellowish brown to greyish brown, mottled,
firm to very firm, clay to sandy clay.

A Horizon:

5 - 15cm of dark brown to black (10 YR 3/3 - 2/l when
moist) loamy sand to sandy loam. Structure is inedium,
weak, subangular blocky. Consistence is very friable
to loose when moist, non sticky and non plastic when
wet. Boundary to E/Bl is clear and gradual. pH
ranges from 5.9 to 6«8. Deficiencies according to
Mehlig analysis:
vbC:
CEC:
% base sat :

EZEL Horizon;

up to 30 - 50cm greyish brown to dark brown (7.5 10 YR 6/2 - A/3 when moist) in places faintly mottled,
loamy sand to sand. Structure is porous massive,
weakly coherent. Consistence is loose to very friable
when moist. Concretions are not present. Boundary
to B2 horizon is clear to gradual. pH ranges from
6.0 to 6.8,
CEC :
% base sat :

B2 Horizon:

yellowish brown to greyish brown (10 YR 5/4 - 5/2
when moist) distinctly mottled clay to sandy clay.
Structure is weak, angular blocky. Consistence is
firm to very firm when moist. Manganese concretions
are occasionally present. pH rauhes from 5.8 to 6.7
CEC:
% base sat:

Classification:

dystric PLANOSOLj see chapter 2.3

Inclusions :

gradual irregular transitions to units PAgl on the
one hand, and PAg3 on the other hand.

Remarks :

the unfavourable conditions, mentioned under unit
PAgl are present also in this unit. Moreover the
strong change in texture at 30 - 50cm will interfere
with root development.

MAPPING UNIT PAg3
Surface Area:
Parent Material:

lagoonal clay deposits,

Relief :

very gently undulating mesotopography with seasonal
or permanent ponds.
Contd./l5..•
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Vegetation:

wooded grassland of Doum palms over Hyparrhenia
cymbaria, Heteropogon contortis and Andropogon sp.
and Digitaria diagonalis. Clusters of wooded bushland 'thicket are present.

Soils:

imperfectly to poorly drained, very deep, yellowish
brown to light olive brown, mottled, very firm to
firm clay.

A Horizon:

10 - 15cm of black to very dark greyish brown (10
YE 2/l - 3/2 when moist) clay to sandy clay. Structure is strong, subangular blocky. Consistence is
friable to firm when moist, slightly sticky and
plastic when wet. Boundary with Bl is clear. pH
ranges from 5.S to 6.3. Deficiencies acoording to
Mehlig analysis:

EL Horizon:

up to 50cm of yellowish brown (lO YE 5/4 when moist)
in places faintly mottled clay. Structure is
moderate, angular blocky. Consistence is firm to
very firm when moist, sticky and very plastic when
wet. Concretions are not found. pH ranges from
6-3 to 6.5« No salinity.

B2 Horizon:

yellowish brown to light olive brown (10 YR 5/4 2.5 YE 5/4 when moist) distinctly mottled clay.
Structure is weak, angular blocky. Consistence is
very firm to firm when moist, sticky and very plastic
when wet. Concretions are not found. pH ranges from
5.9 to 7.5, generally between 6«3 and 6.7« The soil
is non calcareous and non saline.

Classification :

gleyic LUVISOLS

Inclusions :

1. some depressions harbour saline soils.
2» towards the north the soils merge gradually into
the well drained clays of unit PL1.

Remarks :

the workability of these soils may pose problems;
sticky and plastic in the wet season and probably
hard in the dry season. Drainage cnnditons are to
some extent adverse.

MAPPING UNIT PAgs
Surface Area:
Parent Material: lagoonal clay deposits
Relief :

very gently undulating mesotopography, with seasonal
or permanent ponds.

Contd./l6...
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Vegetation:

wooded bushed grassland and bushed grassland.
The woody vegetation, together with that of units
PAC2 and PJs, is markedly different from that of all
the other units. In contrast to these other units
the following species are common. Adansonia digitata,
Terminalia spinosa, Mahogany, Acacia zanzibarica and
Ormocarpum kirkii. Most frequent grass species are
in this unit: Hyparrhenia sp., Andropogon sp., and
Digitaria diagonalis.

Soils

imperfectly to poorly drained, very deep, grey to
light olive brown, mottled, very firm, calcareous,
saline clay, in places with approximately a 15cm
deep sandy clay loam to sandy loam topsoil.

A Horizon;

10 - 5cin of black to dark greyish brown (10 YR 4/2 2/l when moist) clay, vri-th a strong, subangular blocky
structure. Consistence is hard when dry, firm when
moist, sticky and very plastic when wet, pH ranges
from 6.5 to 7.0
or: 10 - 15cm of very dark grey to grey (10 YR 5/l 3/1 when moist) sandy clay loam to sandy loam, with
a friable consistence when moist. This horizon has
an abrupt transition to the EL horizon. pH ranges
from 6«4 to 6.3.

EL Horizon:

up to 50cm of dark yellowish brown to olive brown
(10 YR 5/4 - 2.5 YR 3/2 when moist) faintly mottled
clay, that is very hard when dry, very firm when moist,
sticky and very plastic when wet. Structure is strong
to moderate, angular blocky. Calcium carbonate
concretions are occasionally present. The soils are
commonly saline at this depth. pH ranges from 6.9 to
7.8.

B2 Horizon:

grey to light olive brown (10 YR 5/l - 2.5 YR 5/4
when moist) faintly mottled clay, with consistence
that is very hard when dry, extra firm when moist,
very sticky and very plastic when wet. The soil
contains calcium carbonate concretions and occasionally manganese concretions. The soil is saline
throughout (l:2-§- susp. : over 2 . 0 0 0 M M H O ) . pH ranges
/
from 7.5 to 3.0*"

Classification :

gleyic SOLONCHAK (and solodic PLANOSOL?)

Inclusions :

locally the soils are non saline, or saline only in
the deeper subsoil.

Remarks :

heavy texture, salinity and abrupt textural change
are adverse conditions for most crop cultivation.

MAPPING UNIT PAC1
Surface Area:
Parent Material: lagoonal sediments; sandy deposits over clay deposits.
Contd,/l7..•
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Relief :

very gently undulating mesorelief, seasonal ponds.

Vegetation:

forest remnants, patches of wooded bushland thicket,
wooded grassland and grassland glades» Dominant
grasses are Hyparrhenia cymbaria, Digitaria diagonalis
and Heteropogon contortus. Where the soils are very
poorly drained (seasonal ponds) Digitaria diagonalis
and Dactyloctaenium sp. dominate.

Soils :

complex of: (a) soils of unit PAgl but with sandy
clay deeper subsoil, (b) soils of unit PAg2.
Relationship with relief is not clear.
Ad a:

these soils are comparable to those of unit PAgl.
Around 70cm depth occurs the texture "jump"; clear
to gradual change from loamy sand to a distinctly
mottled, friable to firm, sandy clay, often with
manganese concretions. This type of soil is the
most common in this unit. Profile 6 (appendix 3)
is an example.

Ad b:

another common soil type within this complex unit
is a similar soil, where the upper boundary of the
impervious clay horizon is at a depth of 30 - 50cm.
The texture of the A and EZEL horizon is often sand
with loose consistence. Especially seasonally ponded
grassland glades with Digitaria diagonalis and
Dactyloctaenium sp. have this kind of soil.

Classification:

dystric PLANOSOL

Inclusions :

an amount of rather varied soils occur within this
complex unit. Towards the north soils of unit PLr3
are observed, and towards the North East, along the
Kipini road, soils as of unit PAg2 occur, that are
well drained. Occasionally, throughout the unit,
soils of unit PAg3 are found.

Remarks:

as for units PAgl and PAg2.

MAPPING UNIT PAC2
Surface Area:
Parent Material:

lagoonal deposits and beach deposits.

Relief :

very gently undulating mesorelief with shallow ridges
and seasonally ponded depressions.

Vegetation:

wooded grassland with clusters of bush thicket and
grassland glades. The vegetation of this unit forms
a transition between the vegetation of units PAC1
and PAgs.
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Soils:

Complex of: (a) soils of unit PAgs, but non saline,
(b) soils of unit PAg2. The "sand over clay" soils
of unit PAg2 are only in some areas related to seasonally ponded depressions. Otherwise a clear relationship between soil pattern and relief can not be
established. This complex forms a transitional area
between units PAC1 and PAgs.
Ad a:

a large part of the observations reveal soils that
are similar to those of unit PAgs., but are non saline
or only slightly saline in the deeper subsoil. They
are in places calcareous. pH of the topsoils is
5.5 - 6.5, of the EL horizon 6.5 - 7.0, and of the
B2 horizon 6.8 - 7.8.

Ad b:

"sand over clay" soils, with impeded drainage, are
the second important type within this unit. They do
not differ fromthose described under mapping unit
PAg2.

Classification:

gleyic LUVISOL and dystric PLANOSOL

Inclusions:

locally saline soils are found.

Remarks:

as for units PAg3 and PAg2.

PJ Soils developed on lagoonal deposits
MAPPING UNIT PJs
Surface Area:
Parent Material:

lagoonal clay deposits

Relief :

almost flat mesorelief

Vegetation:

bushed grassland of Acacia zanzibarica and Ormocarpum
kirkii (3 - 10% cover) over Dactyloctaenium sp.
and others (20 - 30% cover).

Soils :

imperfectly to poorly drained, very deep, olive grey
to light olive brown, mottled, very firm, strongly
saline clay, with calcareous deeper subsoil and a
sandy loam topsoil.

A Horizon:

5 - 20cm of dark brown to very dark grey (10 YR 3/3 10 YR 4/l when moist) sandy loam. Consistence is
very friable when moist. The boundary with Bl
horizon is clear to abrupt. pH ranges from 5.7 to 7.4
These topsoils are locally saline.

Bl Horizon:

up to 30 - 60cm of light olive brown (2.5 YR 5/4 when
moist) faintly mottled clay, that is extra hard when
dry, firm when moist, very sticky and very plastic
when wet. Structure is strong, angular blocky.
In places calcium concretions are present. pH
ranges from 7.0 to 7.5« Soils are at this depth in
places saline.
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B2 Horizon:

olive grey (5 YR 5/2 when moist) distinctly mottled
clay to sandy clay. Consistence is very firm when
moist, very sticky and very plastic when wet.
Calcium concretions are present throughout. pH
ranges from 6*4 to 8.2. At this depth the soils are
strongly saline throughout.

Classification :

gleyic SOLONCHAK / solodic PLANOSOL?

Remarks :

the salinity, very firm consistence and impeded
drainage of the soils are important adverse conditions for crop cultivation.

A FLOODPLAIN
AA Soils developed on alluvial deposits
MAPPING UNIT AAs .
Surface area:
Parent Material: riverine clay deposits.
Relief:

almost flat.

Vegetation:

grassland of sedges and swamp vegetation, in places
with scattered bush.

Soils :

(approximately 90$ of this unit was flooded during
the survey period.. Only three observations were made
on dry, and therefore perhaps non representative sites.
Hence the information below may not be reliable).
Seasonally flooded, very deep, dark grey to olive grey
mottled, firm, calcareous, strongly saline, cracking
clay. These soils have little horizon differentiation.
Dark grey to olive grey (5Y 4/6 - 4/2 when moist) from
20cm downwards distinctly mottled clay. In most
places these soils show cracks at the surface. Consistence is very hard when dry, very firm when moist
very sticky and very plastic when t^et. Structure is
strong, angular blocky (observed in topsoil only).
pH ranges from 8.0 in the top to 7.0 in the subsoil.
The soils are slightly saline in the topsoil and
strongly saline in the subsoil.

Classification :

gleyic SOLONCHAK / mollic GLEYSOL

Remarks :

Wokabi et al., 1976 report on similar soils o<£ the
Tana delta floodplain the possible development of
cat clays upon drying, i.e. extreme acid conditions
in the subsoil. Salinity, and very poor drainage
make these soils unsuitable for crop cultivation.

Soil classification and genesis aspects
As classification system the legend of the FAO-UNESCO "soil map
of the world" has been used, together with the adaptations as proposed
by the Kenya Soil Survey, see van de Weg and Mbuvi, 1975o
Contd./20...
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The soils of the survey area are for the greater part represented
by two major calssification units: FERRAL * LUVTSOLS and PLANOSOLS.
LUVTSOLS show a clay bulge in the textural profile. This
argillic B horizon is well developed in all soils over coral rock,
but to various extents. The very deep soils show moreover at greater
depths properties of an oxic horizon (which is diagnostic for FERRALSOLS).
This suggests that the argillic B horizon has developed in relatively
recent times in a pre-existing (paleo) FERRALSOL, dating from Pleistocene humid tropical conditions. This kind of situation is known from
Pleistocene landforms elsewhere in Kenya.
Normal here is the FERRAL* -chromic LUVTSOL. In unit PLr3 which
is of sandier texture often an albic E horizon is found. Here the
term FERRAL* -albic LUVTSOL may be appropriate.
PLANOSOLS are characterised by a slowly permeable horizon that
causes stagnation of v/ater during some time of the year. In the present
case this situation is found on the units PAgl, -2, PAC1 and parts
of PAC2 and PAgs. It concerns the "sand over clay" soils. Whether
this textural difference is a question of initial stratification is
not clear. The boundary between sandy and clay horizons is not abrupt.
The sandy Albic horizon shows signs of waterlogging and is low in
base saturation, the PIANOSOLS belong to the dystric sub-group. Unit
PJs shows high ESP figures: solodic PLANOSOLS, and are of the saline
phase.
Another widely represented classification unit are the ARENOSOLS:
units PAb and PAgl. These are soils, characterized by a coarse texture
(less than 18$ clay, more than 65$ sand). They belong to the cambic
sub-group. The ARENOSOLS of unit PAgl show also hydromorphic properties*
SOLONCHAKS are defined by high salinity. This occurs in the soils
that probably are influenced by Tana floodplain and/or brackish
estuarine water: units PAgs and AAs. These show hydromorphic properties
and are of the gleyic sub-group.

Interpretation of survey data
The Kenya Soil Survey has adopted an approach to land evaluation,
that follows the proposals of the FAO (1973). This approach is
extensively dealt with in Van de Weg and Mbuvi, 1975. The basic concepts are summarized below:
-

land can be evaluated only in view of a certain land utilisation type.

-

the suitability of a tract of land for a certain landutilisation type is expressed in suitability classes:
1. suitable

1.1
1.2
1.3

highly suitable
moderat ely suit able
marginally suitable

2. conditionally suitable
3. unsuitable
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-

-

the combination of landqualities that prevail in a tract
of land leads to the choice of a suitability class for a
particular landutilisation type.
these landqualities act as diagnostic criteria. They can
be rated and quantified. Most consist of two or more
"land-characteristics".

In the Settlement Scheme no use of the land is made so far.
Smallholders rainfed arable farming, intermediate technology, has been
chosen as the most likely landutilisation type to develop.
Landqualities taken into account are listed below:
LANDQUÄLITY:

LAND CHARACTERISTICS:

1.

Climate

Ecological zone

Soil moisture storage capacity

Productive available moisture
storage. Profile hindrance
to root development.

Chemical soil fertility

CoE.C. of the top soil.
Available nutrients of the
top soil

Resistance to erosion

Slope length and steepness;
susceptibility to sealing
of the top soil; climate.

2i

3.

4.

Drainage class.
5.

Hazard of waterlogging

6.
7.

Salinity/sodicity
Possibilities for cultivation

8.

Hazard of flooding and ponding

9.

Hindrance by vegetation

ECe; ESP of top and sub
soil.
Slope class; "width of
field51; rockiness; workability of the top soil.
Density of woody vegetation
to be cleared.

Land characteristics as found in each mapping unit are rated,
the combined rating being the final one for the landqualities of each
mapping unit. (For more details see Proposals for rating of landqualities, stencil no S472, Kenya Soil Survey internal communication
no 7 ) .
See the table on the following page for the rating of landqualities
of the mapping units. The scale runs from 1, expressing good or
favourable conditions, to 5, very poor or adverse conditions.
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PLr2

a
IVa
IVa

b
2
2

c
2
2

d
1
1

e
1
1

PLr3

IVa

3

PLCa

IVa

3
3

1
1

PLCb

IVa

1

1
2

1
1
1

1
1
2

1

2

2

PAb

IVa
IVa

1
1

1
1

PAg2

2

PAgs

IVa

1
1
1

PACla

IVa
IVa

PAC2a

IVa

4
4
4

1

PAClb

3
4- 5
4
4

2
2

1
1
2

1
2
2

PAg3

IVa
IVa

4
4
4

1

PAgl

4
4- 5
4

1
1

PAC2b

IVa

2

1

PJs

IVa

1

2
2

AAs

IVa

1

2

PLrl

3
3

f
2

1
1
2

g
1
1
1

h

i

1
1
1

4

1
1
1

1
1
1
1
1

2

3

3

1

1

2

1

1
1
2

2
2

3
4

3
4

1
1
1
1

2

3
3
3
3
3
3
3
3
3-4
4

1
1 + 3
1 -r 3
1+ 3
1+ 3

j
1
1
3
1
1

5
3
3

1
1
1 + 4 1+ 5
1 + 4 1+ 5
1 + 4 3

k
1
1
1
1
1
1".
1
1
1
1
1
1

3

1 + 4
2

1
2

1
1

5

1

1

A short account of each landquality considered will 1
be given here:
a b -

c -

d e f -

g -

h -

Ecological zone: zone IVa for all mapping units
Soil moisture storage capacity; fairly good to moderate in the
red soils over coral rock; poor to very poor in the sand over
clay soils, due to the coarse texture of the top soil and the
hindrance to root development caused by the "jump" in texture.
The clay soils have a good moisture storage,
Chemical fertility; fairly good to moderate in the red soils,
strong deficiencies of nutrients do not occur. In the "sand
over clay" soils this quality is poor, generally in connection
with the coarse texture. Deficiencies occur and depletion of
nutrients is foreseen in the near future. The imperfectly to
poor drained clay soils have a fairly good chemical fertility,
Salinity/sodicity: the imperfectly to poorly drained clay
soils show salinity in the sub-soil,
Erosion : all landcharacteristics that are of relevance to
erosion lead to a favourable rating in all mapping units.
Possibilities for cultivation by hand; largely determined by the
texture and consistence of the top soil: the sticky and plastic
clay soils, when wet, will require more effort when working by
hoe than top soils with more sandy textures.
Possibilities for cultivation by mechanisation; presence of rock
outcrops in unit PLC is a strong constraint to the use of machinery
there. Elsewhere the "width of field" may pose restrictions to
this form of cultivation,
Hazard of waterlogging: no problem in all red soils; problematic
in all soils of the lagoonal and alluvial deposits (PAg and AA
units).
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i -

Flooding hazard; ponding occurs in parts of all soils over
lagoonal deposits (PAg units). Flooding occurs tvdce yearly
over the whole of unit AAs.
j - Clearance of vegetation: areas with wooded bushland thicket
will require high costs for clearance, prior to cultivation. In
view of marginal quality of most of the soils under these thickets,
clearance is not relevant. Thicket over soils of better quality
(unit PLr3) may be considered for clearance, unless the quality
of these soils is verified in more detail.
k - Overutjiisation: no signs of "overgrazing" have been observed.
However, the vegetation on the units that are non suitable for
agriculture (AAs, PJs, PAgs) may as well be sensitive to "overgrazing".
The combination of these landquality ratings defines the level of
landsuitability class for a particular landutilisation type.
See "conversion tables for landsuitability rating", KSS stencil
no S505, 1978, for more details of this procedure.
Below, the suitability classes of each mapping unit has been
listed for:
A - smallholders rainfed mixed farming with cashew nuts, intermediate technology;
B - smallholders rainfed mixed farming with coconuts, intermediate
technology;
C - for cashew nuts separately:
D - for maize (coast composite), intermediate technology;
E - for sugarcane "outgrowers";
See de Jong, 1977 for a description of these landutilization
types as they exist in the Kwale area.
A

B

C

D

E

1,2

1,1

1,1

1,3

PLr2

1,1
1,1

1,2

1,1

1,1

1,3

PLr3

1,2

1,2

1,1

1,2

1,3

PLCa

1,2?

1,2?

1,1?

1,3?

1,3

1,1

1,2

1,1

1,1

1,3

PAb

1,3

1,3

1,1

1,3

3

PAgl

1,3

1,3

1,3

1,3

3

PAg2

1,3

1,3

1,3

3

PAg3

1,3

1,3

1,3

1,3
1,2

1,3

PAgs

1,3?

1,3?

1,3?

3

1,3

PACla

1,3

1,3

1,3

1,3

3

b

1,3

1,3

1,3

1,3

3

PAC2a

i;3

1,3

1,3

1,3

3

b

1,3

1,3

1,3

1,2

1,3

PJs

3

3

3

3

3

AAs

3

3

3

3

3

PLrl

b
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APPENDIX 3; PROFILE DESCRIPTIONS AND ANALYTICAL DATA.

Profile No:
Mapping Unit:
Observation :
Location :
Ecological zone:
Parent material:
Physiography:
Relief :
Vegetation:
Land Use:
Erosion :
Surface stoniness/rockiness;
Flooding :
Groundwater level:
Slope gradient :
Salinity/sodicity:
Surface sealing:
Surface cracking:
Drainage class :
Soil Classification:
A 0 - 15cm

1
PLr2
264 (179/4-48).
64.80E; 33.50N.
IVa,
Coral rock»
Coastal plain.
Flat, very gently undulating mesorelief.
wooded grassland of Dourn palms over
Hyparrhenia cymbaria.
Nil.
nil.
Nil.
Nil.
0-1$
Nil.
Nil.
Nil.
Well drained.
FERRAL* - chromic LUVISOL

very dark brown (7.5 YR 4/l dry, 7.5 YR 2.5/1
moist); sandy loam; moderate, medium, subangular
blocky.structure; slightly hard when dry, friable
when moist, non sticky and non plastic when wet;
many, very fine pores; common, fine roots; clear
and wavy boundary to:
Sample No: 264A

Bl.t 15-37cm

dark reddish brown (5YR 3/4 dry, 5YR 3/3 moist);
sandy clay to clay; moderate, coarse angular
blocky structure; hard when dry, friable when
moist, sticky and plastic when wet; abundant,
moderate clay skins; many very fine pores; few
fine and common roots; gradual and wavy boundary
to:
Sample No: 264B

B2.1.t 37-60cm

dark red (3YR 3/6 moist only); clay; weak,
coarse, angular blocky structure; friable to
firm when moist, sticky and plastic when wet;
abundant, moderate clay skins; many, very fine
pores; few, fine and few, coarse roots; diffuse
and wavy boundary to:
Sample No: 264C

B2.2 60-120+cm

dark yellowish red (4YR 3/8 moist only); sandy
clay; angular blocky to moderately coherent,
porous massive structure; friable when moist,
sticky and plastic when wet; abundant, weak to
moderate, clay skins; many, very fine pores;
few, fine and few coarse roots.
Sample No: 264D
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Profile no:
Mapping Unit :
Observation :
Location :
Ecological zone:
Parent material:
Physiography:
Relief :
Vegetation:
Land use:
Erosion :
Surface stoniness/rockiness:
Flooding :
Groundwater level:
Slope gradient :
Salinit y/sodicit y :
Surface sealing:
Surface cracking:
Drainage class:
Soil classification:
Al 0 - 10cm

2
PLr3
292 (179/4-49)
63.95E; 34.75N.
I7a
Coral rock and lagoonal sandy deposits.
Pleistocene marine terrace/coastal plain.
Almost flat macrorelief; very gently
undulating mesorelief.
wooded bushed grassland; Doum palms;
secondary forest remnants and Hyparrhenia cymbaria.
Nil.
Nil.
Nil.
Nil.
75cm.
0$
Nil.
Nil.
Nil.
Well flrained.
FERRAL* - chromic LUVISOL

very dark brown (9YR 4/4.5 dry, 9YB 2/1.5 moist);
loamy sand; moderate, medium, subangular blocky
structure; loose to slightly hard when dry, very
friable when moist, non sticky and non plastic
when wet; many, very fine pores; common, fine
and few, coarse roots; clear and wavy boundary
to:
Sample No: 292A

A2 10 - 30cm

dark brown (7.5YR 3.5/3, dry, 7.5YR 3/3 moist);
loamy sand; moderate to weak, coarse, angular
blocky structure; slightly hard when dry, very
friable when moist, non sticky and non plastic
when wet; few, thin clay skins; many, very fine
pores; common, fine and few, coarse roots; clear
and wavy boundary to:
Sample No: 2923

Bl 30 -

éPcm

dark reddish brown (5ÏR 3/3 moist only); sandy
clay loam to sandy loam; weak, coarse, angular
blocky structure; friable when moist, non sticky
and slightly plastic when wet, abundant, moderate
clay skins; many, very fine pores; common, fine
and common, coarse roots; gradual and wavy
boundary to :
Sample No: 292C

B2.1 60 - 100cm

yellowish red (4YÜ 3.5/6 moist only); sandy clay;
moderately coherent, poreus massive structure;
friable when moist, sticky and plastic when wet;
abundant, moderate clay skins; common to many,
very fine pores; common, fine and few, coarse
roots; diffuse and wavy bourndary to:
Sample No: 292D
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B2.2 100 - 150+cm

red (3YJR. 4/6 moist only); sandy clay loam;
moderately coherent, porous massive structure;
friable when moist, sticky and slightly plastic
when wet; abundant, weak clay skins; many, very
fine pores; common fine and few, coarse roots :
Sample No: 292E

Profile No:
Mapping unit:
Observation :
Location :
Ecological zone:
Parent Material:
Physiography:
Relief :
Vegetation :
Land use:
Erosion :
Surface stoniness/rockiness:
Flooding :
Groundwater level:
Slope gradient:
Salinity/sodicity:
Surface sealing:
Surface cracking:
Drainage class:
Soil classification:
Al 0 - 5cm

3
PLC
512*(179/4 - 50)
63.80E; 32.90N.
IVa.
Coral rocko
Coastal plain/pleistocene marine terrace.
Almost flat macrotopography - very
gently undulating mesotopography.
Grassland of Hyparrhenia cymbaria and
Heteropogon contortus.
Semi-nomadic grazing.
Nil.
In places common rock outcrops»
Nil.
0$
Nil.
Nil.
Nil.
Well drained.
chromic LUVTSOL, petrocalcic phase.

black (7.5YR 2/0 moist only); sandy clay loam
to clay; moderate to strong, medium, subangular
blocky structure; friable when moist, slightly
sticky and slightly plastic when wet; many,
very fine pores; many, fine roots; clear and
wavy boundary to :
Sample No: 512A

EL 5 - 20cm

dark reddish brown (5¥R 5/3«5 moist only); clay
loam; weak to moderate, medium, angular blocky
structure; friable when moist, slightly sticky
and slightly plastic when wet; few, weak clay
skins; many, very fine pores; many, fine roots;
gradual and wavy boundary to:
Sample No: 512B

B2 20 - 35cm

dark reddish brown (6YR 3/3 moist only); clay
loam to clay; moderate, medium, angular blocky
structure; friable when moist, slightly sticky
and plastic when wet; abundant, moderate clay
skins; many, very fine pores; common, fine roots;
gradual and wavy boundary to:
Sample No: 512C
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B3 35 - 75cm

yellowish red (4YR 4/# moist only); clay
weak, coarse, angular blocky structure; friable
when moist, slightly sticky and plastic when
wèt; few, weak clay skins; many very fine pores;
common, fine and few, coarse roots; abrupt and
irregular boundary to:
Sample No: 5L2D

R 75+

coral rock, with petrocalcic capping.

Profile No:
Mapping unit :
Observation :
Location:
Ecological zone:
Parent material:
Physiography:
Relief;
Vegetation:

Land use:
Erosion :
Surface stoniness/rockiness :
Flooding :
Groundwater level:
Slope gradient :
Salinity/sodicity:
Surface sealing:
Surface cracking:
Drainage class:
Soil calssification:
Al 0 - 15cm

4
PLC
226*(179/4-51).
63.00E; 33.00N.
IVa
coral rock.
Coastal plain/pleistocene marine terrace.
Flat macrotopography - very gently
undulating mesotopography.
Wooded grassland of Doum palms over
Hyparrhenia cymbaria and Heteropogon
contortus.
semi-nomadic grazing.
nil.
nil.
nil.
0#.
nil.
nil.
nil.
well drained,
FERRAL* - chromic LUVISOL.

very dark grey (7.5YR 2.5/1 moist only); sandy
loam; moderate to strong, fine to medium, subangular blocky structure; friable when moist;
non sticky and non plastic when wet; many, very
fine to fine pores; common, very fine roots;
clear and wavy boundary to:
Sample No: 226A

A2 15 - 40cm

dark brown (7YR 3/4 moist only); sandy clay loam
to sandy loam; weak, medium, angular blocky
structure; friable when moist, non sticky and
slightly plastic when wet; few, weak clay skins;
many, very fine pores; common, very fine and few,
medium roots; gradual and wavy boundary to:
Sample No: 226B

Bl.t 40 - 50cm

dark brown (7o5YR 3/3 moist only); sandy clay;
weak, coarse, angular blocky structure; friable
to firm when moist, sticky and plastic when wet;
abundant, weak to moderate clay skins; many,
micro to very fine pores; common, fine and medium
roots; gradual and wavy boundary to:
Sample No: 226C
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B2.1.t 50 - SOcm

reddish brown (6YR 4/5 moist only); sandy clay
to clay; structureless to weak, coarse, angular
blocky structure; friable to firm when moist,
sticky and plastic when wet; abundant, moderate
clay skins; many, micro to very fine pores; few,
fine and few, medium roots; gradual and wavy
boundary to:
Sample No: 226D

B2.2 80 - 120cm

yellowish red (5YR 4/3 moist only); sandy clay
to clay; porous massive to structureless, coarse,
angular blocky structure; friable to firm when
moist, sticky and plastic when wet; abundant,
moderate clay skins; many, micro and very fine
pores; few, fine and few, medium roots; abrupt
and irregular boundary to:
Sample No: 226E

R 120+cm

coral rock with petrocalcic capping.

Profile No:
Mapping Unit:
Observation :
Location :
Ecological zone:
Parent material:
Physiography:
Relief :
Vegetation:
Land use:
Erosion :
Surface stoniness/rockiness:
Flooding :
Groundwater levels
Slope gradient:
Salinity/sodicity:
Surface sealing:
Surface cracking:
Drainage class :
Soil classifications
Al 0 - 20cm

5
PAgl
510 (180/3-1)
68.40E; 34.90N.
I7a
sandy lagoonal deposits.
coastal plain.
almost flat macrorelief - very gently
undulating mesorelief.
wooded bushed grassland.
nil.
nil.
nil.
nil.
approx. 4»50m
1 - 2 $.
nil.
nil.
nil.
moderately well to imperfectly drained.
cambic ARENOSOL,

black (7.5YR 2/1 moist only); loamy sand; weak,
fine, subangular blocky structure; very friable
when moist, non sticky and non plastic when wet;
many, very fine pores; many, fine roots; clear
and smooth boundary to:
Sample No: 510A

E1/A3 20 - 40cm:

greyish brown (10YR 5/2.5 moist only); many,
small, faint, mottles; loamy sand to sand;
weakly coherent, porous massive structure;
slightly hard when dry, very friable when moist,
non sticky and non plastic when wet; many, very
fine pores; many to common, fine roots; gradual
and smooth boundary to:
Sample No: 510B
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E2/EL.l.g 40-70cm

light brownish grey (lOYR 6/2 moist only); many,
medium faint, reddish yellow (7.5YB 6/8) mottles;
loamy sand to sand; structureless to weak, fine,
angular blocky structure to moderately coherent,
porous massive structure; slightly hard when dry,
very friable when moist, non sticky and non
plastic when wet; many, very fine pores; common,
coarse and common, fine roots; gradual and
smooth boundary to:
Sample No: 510C

E3/EL.2.g 70-120cm

light grey (10¥R 7/2 moist only): common, fine,
faint, reddish yellow (7.5YR 6/8) mottles; sand;
weakly coherent, porous massive structure; soft
to loose when dry, loose when moist, non sticky
and non plastic when wet; many, very fine pores;
few, fine and few, coarse roots; gradual and
wavy boundary to:
Sample No: 510D

B.g.t 120-170cm

greyish brown (lOYE 5/2.5 moist only); many,
fine, distinct, yellowish red (5YÜ 5/8) mottles;
sandy clay loam to sandy clay; structureless to
weak, angular blocky structure; friable when moi3t,
slightly sticky and plastic when wet; few, weak
clay skins; many, very fine pores; common, coarse,
and few, fine roots:
Sample No: 510E

Profile No:
Mapping Unit :
Observation :
Location :
Ecological zone:
Parent material:
Physiography:
Relief:
Vegetation:

Land use:
Erosion :
Surface stoniness/rockiness!
Flooding :
Groundwater level:
Slope gradient :
Salinity/sodicity:
Surface sealing:
Surface cracking:
Drainage class:
Soil classification:

6
PAC1.
508 (179/4-52).
62.60E; 30.05N.
IVa
lagoonal sand and clay deposits.
coastal plain/pleistocene marine terrace.
flat macrotopography - very gently
undulating mesotopography.
wooded grassland of Doum palms over
Hyparrhenia cymbaria and Digitaria
diagonalis and clusters of secondary
forest remnants.
nil.
nil.
nil.
(ponding once in 5 years?)
approx. 3m.

0%
nil.
nil.
nil.
imperfectly drained.
dystric PLANOSOL

APPENDIX 3; Page 7s
Al O - 10cm

black (lOYR 2/l moist only); loamy sand; weak,
fine, subangular blocky structure; very friable
when moist, non sticky and non plastic when wet;
many, very fine pores, many, fine roots; clear
and smooth boundary to:
Sample No: 50$A

El 10 - 35cm

grey (lOYR 5/l moist only); sand to loamy sand;
strongly coherent, porous massive structure;
very friable when moist, non sticky and non
plastic when wet; many, very fine pores; common
to f ex*, fine roots; clear and smooth boundary
to:
Sample No: 503B

E2.g 35 - 70cm

yellowish brown (lOYR 5/4 moist only); many,
fine, faint, dark brown (7.5YR 3/4) and black
mottles; loamy sand; strongly coherent, porous
massive structure; very friable when moist,
non sticky and non plastic when wet; many, very
fine pores; 1$, softmanganese and iron concretions
4mm in size; common, fine and common, coarse roots;
gradual and wavy boundary to:
Sample No: 508C

B2.1.g 70 - 105cm

yellowish brown (10YE 5/6 mosit only); many,
coarse, faint, brownish yellow (lOYR 6/6) mottles;
sandy clay; structureless to weak, coarse,
angular blocky structure; friable to firm when
moist, sticky and plastic when wet; common,
weak cutans; common, fine pores; 1% manganese
concretions, 7mm in size; common, fine roots;
diffuse and wavy boundary to:
Sample No: 50ÖD

B2.2.g 105-150+cm

pale brown (lOYPt 6/3 moist only); many, coarse,
distinct, strong brown (7.5Y£ 5/7) and black
mottles; sandy clay loam; moderately coherent,
porous massive structure; friable when moist,
slightly sticky and plastic when wet; common,
weak clay skins; common, fine pores; ifo manganese
concretions, 10mm in size; common, fine roots:
Sample No: 508E
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