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Preface

This is a Preliminary Report of the Traihing Project in
Pedology (T.P.I.P.) at Kilifi (Kenya),of the Section in Tropical
Soil Science of the Agricultural University at Wageningen (the
Netherlands).It is the first of a new series to be presented to
Kenya Officials. '

The Training Project in Pedology was started in 1972 in the
Kisii area.The soil studies in that area resulted in the publi -
cation of mapsheet 130 (mapsheet Kisii) of the s0il map of Kenya,
scale 1:100,000 and a report on its soils,with chapters on geo ~
logy,vegetation,agriculture and land evaluation (in print).Some
30 preliminary reports on varying subjects were issued or are inv
preparation. |

In 1979 the project was transferred to the Kilifi area at
Kenya's Coastyand project activities started in September.Also
this project has as its major aim the production of a mapsheet
(Kilifi) on scale 1:100,000 in the frame of the Soil Map of Kenya
in cooperétion with the Soil Survey of Kenya (Ministry of Agri -
culture).There are also links with the faculty of Agriculture of
the University of Nairobi. ’

The project is meant for training of postgraduate students
of the agricultural University at Wageningen and for furnishing
research opportunities of the staff.The activities of students and
staff are directed to obtain a better knowledge of the soils,
and the agricultural conditions of the project areato provide a
basis for further agricultural development of the area.

The project at Kilifi is eonducted by:
DR. IR T, de Meester (Principal)

Teaching and research

ING. H. W. Boxem (Manager)
Management and teaching
Visiting specialists from the Agricultural University at
Wageningen help to resolve special problems.
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This report is the result of a preliminary Soil Survey of
the entire Kilifi area.The text was written by Messrs. J. Floor,
Re Onck, E, Smaling, Je van der Lek and J. Reitsma.It was edited
and compiled by Mr., R. Onck, who did also most of the cartographic
works end the typing of the final manuscript.

Special acknowledgement should be made of the kind help and
cooperation received from the D.C,,Mr. Omuse and the D.A.,0, ,

Mr. Were of the Kilifi District.The Director Mr. Muchena and his
staff of the Kenya Soil Survey, Mr. P.Ocsterom Of WOTRO, and
Dr. R, Cannon (geologist) helped very much by introducing us to
the soils,geomorphology and geology of the area.

We hope to return with these reports a small part of the
great debt we owe Kenya in general and to many Kenyans in parti-
cular for their valuable contributions to the project.

the supervisor of the project,

J «.Bennema

(Professor in tropical soil science)




Summarz

'This preliminary reconnaissance Soil Survey of the Kilifi-
area (mapsheet 198) was carried out from December 1979 to Febru-
ary 1980 and has to serve as a basis for further studies and de-
tailed surveys.

The Kilifi area is situated north of Mombasa along the
coast until some ten kilometres beyond Kilifi and westwards until
Mariakani and Bamba (Fige. 1) The main town in its centre is
Kaloleni. _

Annual average rainfall is about 1200 mm near the sea and
600 mm near Bamba., The average annual evaporation is between
2000 and 2200 mm. |

Geologically, the area is part of a system of Mesozoic and
Cainozoic rocks, with a general Northeast- Southwest strike, de-
posited against the African shield., Outcrops of different ages
and nature have boundaries, which run almost parallel to the
coastlipe and 80 have landforms and soilse.
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Fig. 1 : situation of the surveyed area
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VI

Geomorphologically the area can be divided into:

the Coastal Plain with shallow to moderately deep soils,developed

on coral limestone, sandy and clayey, and very deep sandy and

loamy sandy soils developed on coastal sands of windblown and

lagoonal origin (mainly Lithosols, ferric Acrisols and dystric

Nitosols)

the Coastal Uplands with a large variety of soils, developed on

five different parent rock formations vizt

« In Magarini sands, which are extremely well drained, very deep,
sandy clay soils (mainly rhodic Ferralsols and dystric Nitosols)

« In Jurassic shales with shallow and moderately deep heavy clay
s0ils (mainly chromic Luvisols and chromic Vertisols)

« In Kambe limestone, with well drained with deep to very deep
friable clays (mainly eutric Nitosols and ferric Acrisols)

« In Mazeras sandstone, with well drained sahdy loamy and clayey
soils (mainly ferralic Arenosols and dystric Nitosols)

« In Mariakani sandstone, with well drained sandy and loamy soils
(mainly ferric Acrisols and dystric Nitosols)

the Erosional Plain with clayey and sandy soils,developed from

Pleistocene bdy'sédimenta.The s0ils of the erosional plain are

deep sandy or sandy with a clayey saline or sodic subsoil, and

saline heavy clay soils (respectively ferralic Arenosols,solodic

Planosols and orthic Solonchaks)

the Alluvial Plains with poorly drained heavy clay soils with

vertic properties (mainly pellic Vertisols)

miscellaneous landforms like tidal flats and swamps (thionic
Fluvisols ), sand dunes (cambic Arenosols);alluvial fans (dystric
Cambisols) and valley bottoms with a variety of poorly drained
soils. '

Vegetation and landuse are very much interrelated as can
be expected in a cultivated area. The Coastal Plain has mainly
a secondary bush vegetation with cultivated areas with fieldcrops
(maize, cassava, simsim) and treecrops (coconut,cashew,mango and
citrus). A large area is occupied by sisal monoculture and there
is some cultivated grassland for dairy cattle. The Coastal Up -
lands have area's with intensive treecrop culture (coconut ,
cashew and banana) mixed with food crops. Here and there are iso-
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lated patches of original tropical monsoon forests (kaja's).In
the northern part of the Coastal Uplands is Brachystegia bushed
woodland with grazing. The Erosional Plain is mainly Acacia Eu-
phorbia bushland with predominant grazing and some treecrops
(coconut). The tidal flats and swamps have a dense mangrove
vegetation.

No analysis data are yet available for information on soil ferti-
lity.



NOTICE

In this Preliminary Report and map on the soils of the Kilifi - area, the
soils have been tentatively classified according to the original text
of the FAO/UNESCO legend for the soilmap of the world.

However, it happens that the Kenya Soil Survey Staff has developed in
the past years several new concepts for the definition of Nitosols,
Ferralsols and Acrisols. This was done to adept them to conditions in

Kenya.

These adepted concepts were usged in our final report and map on the
soils of the Kisii area (mapsheet 130), tobe issued in 1980. But it was
decided to stick to the original concepts in this preliminary report
pending more detailed studies, and future developments in the KSS-

versions. see also section 4.4 of this report.

We like to state however, that it is our intent to fully include the
prevailing KSS - views on s0il classification in the final report and

map of the Kilifi area (mapsheet 138), expected to be issued in 1982,




1.

Introduction

This is a report with a preliminary Soil Map on scale
1:100,000 of the Kilifi area (mapsheet 198). The survey activi-
ties started in October 1979 and ended in December.Map and report
were compiled in the first two months of 1980.The work was
carried out under the supervision of the projectstaff by 5 post-
graduate students viz-

J. Floor Tropical Soil Science
R.F.M. Onck " u "

E ® Smaling 1] n ”"
JeJo van der Lek Vegetation

J.M. Reitsma Botany

The very purpose of this report and map is to serve as a
general basis for further mapping and research of the area. The
next stage will be the study of soils,landuse and vegetation of
s0 called Sample Area's and the detailed mapping of such area's,
which have to be representative for the region.The final result

to be attained within the project period of the 3 years,will be
a s80il map on scale 1:100,000 ,according KSS-standards,with an
extensive report, including a study on landevaluation of the same
area.Fig. 1 is a key map of the area,indicating the position of
mapsheet 198, major villages and acces roads.

A number of results,mentioned in the report are to be con-
sidered as tentative onlyjanalysis data and results of detailed
studiee will be needed for confirmation or revision.
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The environment

Location and extent of the surveyed area

Kilifi District is part of the Coast Province,which further
comprises the Districts Lamu,Tana River,Taita/Taveta, Kwale and
the Mombasa municipal.

The surveyed area is bounded by latitudes 3030. S and
490" S,and longitude 39930’ E and the Indian Ocean. The area
comprises four topographic 1:50,000 mapsheets: Bamba (198/1),
Kilifs (198/2), Mageras (198/3) and Vipingo (198/4). The four
sheets together form mapsheet 198 of the Soil Map of Kenya
1:100,000, The total surveyed area covers approximately 200,000
hectares. The elevation ranges between O and 382 m. above Mombasa
sealevel.

Main villages are Kilifi, Gangze, Bamba, Vipingo, Kaloleni,
Mageras and Mtwapa. Two tarmac roads traverse the surveyed area:
the Mombasa-Malindi road (along the coast) and the Mombasa-
Nairobi road (in the southwestern part). The roads Kilifi-Kalo-
leni, Kaloleni-Mazeras (tarmac) are good roads,providing E-W
connections. The pipelineroad (that follows approximately the
limestonebelt) and the road Bamba-Gotani/Mariakani are important
NS roads in the "hinterland",

The main rivers are the Ndzovuni, the Rarey, the Mtomkuu and
the Kombeni; there are three important tidal creeks, Kilifi~creek
Mtwapa-creek and Tudor-creek. The area is mainly inhabited by the
Giriama tribe.

Fig. 1 shows the situation of the project-area at Kenya's

coast.

Climate

General

Rainfall, humidity, temperature, sunshine and air- circula-
tion are some of the factors that make up the climate of a site.
Climatic conditions and particularly the annual and seasonal ba-
lance between rainfall and evaporation,together with the soil=-
resources, are the main factors determining the agricultural
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potential of an area.

The weather of the Kenya coast is largely controlled by the
great monsoonal air currents of the Indian Ocean in combination
with orographic effects of the coastal hills and convection over
the hot, dry hinterland immediately to the west.

Because of Kenya's position across the equator, the area is
mostly sunny and generally warm,with only slight variations
during the year.There are therefore no real seasons in the sense
of temperate spring,summer,autumn and winter.

Indeed it is because of this uniformity and rather high
rates of evaporation that rainfall and rainseasons have such im-
portance in the climatic spectrunm,

In the following paragraphs, details are given of the dif-
ferent climatic factors in Kenya's coastal region,in particular
the Kilifi District.

Rainfall and evaporation

As can be derived from the following hydrological equation:

Precipitation= Evaporation + Run-off + Drainage + Storage ,
the total average annual rainfall and total annual evaporation
provide a first impression of the main water balance character-
istics of a site (Fig. 2 and 3).In our case however,like in most
parts of the tropics, figures for average annual rainfall are of
limited value to the agriculturist.In the first place it provides
no indication of seasonal occurence of rainfall. Secondly the
factors runoff and evaporation are of much more importance than
in the temperate regions and thirdly there is a great variation
ir precipitation from year to year,so there is no indication of
the expectation of rainfall during any period.

Much of the rainfall of the Kenya coast is associated with
the Intertropical Low or Convergence Zone, which lies over South
Tanzania in January, and over Mid-Sudan in July.

In our area the year starts dry and remains so until March
when rainfall gradually increases.A fairly rapid increase occurs
throngh April and builds up to a maximum of rainfall in May.

Then rainfall decreases steadily but significant amounts are
still recorded in Qctober and November.During December a decrease
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is registered that leads to the rainfall minimum in January and
February (Fig. 4,5,6 and 7).

This pattern of rainfall is called bimodal,because of its
two rainy seasons and pronounced intervening dry seasons,

As can be seen from the data of Table 1, May is the wet-
test month all around.The short rains period is less pronounced
at the Coast than in the "hinterland". In Ganze and Kaloleni,
November is the second wettest month, while in Kilifi and to a
lesser extent Mtwapa,there i8 no significant difference between
July-September and October-December (Table 2).

JAN-MAR APR-JUN JpL;.snp  OCT-DEG TOTAL
BAMBA 78 270 103 226 677
GANZE 87 340 140 265 832
MARIAKANI 125 342 156 273 896
KILIFI 71 507 190 ’ 187 955
KALOLENI 99 398 254 337 1088
MAZERAS 104 Lk 202 . 344 1094
MTWAPA 103 640 265 268 1267

Table 2: rainfall (mm) and - distribution per season

iﬁfsome places the bimodal rain distribution type may en~
able two cropping seasons a year for annuals,which may increase
agricultural productivity significantly. However crop produgtion
in the short rains period can be greatly restricted by the low
amount and the low reliability of the rainfall.Exact uniformity
or exact prediction are nowhere to be expected, and in Kilifi
area we deal with quite unreliable rainfall. The variation in
annual or seasonal totals around its mean is considerable, as
well as the variation in the time at which expected seasons actu-
ally materialize.The latter strongly affects planting dates and
the general timing of farm operations

Evaporation is more a property of the climate than a cli-
matic factor. The evaporative potential of a climate is a func-
tion of incoming radiation and temperature of humidity and wind.
Currently the Penman formula isregarded as providing the most re-
liable estimation on evaporation,because of its proper physical
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Fig.2 : average annual rainfall (mm) Fig. 3: average annual evapo-
ration

basis.In contrast to rainfall, evaporation varies little from
year to year.Evaporation tends to be greatest when and where
rainfall is lowest,due to clear skies, high temperatures and
relatively low elevations; as for instance in Bamba (Fig. 2 and3)

Actual evapotranspiration is well below potential evapora=-
tion,because of limitation of water supply.Besides, the vegeta-
tion does not form a complete cover.
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STATION, ALTITUDE, AMOUNY OF RAINFALL

J F M A
BAMBA (1) 10 15 53 104
(2"’0 Moy L yrs.)
GANZE (2) 25 1% 48 97

(180 m,, 25 yrs.)

MARIAKANI (3)° 35 18 72 118
(195 m., 30 yrs.)

KILIFI (4) 18 15 38 122
(3 mey 49 yrse. :

KALOLENI (5) 31 25 k3 121
(220 m., 11 yrs.)

MAZERAS (6) 25 22 57 150
(160 m., 9 rs.)

MTWAPA (7) 21 26 56 235

(21 m., 13 yrs.)

Wettest spot: 3 7 3 7
(35) (26) (72) (235)

Driest spot: 1 2 b4 2
(10) (1) (38) (97

137
187
166
268
175
194
246
I
(268)

1

(137)

29
56
58
117
102
100

159

7

(159) (1c6) (81)

1

(29)

27
42
Ll
78
77

59

106

7

1

(27) (30)

>

Ll
53
56
81
81

80

5/6

1

46
54
59
56
96
62
70
5
(96)

1
(46)

74

84

89

71
141
130
104

5

(141)
L

(71)

]
Mariaskani does not belong to the surveyed areaj it is situated just outside

mapsheet 198/3

TABLE 1 :RAINFALL DATA

78
103
108

73
134
145
123

6

(145)
N

(73)

74
78
76
43
62
69

41

(78)

(41)

Total
677

832
896
955
1088
1094

1267
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wind

Kilifi District is situated between latitudes 3°30 and
4%0°’ s of the equatore.Prevailing winds blow between South and
East, and the mean run is about 160 kilometres per day.The SE=~
monsoon is reponsible for the long rains period in April and May.
The winds originating from the Southern Indian Ocean are satura-
ted with water vapour. When the airmasses reach the heated land,
or when they are being lifted up on encountering hills or moun-
tains,the watervapour is condensating. From May to October winds
blow from the South, still causing rain around Lake Victoria,but
at the Coast this period will be somewhat drier.

From November to March winds blow into the equatorial low
pressure belt (Intertropical Low or Convergence Zome), from
Northeastern direction. The axis of the low pressure belt tends
to follow the sun, moving southward in November and December and
returning slowly from its extreme position (150 S) in January to
Approximately 15° N in July.

From May to November the Convergence Zone is obliterated
and there is a great airstream across the Indian Ocean from the
South to the North.

Radiation and temperature

Daylength is rather constant; hours of sunshine may vary
somewhat, the average is about 7 to 8 hours per day. High humi-
dity and cloudiness are factors that boost net radiation.

Temperature is not a #ery important factor. Of course there
is a suitable temperature for plant growth, but the seasonal va-
riation is just slight. Average minimum temperatures in Kilifi
District are about 2200 saverage maximums grade from 26-3006 in
the coastal belt up to 30-3400 in the environment of Bamba

Humidity and dew

The amount of water vapour that is carried in the air is
important to both plant and animal life. In particular, it af~
fects the rate of tramspiration in plants and the rate of surface
evaporation in 50ils - High atmospheric humidity helps to con-
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serve vater. As a general rule, humidity is highest near to the

sea. Absolute humidity is the expression for the temperature, to
which air must be cooled for condemsation to occur (dew-point).

Mean annual devpoint at the coast amounts 23 Cy and it will drop
at a rate of 5,5 C per 1000 m ascent.

Relation climate and soil

Post and present climate is an important factor in soil
formation. First it:is involved in weathering processes (decay of
rock by hydrolysis, removal of carbonates, weathering of primary
minerals), second its function with respect to soil forming pro-
cesses like oxidation and humification of organic matter and
heterogenisation processes in the soil profile is clgar.

The moisture regime of a soil is an important property of
the s0il, often used as a criterium for processes in the soil.
However during past eras there have been significant changes in
climate, 80 not every soil type is formed under the present cli-
matic circumstances. The present day soil moisture regime in our
area is mainly an ustic moisture regime. The concept is one of
limited moisture, but the moisture is present at a time when con-
ditions are suitable for plant growth. The mean'annual soil
temperature is 22°C or higher and the mean summer and winter soil
temperatures differ by less than 500 at a depth of 50 cm (iso-
hyperthermic temperature regime); moreover if the soil possesses
an ustic moisture regime the s0il moisture control section is
moist in some part for more than 180 cumulative days, or it is
continuously moist in some part for at least 90 consecutive days.

In tropical and subtropical regions that have either ome or
two dry seasons, summer and winter have little meaning. In those
regions, the ustic regime is that typified in a momnsoon climate
that has at least one rajiny season of three months or more, The
soil moisture regime at the western part of the area tends to be-
come drier, i.e. almost aridic. In the following, examples are
given of s0oil units in our area which have been developed in for=-
mer climates.

In the plain, where bay-sediments are deposited,west from
Bamba-Gotani, calcic horizons occur in the soils (so0il descrip-
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tion 23), being a symptom of net upward watertransport in those
profiles. This corresponds with the almost aridic moisture regime
in that area.

The shale belt, especially north of Kilifi-creek, seems to
receive less rain in the long rains peridd because it is situated
in the rainshed of the hills on either side.The Magarini sands
must have been subject to wetter moisture regimes in the past,be-
cause Oxisols and Ultisols have been developed (soil profile des-
cription 7). Ultisols are also found on the Kilindini ssands
(Coastal sands), indicating periods of a net downward waterflow .
through: the soil.

The planosols (soil description 22) may have been subject
to ferralysis due to former reduced conditions. . .

Rain intensity and erosion hazard

Most of the rain falls in heavy showers, peak rates may
reach up to 100 mm/hour. A high rain intensity and thus a high
kinetic energy of the rain may cause splash erosion, when the
soll has a low aggregate stability and is not covered with vege-
tation., By the impact of rain drops, the soil aggregates desinte-
grate and after having dried up the soil surface is sealed and
becomes almost impermeable., Much of the rain, so important for
crop growth,will then disappear as surface run-off, and the sto-
rage is nearly zero,

Vater erosion phenomena were observed in the following
soil units: '

Usm, Magarini- sands: Slight rill~ and gully erosion

UT, Shales: Splash erosion, sealing and run~off
is moderately severe, when there is
an incomplete vegetation cover

USs 2, Mazeras sandstone: Slight sheet and rill erosionj in
case of a rather high slope gra-
dient and the absence of a surface
covering crop, moderate sheet- and
gully erosion

USK 1, Mariakani sandstone: The fine grained sands are suscep-

tible to slight rill erosion, gra-
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ding to moderate when there is no

efticacious vegetation cover

Geology and geomorphology
Introduction

_ The coastal zone is one of low relief; a coastal plain with
altitudes up to 60 m (200 ft) above sealevel, and an adjacent
zone of undulating coastal uplands, up to 300 m (1000 £t).Only
few summits exceed the 300 m contour, of which the highest is
Simba Hill (347 m). Along the coast a fringing reef is developed,
with marked gaps at the mouth of the rivers.

Geologically, the area is a part of a system of Mesozoic
and Cainozoic sedimentary rocks, with a generally NE-SW strike,
deposited against the African shield.The sediments, i.e. sand-
stones, siltstones, shales and limestones, representing conti=
nental, lacustrine and marine facies, were deposited'along the
margins of a trough, subject to flexures and fractures {Caswell,
1956) «

This chapter deals with a brief description of the geolo-
gical history of the Kilifi district, and some attention is paid
to the geomorphology of the area, especially with regard to the
coastal terraces. A simplified geological map is presented in
Fig. 8. For a stratigraphical summary reference is made to Table
3 § also the geological map symbols are given in this table.

The oldest rocks in the surveyed areé belong to the Duru-
ma Sandstone Series. Only upper-Duruma (Mazeras formation) and
middle~Duruma (Mariakani formation) are exposed in the surveyed

area,
Triassic rocks
Mariakani sandstone

These are fine grained deltaic and lacustrine sandy depo-
sits ("flagstones") of lower-Triassic age, derived from the Pale-
zoic rocks. Locally,bands of more resistant,massively bedded
sandstone occur, forming a well marked step, as can be traced
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Fig. 8 Geological map of the Kilifi area
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