
TRAINING PROJECT IN PEDOLOGIE 

KENYA 

A PRELIMINARY 
RECONNAISSANCE SOIL SURVEY 
OF THE KILIFI AREA 

PRELIMINARY REPORT NO 1 

(KILIFI SERIES) 

AGRICULTURAL UNIVERSITY 

WAGENINGEN - THE NETHERLANDS 



A PRELIMINARY RECONNAISSANCE 

SOIL SURVEY OF THE 

KILIFI AREA 

b:y 

J. Floor 

R. Onck 

E. Sma1ing 

J. van der Lek 

J. Reitsma 

PrelimiD&l'J' Report no. 1 

(Kilifi Series) 

Februari 1980 

TRAINING PROJECT IN PEDOLOGY, KILIFI KENYA 

Agricultural University, Wageningen - The Netherlands 



I 

Contents 

Preface (. by Prof. J. Bennema) 

Summary 

1. Introduction 

2. The environment 

2.1. Location and extend 

2.2. Climate ( bJ E.M. Smaling) 

2.2.1. General 

2.2.2. Rainfall and evaporation 

2.2.}. Wind 

2.2.4. Radiation and temperature 

2.2.5. Buaidity and dew 

2.2.6. Relation climate and eoil 

2.2.7. Rain intensity and erosion 

2.3. Geology and geomorphology ( by R.F.M. Onck) 

2.3.1. Introduction 

2.3.2. Triassic rocks 

2.3.3. Jurassic rocks 

2.3.4. Cainozoic rocks 

2.3.5. Summary 

2.3.6. Present coastal morphology 

2.4. Vegetation and land use ( by J.J. van der Lek, 

J.M. Reitsma and J. Floor) 

2.4.1. Introduction 

page 

2.4.2. The main vegetation and land use types 

2.4.3. Small vegetation units with a specific 

2.4.4. Land use and erop pattern 

flora 

2.4.5. List of crops and erop yields 

3. Working methode 

3.1. Office methode 

3.2. Field methods 

3.3. Laboratory methods 

3.4. Cartographic methode 

no. 

1 

2 

2 

2 

2 

3 
8 
8 
8 

9 
10 

11 

11 

11 

16 

17 

23 

24 

25 

25 
27 
34 

37 
39 

41 

41 

41 
42 

42 



II 

4. The soils ( by J. Floor, E. Smaling and R.F.M. Onck) 

4.1. Introduction 

4.2. General characteristics of the soils 

4.3. Description of mapping units 

4.4. Note on soil classification 

5. Literature 

Appendices 

Soil map at scale 1:100,000 +legend ( in folder) 

Soil profile descriptions 

43 
43 
43 
47 
68 

71 

App. 1 

App. 2 

App. 3 Schematic crossection at scale 1:100,000 (in folder) 



III 
I 

Pref ace 

Thia is a Preliminary Report of the Training Project in 

Pedolo~ (T.P.I.P.) at Kilifi (Kenya),of the Section in Tropical 

Soil Science of the Agricultural University at Wageningen {the 

Netberlands).It is the first of a new series to be presented to 

Ken1a 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 soil map of Ken,-a, 

scale 1&100 1000 and a report on its soils,with chapters on geo

logy,vegetation,agriculture and land evaluation {in print).Some 

}Q preliminary reports on varying eubjects were issued or are in 

preparation. 

In 1979 the project was transferred to the Kilifi area at 

Ken7a!s Coast 9and project activities started in September.Also 

thia project bas as its major aim the production of a mapsheet 

(Kilifi) on scale 1:100,000 in the frame of the Soil Map of. KeJl1'.a 

in cooperation with the Soil Survey of Ken1a (Ministr1 of Agri

culture).There are aleo links with the facUlty of Agriculture of 

the Universit1 of Nairobi. 

The project is meant for training of postgraduate studente 

of the Agricultural University at Wageningen and for furnishing 

research opportunities of the staff .The activities of studente 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 ionclucted by: 

DR. IR T. de Meester (Principal) 

Teaching and research 

ING. H. w. Boxem (Manager) 

Management and teaching 

Visiting specialiste from the Agricultural University at 

Wageningen help to resolve special problems. 



IV 

This report is the result of a prelimina~y Soil Surve7 of 

the entire Kilifi area.The text was written by Messrs. J. Floor, 

R. Onck, E. Smaling, J. van der Lek and J. Reitsma.It was edited 

and compiled by Mr. R. Onck, who did also most of the cartographic 
vork 9 and the typing of the final manuscript. 

Special acknowledgement should be made of the kind help and 

cooperation received trom the D.C.,Mr. Omuse and the D.A.o. , 

Mr. Were of the Kilifi District.The Director Mr. Muchena and bis 

staff of the Kenya Soil Survey, Mr. P..~osterom- 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 

graat debt we owe Kenya in general and to many Kenyans in parti

cular tor their valuable contributions to the project. 

the supervisor of the project, 

J.Bennema 

(Professor in tropical soil science) 
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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 f or further studies and de

tailed surve1s. 
The Kilifi area is situated north of Mombasa along the 

coast until some ten kilometres beyond Kilifi and vestwards until 

Marlakani and Bamba (Fig. 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. 

Geologicall7, the area is part of a aystem of Mesozoic and 

Cainozoic rocks, with a general Northeast- Southwest strike, de

posi ted against the African shield. Outcrops ·· of different ages 

and nature have boundaries, which run almost parallel to the 

coastline and so have landforms and soils. 

Ki L i f i 

Area 

Fig. 1 : situation of the surve7ed area 

1 NDIAN 
OCEAN 
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Geomorphologically the area can be divided into: 

the Coaatal Plain with shallow to moderately deep soils,developed 

on coral limestone, sandy and claye7, and very deep sandy and 

loaay eandy soils developed on coasta1 aands of windblown and 

lagoonal origin (mainl7 Lithosols, ferric Acrisola and dystric 

Nitosols) 

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

five different parent rock formations vizi 

- In Hagarini sands, which are extremely vell drained, very deep• 

sand7 clay soils (mainly rhodic Ferralsols and dystric Nitosols) 

• In Jurasaic ehalea with shallov and moderately deep heavy clay 

soils (mainly chromic Luvisols and chromic Vertisols) 

- In Kambe limeatone, with vell drained with deep to very deep 

friable clays (mainl7 eutric Nitosols and ferric Acrisols) 

- In Mazeras sandatone, with well drained sandy 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 Erosiona1 Plain with clayey and sandy soils,developed trom 

Pleistocene bay sediments.The eoils of the erosional plain are 

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

saline heavy clay eoils (respectively ferra1ic Arenosols,solodic 

Planosols and orthic Solonchake) 

the Alluvial Plains with poorly drained hea•y clay soils with 

vertic properties (mainly pellic Vertisols) 

miscellaneous landforms like tidal flats and swamps (thionic 

Fluvisols ), sand dunes (cambic Arenosols),alluvial fans (d7etric 

Cambisols) and valley bottoms vith a variety of poorly drained 

soils. 

Vegetation and landuse are very much interrelated as can 

be expected in a cultivated area. The Coastal Plain bas mainly 

a secondary bush vege~ation with cultivated areaa with fieldcrops 

(maize, caesava, 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

landa 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. Bràchystegia bushed 

wooclland with grazing. The Erosiona1 Plain is mainly Acacia Eu
phorbia buslü.and witb predominant grazing and. soae treecrops 

(coconut). The tidal flats and swamps have a dense mangrove 

vegetation. 

No analysis data are yet available for information on soil ferti

lit7. 



NOTICE 

In this Preliminary Report and map on the soils of the Kilifi - area, the 

soils have been tentatively r.lassified 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 used in our finul 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 soil classification in the final report and 

map of the Kilifi area (rnapsheet 198), expected to be issued in 1982. 
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1. Introduction 

This is a report with a preliminary Soil Map on scale 

1:100,000 ot the Kilifi area (mapsheet 198). The survey activi

ties started in October 1979 and ended in December.Map and report 

vere compiled in the fi~a+. tvo months of 1980.The work was 

carried out under the supervision of the projectstaff by 5 post-

graduate studente viz-

J. Floor Tropical Soil Science 

R.F.M. Onck tl tl " 
E. Smaling " tl tl 

J.J. van der Lek Vegetation 

J .M. Reitsma Bot&DJ' 

The very purpose of this report and map is to serve as a 

general basis tor further mapping and research of the area. The 

next stage will be the study of soils,landuse and vegetation of 

so called Sample Area's and t~e detailed mapping of suoh area's, 

which have to be representative for the region.The final result 

to be attained vithin the project period of the } years,will be 

a soil 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 only1analysis data and results of detailed 

studies will be needed for confirmation or revision. 



- 2 -

2. The environment 

2.1. 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. 
0 • 

The sllrveyed area is bounded by latitudes 3 30 S and 
0 • 0 ' 4 00 s,and longitude 39 30 E and the Indian Ocean. The area 

comprises four topographic 1:50,000 mapsheets: Bamba (198/1), 
Kiliti (198/2), Mazerae (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 betveen O and 382 m. above Mombasa 
sealevele 

Main villages are Kilifi, Ganze, Bamba, Vipingo, Kaloleni, 

Hazeras and Mtwapa. Two tarmac roads traverse the aurveyed 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 

H-S roada in the "hinterland". 

The main rivers are the Ndzovuni, the Rare, the Mtomkuu and 

the Kombeni; there are three important tidal creeks, Kilifi-creek 

Mtwapa-creek and Tudor-creek. The area is maii:lly inhabited b1 the 

Giriama tribe. 
Fig. 1 shows the situation of the project-area at Kenya•s 

coast. 

2.2. Climate 

2.2.1. General 

Rainfall, humidity, temperature. sunshine and air- circul.a

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 veather of the Kenya coast is largely controlled by the 

great monaoonal air currents of the Indian Ocean in combination 

vith 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 aunny and generally warm,with only slight variations 

during the year.There are therefore no real seasons in the sense 

of temperate spring,aummer,autumn and winter. 

lndeed it is because of this uniformity and rather high 

ratea of evaporation that rainfall and rainseasons have sucb im

portance in the climatic spectrum. 

In the following paragraphs, details are given of the dif

ferent climatic factors in Kenya•s coastal region,in particular 

the Kilifi District. 

2.2.2. Rainfall and evaporation 

Aa can be derived trom 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 J).In our case however,like in most 

parts of the tropics, figures tor average annual rainfall are of 

lillited 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 teaperate regions and thirdly there is a great variation 

in p~ecipitation trom year to year,so there is no indication of 

the expectation of rainfall during any period. 

Much of the rainfa11 of the Kenya coast is associated with 

the Intertropical Low or Convergence Zone, which lies over South 

Tanzania in January, and over Kid-Sudan in July. 

In our area the year starts dry and remains so until March 

when raintall gradua1l1 inoreases.A f airly rapid increase occurs 

througb April and builds up to a maximum of rainfa11 in May. 

'l'hen rainfall decreases steadily but significant amounts are 

still recorded in Q.ctober and November.During Deoe~ber a decrease 
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is registered that leads to the rainfall minimum in January and 

Februar1 (Fig. 4,5,6 and 7). 
This pattern of rainfall is called bimodal 1because of its 

tvo rainy seasons and pronounced intervening dry seasons. 

As can be seen trom the data of Table 1, May is the vet

test month all around.Tbe short rains period is leas pronounced 

at the Coast than in the "hinterland"• In Ganze and Kaloleni, 

November ie the second vettest month, vhile in Kilifi and to a 

lesser extent Mtvapa,there is no significant difference bet ween 

Jul7-September and October-December (Table 2). 

JAN-MAR APR-JUN JUL-SEP OCT-DEG TOTAL 
1· 

BAMBA 78 270 103 226 677 
OARZE 87 34o 140 265 832 
MARIAKAMI 125 342 156 273 896 
KILIFI 71 507 190 187 955 
KALOLENI 99 398 254 337 1088 
MAZERAS 104 444 202 344 1094 
MTWAPA 103 640 265 268 1267 

Table 2: rainf all (mm) and - distribution Eer season 

În'· aome places the bimodal rain distribution type may en

able two cropping seasons a year tor annuals,which may increase 

agricultural productivit7 significantly. Bovever erop prod~tion 

in the short rains period can be greatl1 restricted by the low 

amount and the low reliability of the rainfall.Exact uniformity 

or exact prediction are novhere to be expected, and in Kilifi 

area we deal with quite unreliable rainfall. The variation in 

annual or seasonal totale around ita mean is considerable, as 

well as the •ariation in the time at which expected eeasons actu

all7 materialize.The latter atrongly aff ects planting dates and 

the general timing of farm operations 

Evaporation is more a property of the climate than a cli

aatic factor. The evaporative potential of a climate is a func

tion of incoming radiation and temperature of humidity and vind. 

Currently the Penman formu1a is r_egarded as providing the most re

liable estimation on evaporation,because of its proper physical 
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basis.In contrast to rainfall, evaporation variee little from 

7ear to 1ear.Evaporation tends to be greatest when aD4 where 

rainfall is lowest 9 due to clear skies, high temperatures and 

relativel7 low elevations, as for instance in Bamba (Fig. 2 and3) 

Actual evapotranspiration is well below potential evapora

tion, because of limitation of water suppl1.Besides, the vegeta

tion does not form a complete cover. 
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STATION, ALTITUDE, AKQUNX OF RAINFALL 

J F M A M J J A s 0 N D Total 
BAMBA (1) 10 15 53 104 137 29 27 '° 46 74 78 74 677 

(240 m., 14 yrs.) 
GANZE (2) 25 14 48 97 187 56 42 44 54 84 103 78 832 

(180 m., 25 yrs.) 
• 18 MARIAKANI (3) 35 72 118 166 58 44 53 59 89 108 76 896 

(195 m., 30 yrs.) 
KILIFI (4) 18 15 38 122 268 117 78 56 56 71 73 43 955 

(3 m., 49 yrs. 
KALOLENI (5) 31 25 43 121 175 102 77 81 96 141 134 62 1088 

(220 m., 11 yrs.) 
MAZERAS (6) 25 22 57 150 194 100 59 81 62 130 145 69 1094 

(160 m., 9 re.) 

MTWAPA (7) 21 26 56 235 246 159 106 80 70 104 123 41 1267 -..J 

(21 m., 13 yrs.) 

Wettest spot: 3 7 3 7 4 7 7 5/6 5 5 6 2 

(35) (26) (72) (235) (268) (159) ( 106) (81) (96) ( 141) (145) (78) 

Driest spot: 1 2 4 2 1 1 1 1 1 4 4 7 

( 10) ( 14) (38) (97) (137) (29) (27) (30) (46) ( 71) (73) ( 41) 

• Mariakani does not belong to the surveyed area; it is situated just outside 
mapsheet 198/3 

TABLE1 :RAINFALL DATA 
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0 ' Kilifi District is situated between latitudes 3 30 and 

4°00' S of the equator.Prevailing winde blow between South and 

East, and the mean run is about 160 kilometres per da7.The SE

monsoon ie reponsible for the long rains period in April and May. 

The winde originating from the Southern Indian Ocean are satura

ted with water vapour. When the airmasses reach the heated land, 

or when the7 are being lifted up on encountering hi1ls or moun

tain8, the watervapour is condensating. From May to October winde 

blow from the South, still causing rain around Lake Victoria,but 

at the Coast this period will be somewhat drier. 

From November to March winde blow into the equatorial low 

preseure belt (Intertropical Low or Convergence Zone), from 

Northeastern direction. The axis of the low pressure belt tends 

to follow the sun, moving southward in November and December and 

returning sl.owly trom its extreme position (15° S) in January to 

Approximatel1 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. 

2.2.4. Rad.iation and temperature 

Da7length is rather constant; bours 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 ver1 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 22°c ,average maximums grade from 26-30°c in 

the coastal belt up to 30-34°c in the enYironment of Bamba 

2.2.5. Humidity and dev 

The amount of water vapour that is carried in the air is 

important to both plant and animal life. In pa.rticular, it af

tects the rate of transpiration in plante and the rate of surface 
evaporation in soils ·.High atmospheric humidity helpe to con-



- 9 -

serve water. As a general rule, humidit7 is highe~t near to the 

sea. Absolute hwaidity is the expression for the temperature, to 

which air must be cooled for condensation to occur (dew-point). 
0 Mean annual dewpoint at the coaat amounts 23 c, and it will drop 

0 at a rate of 5,5 C per 1000 m ascent. 

2.2.6. 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 

minerale), 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 çl,ar. 
The moiature regime of a soil is an important property of 

the soil, often used as a criterium for processes in the soil. 

However during past eras there have been significant changes in 

climate, so not every soil type is formed under the present cli

matic circumstancea. The present day aoil moisture regime in our 

area is mainly an ustic moisture regime. The concept is one of 

limited moiature, but the moisture is present at a time when con

di tions are euitable for plant growt~. The mean annual soil 

temperature is 22°c or higher and the mean summer and winter soil 

temperatures difter by leas than 5°c at a depth of 50 cm (iso

hyperthermic temperature regime); moreover if the soil possesses 

an uatic moieture regime the soil moisture control section is 

moiat in some part for more than 180 cumulative daye, or it is 

continuously moist in some part for at least 90 consecutive days. 

In tropical and subtropical regions that have either one or 

two dry seaeons, summer and winter have little meaning. In those 

regions, the ustic regime is that typified in a monsoon climate 

that hae'at least one rainy aeason of three montha or more. The 

soil moisture regime at the western part of the area tends to be

come drier, i.e. almoet aridic. In the following, examples are 

given of soil units in our area which have been developed in fer

mer climates. 

In the plain, where bay-sedimente are deposited,west from 

Bamba-Gotani, calcic horizons occur in the soils (soil descrip-
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tion 23), being a S7Jllptom. of net upvard watertransport in those 

profiles. This corresponcls with the almost aridic moisture regime 

in that area. 

The shale belt, especiall7 north of Kilifi-creek, seems to 

receive leas rain in the long rains period because it is situated 

in the rainshed of the hills on either aide.The Magarini sand.s 

must have been subject to vetter 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 sands 

(Coastal. sands), indicating periode of a net downward vaterflov ,, 

through ·: the soil. 

The planosols (soil description 22) may have been subject 

to ferralysis due to former reduced conditions. 

2.2.7. Rain intensity and erosion hazard 

Most of the rain falls in heavy shovers, peak rates may 

reach up to 100 mm/hour. A high rain intensity and thus a high 

kinetic energy of the rain may causa splash erosion, when the 

soil 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 aurface is sea1ed and 

becomes almost impermeable. Much of the rain, so important for 

erop growth,will then disappear as surface run-off, and the sto

rage is nearly zero. 

Water erosion phenomena were observed in the following 

soil units: 

Usm, Magarini- sands: 

UT, Shales: 

USs 2, Mazeras sandstones 

USK 1, Hariakani sandstone: 

Slight rill- and gully erosion 

Splash erosion, sealing and run-off 

is moderately severe, when there is 

an incomplete vegetation cover 

Slight sheet and rill erosion; in 

case of a rather high slope gra

dient and the absence of a surface 

covering erop, moderate sheet- and 

gully erosion 

The fine grained sands are suscep

ti ble to slight rill erosion, gra-



2.3. Geology and geomorpholotq 

2.3.1. Introduction 

11 -

ding to moderate when there is no 

eff1.cacious vegetation cover 

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 tt).Only 

few èummits exceed the 300 m contour, of which the highest is 

Simba Bill (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, 

depositeà 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 geomorphologJ of the area, especially with regard to the 

coastal terraces. A simplified geological map is presented in 

Fig. 8. For a stratigraphical summary ref erence is made to Table 

3 1 also the geological map symbols are given in this table. 

The oldest rocks in the surveyed area belong to the Duru

ma Sandstone Series. Only upper-Duruma (Mazeraa formation) and 

midclle-Duruma (Mariakani formation) are exposed in the surveyed 

area. 

2.3.2. Triassic rocks 

Mariakani sandstone 

These are fine grained deltaic and lacustrine sandy depo

site ("flagstones") of lower-Triasaic age, derived ~rom the Pale

zoic rocks. Locally,bands of more resiatant,massively bedded 

sandstone occur, forming a well marked step, as can be traced 
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from Kaloleni westward to Gotani, and further northward towards 

Bamba. 
According to F.M. Karanja (Geol.Surv. of Kenya,1979), the 

Mariakani sandstones and siltstones can be divided into upper-, 

middle-, and lower-Mariakani, consistine of fine grained sand

stones vith shale intercalations at their bases'" From pedologi

cal point of view this is of little importance as most of the 

Mariakani area is covered with younger deposits. 

The area on the west- and southvest aide of the Kaloleni

Bamba escarpment forms a broad flat lowlying plain 9 covered with 

salty,fine sandy, Pleistocene bay-sediments (P.Oosterom,pers. 

comm.). These sediments were dissected in a later stage, thus 

partly exposing the underlying Mariakani sandstone. The contact 

betveen the bay-sediments and the sandstone is marked by a 

pebble layer at 180 m (600 ft) containing artefacts, which ac

cording to . J. Bennema (pers.comme) may originate from 

the Mousterien (upper-Pleistocene) periodo Hovever,taking into 

conaideration, the similarity with the artefacts found on the 3d 

coastal level (see chapter 2.3.4.) they may well be oldere 

The area east and northeast of the escarpment consists of 

medium textured sands of which the greater part can be ascribed 

to the late-Cainozoic era (Thompson,1956)G The landform is gent

ly undulating,with few moderate deep (up to 90 m ) inciaed riv

ers, tor e~ample the Ndzovuni river. Slopes are generally con

vex and about 20~.P.Oosterom (pers.comm.) distinguishee three 

different levels, either erosional or depositional,i.e. at 225 m 

(750 ft), 245 m (850 ft) and 300 m (1000ft) with well defined 

differences in soil development. Bowever this was only partly 

confirmed by our records. The origin of these levels, which de

tinitely do exist, either erosional or depositional, remains yet 

obscure.On the other hand, the 300 m (1000 ft) level may be like

ly to correspond with the so-called sub-Miocene erosion bevel, 

a gently SE-s1oping downwarped peneplain which outstretched over 

large parts of Africa (Ojany,1973;see also w. Pulfrey,1960). 

Possibly the 245 m and 225 m levels correspond to terraces of 

a "primitive" Athi-river or tributaries (see: w. Pulfrey,1960). 
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Mazeraa sandstone 

These are coarse grained sandstones alternated with yellow 

to purple shale-bands, deposited under continental, lacustrine 

and deltaic conditions; t~ey overlie the Mariakani sandstones, 

often with a faulted contact.The Mazeras sandstones locally con

tain silicified vood. 

The eastern flank of the formation gives rise to a range of 

hills, up to 300 m(1000 ft) ; westwàrds it forma gently undu1a

ting ground, with convex slopes. 

As outcrops are rare and indistinct, the exact boundary be

tween Mazeras- and Mariakani sandstones ie not very clear. This 

probably accounts f or the diff erences between the geological maps 

of Casvell(1956) and Karanja(1973). From a pedological point of 

view the exact boundary is of minor importance as both formations 

are partly covered with younger sediments.A distinction was made 

between soils developed on coarse to medium grained sands (Maze

ras formation) and on medium to fine grained sands (Mariakani 

formation). 

In the Mazeras tormation, a belt of brown shales can be 

distinguished, forming a well defined depression at approxim.ately 

150 m (500 tt), extending from Ganze in southern direction. Ac

cording to P. Oosterom (pers.comm.) this coul.d be a tributary of 

the Pleistocene bay. Unfortunately no clear evidence !or this 

hypothesis could be found, yet soils in thie part appeared to be 

salt7. 

On few places the Mazeras sandstone is covered with shallow 

red Pliocene sand.y deposits (Magarini sands).In a quarry south

east of Ganze the contact between Magarini sands and underlying 

Mazeras sandstone can be studied (Fig. 9). 
At the base,unweathered Mazeras sandstone is exposed. 

On top of this, a 80 cm deep, sandy,weathered sandstone 

residue occurs,witb some partly weathered sandstone 

fragments.This layer also contains plinthite and some 

angular quartz fragments. This layer is covered by a 

vell marked, 25 cm. thick, layer containing rounded 

sandstone pebbles,ironstones, and rounded quartzite 

pebblee,the latter obviously derived trom the hinter-
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land, and suggesting a fluviatile origin.This layer underlies a 

1.5 m deep clayey Kagarini deposit in which a soil profile has 

been developecl. 

2.3.3. Jurassic rocks 

The Jurassic transgression aff ecting the Kenyan coast re

sul ted in the deposition of thick (about 300 m) strata of lime

stones and shales. The Jurassic rocks form a continuous belt De

tween the Cainozoic deposits and the Duruma Sandstone Series, on 

which the7 rest unconform11.t generally with a faulted contact 

(Caswell,1956). 

Kaabe limestone 

In the north the limestone forma a well marked escarpment, 

overlooking sh&l.es, witb altitudes of about 180 m (600 ft), and 

some cleepl7 incised river valleys (Njora:120 m, NdzoVWZli:180 m). 

South of Jaribuni the limestone bas given rise to a f1at topped 

topography with Karst features such as hums (small, dome-like 

residual limestone mounds), rill-lapie.• s ("Karren") ,solution ca

verns • and steep sided canyons. The eastern flank of the lime

stone ridge is thougbt to represent a former coastal cliff ,in 

which some caverna were f ormed. 

On several places the Kambe limestone is capped with clark 

reddish cla1e1 sands, representing remnants of a former out• 

stretched cover of Magarini sands. The distinction betveen Maga

rini sands and the in situ weathered limestone, giving rise to 

"terra rossa", is not alvays clearf generall1 the latter has a 

leas defined red colour and a lower sand content. 

Jurassic shales 

These upper-Jurassic deposits form a strong1y dissected de

preasion between both the older and the younger deposits. 

The shales attain maximum altitudes of approximately 120 m 

(400 ft). According to Thopmpson (1956) this corresponds with a 

Tertiairy erosional plain. Several watersheds at 75 m (250 m) 

have a flat topped topography, due to a cover of Magarini eancls. 

llëar Sokoke 1 plabtation- a seo,tion , can be seen in a roadcut ,showing 
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MagariDi sands vith a basal pebble-layer, containg ironstones, 

resting unconforml7 upon the Jurassic shales. These Magarini 

sanda once covered an outstretched area, but as a resu1t of 

Pleistocene erosion which dissected the shales, onl7 remnants can 

be f ound. 

The river Rare is 60 m deep incisedi it has a broad flat 

valley bottom showing small levees and backswamps. The ideal 

slope profile con.siata of a slightly convex watershed at 75 m , 

a rectilinear upper part {17 ~), a knickpoint at 30 m {100 ft) 

probably related to marine terraces at the coastal plain, a rec

tilinear .lover part (20 ~) and a relativel7 short concave knick 

to the flat alluvial plain. The smaller contributaries have v
shaped valleys, occasionally vith small flat valle1 bottoms. 

In recent times the tidal creeks cou1d easily penetrate in

to the shales. 

Aa the shalea are very susceptible to erosion, nowadays 

gully erosion takes place on the ateeper valley sides, probably 

accelerated by human influences. 

2.,.4. Cainozoic rocks· 

Cainozoic rocks represent a broad variety of conaolidated 

and unconsolidated Tertiairy and Quaternary rocks, deposited in 

different sedimentational environments. 

Cretaceous and early Tertiairy times are being considered 

as periode of predominant erosion,which tormed possibly a 120 m 

{400 ft) level in the shale belt. 

Baratumu bede 

The Baratumu bede comprise the yellow sandy marls that are 

believed to be of Miocene age and deposited under littoral or ne

ritic conditions (Thompeon,1956). Generally these marls are co

vered witb Pliocene and Pleistocene deposits.Probably the Bara

tumu beda rest unconformly on the shalee with a slight inclining, 

alaoat horizontal dip. Their horizontal extension may vell be as 

far as the present coastline thus underlying the Pleistocene co

ral reefs. 

The tidal creeks cut deep channels in the coastal plain,and 
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it is there where major outcrops of the Baratumu beds can be ob

served. Furthermore they are occaaionally axposed at the rim of the 

·3d coastal level (eee page20). The contact between the Jurassic 

shales and the marls can be studied at the Mitangoni-Mbuyuni road, 

7 km. aouth of Kilifi creek. 

From pedological point of view the Baratumu beds are of minor 

importance as they are generally covered with younger sediments. 

Magarini sànds 

These are red to dusky red sandy depositsv mainly derived 

trom the Duruma Sandstone Series, and exposed in a NS ridge. Their 

base is marked by a pebble layer containing rounded Archeian 

quartzite pebbles, ironstones and sandstone pehbles. The nature of 

this base suggests a deposition of river gravels of a piedmontlike 

type, probably during a period of sudden uplift of the hinterland 

combined with an intensive erosion.The sediments ars thought to be 

of Pliocene age. The lower limit of the Magarini sandsoccurs on a 

rather uniform altitude of about 75 m (250 m) indicating a rela

tively flat plain during deposition0 Probably this plain represents 

a late Tertiairy peneplain. 

The Magarini eands do not entirely consist of fluviatile de

posi ta; al.so aeolian sediments occur, thought to be of lover-Pleis

tocene age. According to Caswell (1956) the upper limit for the 

fluviatile deposita being placed at about 90-100 m, results in a 

total thickness of 15-25 m fluviatile strata. It has previously 

been indicated that several outliers of this formation occur on 

both Jurassic rocks,Miocene rocks and Duruma Sandstone Series. A 

possible level of 135 m (450 ft) of which remnants can be found at 

Sokoke and Vipingo Estate, should then be looked upon as aeolian 

deposits. Near Sokoke, the existence of a ridge of higher hills 

(up to 225 m) also suggests an aeolian origin (Caswell,1956). 

Thompson (1956) splits the Magarini sands, according to their ori

gin in Pliocene fluviati1e sands, the so ca1led Marafa bede, and 

the Pleistocene wind blown deposits, the Magarini sands proper 

sense. Hovever, as thia terminology is rather confusing in respect 

to other p~blicationa, we will not adopt it. 

The Magarini sands form a flat topped ridge, with an undula-
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ting topography suggesting either fluviatile dissection or aeoli

an redistribution or both. Locally a belt of prominent white 

sands occurs, at an altitude of about 90 m (300 ft), situated at 

the flank of higher hills, a feature that will be diseussed later. 

Pleistocene and Holocene deposits 

These deposits have built up the coastal plain,and are 

generall7 under 50 m (170 ft) in altitude. Generally these depo~ 

sits are referred to as "Kilindini lagoonal and windblovn depo

si ts". As there are many doubts about the origin of these depo

sits and very little uniformity on this term, we prefer to use 

the term "coastal sands", comprising all deposits between the 

ridge of Magarini sands and the Indian Ocean (except tor the ti

dal flats). 

The coastal sands are built up by sediments of varying ori

gins,i.e. 

- recent,generally shal.low red clays, derived trom in situ 

veathered coral limestone 

recent beaches and dunes consisting of calcareous sands 

- Pleistocene red lagoonal deposits,either sandy or clayey;these 

deposits contain fluviatile and aeolian redistributed Magarini 

sands, aands and breccia derived trom coral rock, in varying 

and indistinct proportions 

- Pleist~cene windblown deposits forming minor ridges and iso

lated dunes, consisting mainly of quartz sands. 

- Pleistocene (?) ,bleached white sands forming a belt on the 

eastern flank of the Magarini sands, at 45 m (150 ft) 

The geology and geomorphology of the coastal plain is obvi

ously related to the Pleistocene sea level changes. 

Aa a result of the intermittent growing and diminishing of 

the polar ice-caps during Pleistocene times, represented by an 

alternation or glacial and interglacial periode in the temperate 

latitudes, the sea level was subject to considerable changes. In 

tropical areae however, the climatic variations express them• 

eelves in another way,i.e. wet phaseB(pluvials) and dry phases 

(interpluvials). Evidence which correlates the East African plu-

. 1 
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vial phases with the temperate glacial phases, and the inter

pluvial phases with the interglacial phases has not been proven 

beyond doubt. For the picturing of the geomorphological events 

however, this correlation ia a very useful one. For a schematic 

review reference is made to Table 4, derived from Caswell (1956), 

Thompson (1956) and Ojany (1973) 

In late-Pliocene times the sea level stood at 90-100 m OD, 

in accordance with the upper limit of the fluviatile Magarini

beds (Caswell,1956). The onaet of the first pluvial period (Kag

eran pluvial) during a period of marine recession caused a drop 

in sea level to below its present level, and the Magarini aands 

were subject to severe eroaion, hence, no marked erosion surface 

was developed (Caswell,1956). 

During the f ollowing interpluvial the sea level rose to a

bout 60 m OD and it vaa then that the bulk of the Magarini dune

sands accumulated (Caswell,1956), owing toa much drier climate 

and an ill-developed vegetation cover. I suppose that it was 

during this period that a marine terrace was developed at an al

ti tude of about 50 m (170 ft), the so-called 3d level. On severa1 

places the contact betveen the sandy marine deposits and the 

underlying Baratumu bede can be studied. It is marked by a thin 

la7er of rounded quartz pebbles and ironstones, and containing 

Pleistocene artefacts.On top of this a plinthitelayer occurs. 

On the western part of the 3d level, near Sokoke, a narrow belt 

of brilliant white sands occur,locally called Timboni eands. Ac

cording to P. Oosterom this feature is due to intènsive pdsoli

sation processes (removal of sesquioxydes) as a reault of vet 

condition& in the past.Nearby, identical white sands occur at the 

90 m level,probably owi~g to comparable hydrological conditions. 

Both belts are notable situated at the topographical flanks of 

higher ridges, which may have caused these specific hydrological 

conditions.These Timboni sands do not occur on the southern map

sheet (Vipingo). 

At the end of the lower-Pleistocene,during the Kamasian 

pluvial, the sea dropped by some 60 m (200 ft) below its present 

level. A marine platform was cut at'this lo~ level on which cora1 



! 
~ 
'~ 

period pluvial/interpl. Alpine sequense seäl.eve 

Post-Pluvial Post-Glacial rise to 
OD 

" 

u~~er 
Gamblian-Pluvial W\ll.im-Glaciation -8 m OD 

-' 

1 3rd Interpluvial Last Intergl" · i 8 m OD ,i 
.-;~-::,.::.....::::-:.·.·. •.;· 

Kanjeran-Pluvial Riss-Glaciation -40rn OD 
.-.-;...- -· 

middle 2nd Interpluvial CJ,reat Inter- 30 m OD 
Q) 

s:: glacial 
<I> 
0 
0 

+> 
til 

•ri 
<I> 

.-t p. 

--
Kamasian-Pluvial Mindel- -601~1 OD 

' Glaciation 
.. 

lower 1st Interpluvial 1st Interglacial 60m OD 
. ' ' -

Kageran Pluvial GUnz-Glaciation ? 

Q) 1ó0m OD ~ 
~ ::,;:-., 

Cl> upper .. 
0 . -

'. ' 0 
•ri 
r-i low er p. 

major events &J. •. coastal plain 

drowning of old river courses 
forming Of mangróve swamps 

cutting of present coastal cliff 

8 m platform 

platform cut at -40 m OD 

growth of coraJ. reef;barrier reef 
lagoonal sands accumulate 
windblown sands accumulate 
15-30 m terrace 
30 m knickpoint(?) 

cutting of marine platform upon 
which corals grow 
cutting of de op channels 

50 m terrace;wind blown sands 

marine recession 
end of fluviatile Magarini sands 
accumulation 

fluviatile Hagarini sands 

eros ion 

level 

1 

2 

3 

···. 

" 

' N 
..a 

1 



- 22 -

polyps grev. Coral polyps tend to live in colonies; when they die 

their skeletons, made of calciumcarbonate, accumulate with other 

organisme to form coral limestonee In this way large banks of 

rock are gradually built up called coral reers.Coral thrive best 

in varm,clear, aalt water with a temperature of 20-30°c. 

The fali' in sea level enabled the rivers to cut deep channels, 

which reached their maximum extent in th~ then sea level (Ojany, 

1973). 
With the onset of the 2nd interpluvial in middle-Pleisto

cene times,the sea level rose to 30 m OD; simultaneously coral 

polyps grew on the marine platformg forming a barrier reef. Be

bind the reef a coastal lagune developed in which fluviatile and 

aeolian sediments accumulated 9 together with coral. sands. These 

lagoonal deposits form a marine terrace at about 15-30 m (50-100 

ft) OD,the so called 2nd level;in a later stage it was partially 

covered with windblown sands. The lagoonal deposits represent a 

range of different sediments.They comprise: 

fluviatile sands and clays originating from respectively the 

Magarini sands and the Jurassic shalea 

windblown fine sands from the Magarini sands and hinterland 

calcareoua sands and breccia 9 derived trom the coral reef by 

wave action 

Generallyt the lagoonal deposits in the southern part of the 

surveyed area are more clayey than in the northern part.This may 

well be attributed to differences in depositional enviro~..ments 

and erosional conditions (in the hinterland),as indicated above. 

According to Caswell(1956) the dunes near Kilifi and Takaungu are 

also of middle-Pleistocene age. 

0n the slopee in the belt of the JurasEic shales,frequen~ly 

knielt-points can b~ seen app1~aring at alti todes çi;f a.bout 30 ~ 

{100 ft) which m~y po~sibly b~ lin~ed with the 2nd leveJ.lne 

knick-pointa ·tuen represent a former base level of erosion, 

evoked by rejuvenation of the stream courses as sea level dropped. 

During the Kanjeran pluvial, a marine recession caused a 

drop of the sea level to about 40 m below its present level. The 

rivers were rejuvenated and a marine platform was cut at about 

-40 m OD. As the sea-floor sediments became exposed to subaerial 
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erosion, the wind built up fine sandy dunes (Thompson,1956). 

In tha 3rd interpluvial, a platform was cut at about 8 m OD 

along the coast linei it was covered with marine sands, lagoonal 

deposits and windblown sands (1st level). According to P. Ooster

om their thickneas is generally lees than 5 m. In these deposits 

arteilacte (Neolithic potsherds) were found. Near the coastline, 

the clayey material seems mainly to be derived trom in situ 

weathered coral limestone. Frequently this terrace is covered 

with both upper-Pleistocene and Holocene dunes, the latter be

ing calcareous. 

From a pedological point of view, there is a marked increase in 

soil profile development and profile ditferentiation from the 

1st to the 3rd coastal level. 

A slight marine receasion, represented by the Gambl.ian 1plu

vial, caused the cutting of cliffs on the seaward aide of the 

coral reef (Thompson,1956). Probably, a platform was cut at -8 m 

OD (Casw~11,1956). 

The final phase was a rise of the sea to its present-day 

level in the post-pluvial period; the old river courses were 

drowned to form the present tidal creeka. 

In recent times, the formation of tidal flats took place, 

on which mangrove forests developed. The alluvial fill of the 

valleys, especially in the shale belt, started already in upper

Pleistocene times but continued in recent times, giving rise to 

marked levees and backswamps bordering the tidal creeks and the 

major rivers. 

Taking into consideration the geological and geomorpho

logical setting, as pictured above, one may well divide the sur

veyed area into three major geomorphological zones, roughly run

ning parallel to the coast; 

the Coastal Plain, 

a flat to gently undu1ating plain,consisting of sediments 

of varying origin, and of Pleistocene and Holocene age. It~s sea

vard margin is generally formed by a well marked cliff; the west

ern boundary with the Coastal Uplands is represented by ~ scarp. 
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The plain is built up by three distinct marine terraces, of wbich 

the lover two are developed on coral limestone, and the upper one 

on sandy marls. The Coastal Plain is dissected by some tidal 

creeke, repreeenting drowned river courses ("ria's"), and some 

minor valleys. Other meso-relief features are formed by several 

dunes and an alluvial fan. 

the Coastal Uplands, 

consisting of a wide range of different Tertiairy and Meso

zoic rocks,i.e. 

- Magarini sands: fluviatile and windblown~ Cainozoic deposits, 

forming a prominent ridge with an undulating to rolling char

acter 

- Jurassic shales: occurring as a strongly dissected depression, 

vith mainly V-shaped valleys1 they also comprise distinct 

alluvial plains, relatively broad,flat valley-bottoms, ending 

at the tidal flats 

Kambe limestone: a rectilinear escarpment in the north, and a 

plateau-like topography in the south,covered with "terra rossa" 

Mazeras- and Mariakani sandstone: forming undulating (N) to 

hilly (S) ground, with generally convex slopes, and mainly 

sandy soils1 the main rivers are deeply inoised, with indis

tinct terraces 

the Erosional Plain, 

a flat, low-lying, salty plain below an escarpment,and re

presenting a Pleistocene bay; it extends far beyond the surveyed 

arèa. 

2.3.6. Present coastal morpbology 

The present coastline shows features of both submergence 

(ria's) and emergence, the latter being represented by raised 

beaches and clifts. 

During post-Pluvial and Holocene times, the sea level did 

not reach the level of the 3rd interpluvial,thus abandoned cliff

lines and raised beaches are vell displa1ed along the coaet. The 

cliff has an undercut notch, which regularly is enlarged into 
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caves. Abrasion and hydrau1ic force are both vital. to cave for

màtion. Bydraulic force& occur as a result of the impact of 

breaking waves, causing air in crevices to be suddenly compressed 

thua loosening rocks and enlarging cracks. The overhang above the 

notch is a zone subject to sea spra1ing, resulting in the forma

tion of sharp jagged ridgos and pinnacles, known as coastal 

lapie•a. 

The present coral reef, a so called fringing reef consists 

of a coral platform with some channela and smaller lagoons. The 

reef's seaward edges are steep, owing to the more active develop

ment of the coral, where the braking waves bring in a regular 

aupply of oxygen and plankton for coral growth (Ojany,1973). 

There are marked gaps in the reef at the mouth of more or leas 

muddy rivers and creeka. 

2.4. Vegetation and landuse 

2.4.1. Introduction 

In a cultivated area, natural vegetation and agricultural 

landuse both depend on physical factors (such as climate, soil 

and topograph1) as vell as on human factors ( such as clearing, 

burn·ing and ploughing). Landuse ma1 also be influenced by other 

factors, like pests, tradition or government policy. Vegetation 

and landuse were therefore studied and surve1ed in combination. 

The moet important ciimatic factors ror plantgrowth are 

rainfall, evnporation and temperature. Their interaction can best 

be expressed bJ defining bioclimatic zones. Fig. 10 shows their 

boundaries;tho boundery criteria as calculated for the Kilifi 

area by the Kenya Soil Surve1 are given inTable 5 

zone III • r/Eo = 50 -65 . 
zone IV • r/Eo = 40 -50 • 
zone v • r/Eo = 25 - 40 • 

2 0 • average annual temperature is 24-27 C • 

r = average annual rainfall (mm) 

Eo= average annual potential evaporation (mm) 
------------------------·--·-------·------·---·······-·--·-·--

Table 5 : boundary criteria of bioclimatic zones 
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However; soil conditions (such as soil profile, chemical and 

physical properties, and topography) are al.so important factors 

affecting vegeation and landuse in the Kilifi area. 

The bio-climatic zones and the major soil groups (see soil 

map) have roughly the same pattern, parallel to the coastline, 

which makes it possible to draw a tentative map, showing some 

ten. zones with different vegetation and landuse, as shown in 

Fig. 10. 

2.4.2. The main vegetation and landuse types 

The ten zones mentioned above have been typified by their 

characteristic natural vegetation or the remnants of it. The ten 

main vegetation types have been subdivided into complexes of na

tural vegetation and various forms of agricultural landuses. The 

resulting tentative legend to be used for a future vegetation 

and landuae map on scale 1: 100,000 is given below: 

1 Lowland c:lry torest (Arabuko-Sokoke f orest) 

1A 20-50 • forest;50-80 • cashew;20-50 • fieldcrops(settlements) 

1B 0-5 • f orest; " " " 
1C cultivated grassland 

1D sisal monoculture 

2 Lowland dry f orest on coral rag 

2A secundair bush vegetation 

2B secundair bush vegetation + 20-50 ~ fieldcrops 

3 Manilkara-Acacia cultivated savannah 

3A 80-100 ~ savannah 

3B valley bottoms 

3C savannah + 80-100 • grazing 

3D savannah + 50-80 ~ grazing + 20-50 • fieldcrops 

3E savannah + 20-50 ~ grazing + 80-100 • fieldcrops 

4 Tropical moneoon f orest 

4A ka ja f orests 
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4B 50-80 ; fieldcropa + 20·50 ; treecrops (coconut) 

ltC 20-50 ; fieldcrops + 50-80 ; treecrops (coconut) 

4D 20-50 ; fieldcrops + 80-100 ; treecrops (coconut) 

5 Brach1ste1ia bushed wood.land 

5A Brach7stegia bushed wood.land with grazing 

5B " " " + 50-80 ; grazing 
5C " " u + 20-50 ; grazing+20·5~ fielder. 

6 Acacia B1phaene savanD&h SW of Kaloleni 

6A " + 20-50; grazing +·20-50; fieldcrops 

7 Acacia-Euphorbia bushland W of Bamba 

tt + grazing 
: 

7A 
7B " + grazing + 20-50 ; f ieldcrÓps 

8 Mangrove + svampa 

9 Coaatal vegetation on bare eoral rock alons the coast 

10 Coastal vegetation on sand dunes and beach littoral 
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Type 1 

Of this type only little remnants are present in our area, because 

of cultivation with çasheW(Anacardium occidentale); mango (Maneifera 

indica); cocos (cocos nucifera) or fieldcrops. Directly north of our 

map area th forest is still intact, however Drachylena butchensii is 

mostly cut for timber wood. South of Kilifi crock there is cultivated 

grassland (1C), where l~yparrenia rufa is an important grass. South or 

this there is a big sisal (a3ave spp.) estate. 

In the cultivated parts of this type occurs ofcourse secondary bush 

(Hoslundia opposita);·Harrisodia abyssinia; Premna chrysoclada; and 

others. / 

This type covers mainly the soils of the Coastal plains; includinG 

the Maearini sands. Some of the important species are: (in the natural 

forest): 

Brachylaena hutchensii 

Cynometra webberi 

Afzelia cuanzensis 

Brachystegia spiciformis 

Trachylobium verrucosum 

Manilkara pseudopulchellus 

understory; 

Strychnos drysophylla 

Combretum hildebrandtii 

Encephalartos hildebrandtii 

Croton pseudopulchellus 

Type 2 

Lowland dry forest on coral rag. 

This type grows on the very shallow sandy soils overlyin~ coral 

rock. No natural rcmains are found in our area. Near Gcde a naturnl 

forest remnant is found. Dominant species are: 

Gyrocarpus americanus 

Ficus bussei 

Ficus spp. 
Combretum schumannii. 



Cassipourea euryoides 

Adansonia dieitata 
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Actually the coral rag is covered largely by ~ense thicket with 

scat~ered cultivated plots beteen it (mainly maize). This thicket can 

be considered as rnainly secondary vegetation. 'i'he m.:ijor species l'l!"e :. 

Lantana camara 

Securinega virosa 

IIoslunnia opposita 

Grewia ~l~ndulosa 

Combretum spp. 

Premna ch~ysoclada 

Phyllanthus spp. 

Acalypha longipedunculata 

:füus natalensis 

Dichrostachys cinera 

'rype 3 

This type is f:::rowing in the clayey soil of the Jurassic shale:-:;, 

which have a bc•d drainage and a lot of surf ace runoff. 'l'hat is why 

there are a lot of succulent species growin~ on this soilJ To the south 

there is more cultivation on the shales (maize). Important species are: 

Acacia mellifera 

Ac. zansibarica 

Ac. stuhlmannii 

Ac. spp. 

Manilkara zansibarensis 

Diospyros cornii 

Sterculia rhynchocarpa 

Terminalia spinosa 

Terminalia prunoides 

Commiphora campestrus 

Commiphora spp. 

Piliosti~ma thonnin~ii 

Grewia villosa 

Grewia plagiophylla 



Vannila zoscheri 

~is3us quadrancularis 

Euphorbia ti1~col~ii 

ádenia ,r:i;lobos'l 

o;rasses: 

':'hcmeda tri.'.l<lra 

Tlir~·i_t:=iria moml:Jasonu 

Ey-oarhennio rüÎa 

~!. fiJipenc1.ul:=1 

Heteropo~on contortus 

Chloris rr:xbur~;llian.~i 
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·J'ype l+: Tropical ~onsoon Vorest: 

':'he for':·st was ~;rowin::; on the Lim1-~stone and the wetter p::-;rt o th" 

l'iazeras sandstone. ~-!owadays only the 1'Kaj·=''Î fo1"csts tJ :~e ret·111::~·1·;_~~. 

of the farmer forest. 'Phese 11 1·;aja" :forcsts are ::;acrcd, bnt even insiJ·.:: 

these li ttle forest Pirewood is cut out. :.::-:.:tween the Fnjo. :forests thr!rc 

is 811 intensive cultivation with mninly cocon~t ar~/or Cicldcrops. Sooc 

remnants or Uw n::::.tural vegetation which .:-1rc Gcó1 1:. tc~rc··:'. between tlw co cc'.~

nrc (solitary trees): 

Gyroc. 'rnus ameri canus 

3terculia appendiculata 

Ficus·spp. 

Chlorophora exelsa 

Cf the \·JCeds grm·:inr; benca [-.h the COCOG can be !Ylent ioned: 

Stachyfarfera janaizensis 

Bi:len::.; spp. 

Comr.ieli nn srip. 

Aneleiriµ S!J!l• 

1\l t:ernanther.::i niuic·:en~:; 

Ar:erai:um conyzoidn::-; 

,·,butilon m.:i.nri tianum 
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Ty~e 5: Brachyste~in bushed woodland 

This type occurs on the ;lrier part of tlce s::mdstone (i·iazer::ir; c.tr:d. 

I·,1ariakani). (;razinr·: is the main lanrtuse in thir; part, anct on th·~ 101:1er 

parts fieldcrops (maize). Same parts on the aloucs ~re inte nsively 

grazed, and bare soil can be seen both in the l"ield nnd on the ncriol 

phoi-:o~raphs. 

Important species on the Brachystegin bushed woódlnnd: 

ove::-.·story: 

Brachystegia sviciformis 

rrrachylobi urn verrucosum 

Paramacrolobium coeruleum 

Julbernardia macnistipulata 

Afzelia cnanzensis 

Lanneu stuhlmannii 

unrhrstory: 

Comb:retum spp. 

Vitex mombasaac Vatke 

Tinnea aethio~ica 

Heinsia crinata 

Hue:onia castaneifolin 

i:~nilkara sulcata 

Acritlocarpus zansib0ricus 

Pvar-:i_r:i acumino.ta 

u. leptocladon 

Ozoron. obovnta 

·:'ype G: Acacia iiyphaene sav.'.l1mah. 

or t1·eclets are p':-csent (fe\"1 i.ndivj_duals anil ':e·.·1 S]JCC".cs!: 

Albizia anthelmintic;·, 
t.T 1 • "ypnaene coriacca 

~cacia zansibaric~ 

GomMiphora bo~.winian~ 
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Theme·ia triandra 

Sporobolus pyramidolis 

Cymbo~ocon caeGius 

Acaci;:i ~;:uphorhia bushlnnd. \.f of Bnmbo.-Gotani. 

J.lost or this type get.s lens thon Con mm roin :l ye.:.ir. 1Inloph:r~:c?G i1''e 

cxpected in this area bnt are not found. Viest important trer~ Ü>: 

Dobera glabra 

shrubs+treelets: 

:lcacia zanzibaric;) 

A. seyal 

;L. senegal 

Suphorbia tirucallii 
~, 

J~. spp. 

Opunzia sp. 

Commi ~1hora spp. 

Boscia spp. 

Sanseveria kirkii 

~or type 8; 9 ccc parag~aph 2.4.3 
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2.4.3. Small vegetation units with a specific flora 

Kaja'a or aacred forests (unit 4A) 

These kaja's, which are situated mainly on the sandstone 

and the limestone in the southern part of the surveyed area, are 

the only remnants of a formerly closed monsoonforest. In fact it 

is the best developed forest type in our area. lts flora is very 

rich and specific and many endemics can be found there. It is 

because Of this and because of the C~ltural-histori.cal ValUe Of 

these forests that it is worthvile to protect them against fur".· 

ther exploitation. Some interesting and characteristic species 
hav;e been found 

High trees: 

Chlorophora excelsa 

Sterculia apendiculata 

Antiaris toxicaria 

Gyrocarpus americana 

Newtonia paucijuga 

Smaller trees: 

Macrolobium coeruleum 

Cynometra suaheliensis 

Shrubs: 

Memecylon sp. 

Ximenia caffra 

Securidaca longipedunculata 

Dracaona usambarensis 

Monodora grandieri 

Coasta1 vegetation on bare cora1 rock along the coast (unit 9) 

Due to the specific habitat, the flora of these coastal 

rocks is very typical. Many plants with fleshy leaves occur. The 

species composition c~nsists of: 

Sideroxylon inerme asp. diospyroides 

Salvadora persica 

Cynanchum tetrapterum 

Cissus rotundifolius 
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Sphenostylis briartii 

Indigof era cliffordiana 

Cordia somalensis 

Pemphis .acidula 

Azima tetracantha 

Barleria sp. 

Capparis cartilaginea 

Asparagus racemosus 

Portulaca oleracea 

Sesuvium portulacastrum 

Coastal vegetation on sand dunes and beach littoral 

Little recent dunes are only present on a few places,and 

mostly they are overgrown. The leading seaward plant on the beach 

is Ipomoa pescaprae. It is frequently associated with: 

Cyperus maritimus 

Halopyrum mucronatum 

Sporobolus virginicus 

Lepturus repens 

Zaleya pentand.ra 

Bebind this zone we can find: 

Scaevola plumieri 

s. taccada 

Tephrosia noctiflora 

Cordia subcordata 

Dodonaea viscosa 

Atriplex farinosa 

Cistanche tubulosa 

Wedelia sp. 

In the real dunes again other plants will occur,for instance: 

Hyphaene parvula 

Casuarina equisetif olia 

Flacourtia indica 

Ehretia petiolaria 

Croton sp. 

Maytenua senegalensis 

Crotalaria sp. 
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Mangrove foreste and swamps (unit 8) 

The major mangrove stands occur at Mtwapa-, Tudor-, and 

Kilifi creek.There are only few species which form dense mangrove 

forestsJthe most important ones are: 

Rhizophora mucronata 

Avicennia marina 

Sonneratia alba 

Ceriops tagal 

Bruguiera gymnorrhiza 

Leas important are: 

Lumnitzera racemosa 

Xylocarpus benadirensis 

At the border of the mangrove forest we can find: 

Sporobolus virginicus 

s. kentrophyllus 

Hibiscus tiliaceus 

Suaeda monoica 

Vegetation on the present coastal platform,subject to tides 

A characteristic feature of tropical coasts is the abundan~ 

ce of marine angiosperms , the so-called "sea grasses". Along the 

coast these marine angiosperms are represented by three families: 

Potamogetonaceae 

Hydrocharitaceae 

Zosteraceae 

Ot the first family there are six species registered along the 

Kenyan coast. The most important ones are Cymodocea ciliata and 

c. rotunda. or the second family are five species known of which 

the most abundant one is Thalassia hemprichii. The third one is 

in tact a family of the temperate zones. Here it is only repre

sented by one species 9Zostera capenais. The marine angiosperms 

form a big part of the total biomass in the ocean along the coast. 

The real sea-veeds (Algae) however,show a greater amount of dif

ferent species. They belong to the Phaeophyta ("brown sea-weeds") 

Rhodophyta ("red sea-weeds") and the Chlorophyta ("green sea

weeds"). The Chlorophyta seems to be in the majority. 
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. 
Most of the sea-weeds and al.so marine angiosperms are attached 

to rocks, but some appear al.so on sand,e.g. Hal.omeda macroloba. 

2.4.4. Landuse and erop pattern 

In anticipation of a final vegetation and landuse map on 

scale 1: 100,000 (see draft legend in section 2.4.2.) a des

cription will be given on landuse and erop pattern within each 

·;'egetatioli zone. 

Zones 1, 2, 9 and 10 öOmbined 

The landuse of these zones can be diff erentiated on basis 

of soil depth. On the very shallow soils overlying the coral 

limestone, close to the Ocean (zone 2), only a few fields occur 

with maize,. cassava and covpeas generally mixed together in one 

field. Also some fields with tobacco were observed in this area. 

However, most of the iand is covered with bush and is used for 

extensive grazing. 

On the deep and very deep soils more inland (zone 1) the 

landuse is much more intensive. Two main types of land can be 

distinguished there. The landuse with treecrops and that with 

f oodcrops. Caabew and coconut are the dominant treecrops in this 

zone and to a lesser extent mango and a few citrus. Often these 

trees are planted togèther in one fielä• Generàl.ly, thè foodèrops 

are grown in one field together with the treecrops. The main 

foodcrops (subsistance farming) are maize, cassava and cowpeas 9 

grovn together with simsim and some crops of minor importance, 

including bananas, vegetables, pigeon peas, pineapple, sweet po

tatoes in a mixed cropping system. The maize is planted in the 

beginning of the long rains (March) and in this zone sometimes 

during the short rains in october. Planting time is often spread 

over a longer period, giving an irregular stand of the maize,and 

yields are, especially, the ones of the short rains, low to very 

low. The simaim (mainly grown as a cash erop) is sometimes inter

planted vith the maize during the long rains, but mostly planted 

after the maize harvest or during the ripening stage of the maize. 

A rotation pattern is mostly absent ; maize is planted every 

year, but some farmers have a sort of rotation pattern with other 
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crops. Very often the fields are abandoned after 4-6 years of 

cultivation, and the farmer is leaving this part fallow for seve

ral years. Most of the farmers have some goàts and chicken, and 

sometimes one or more cows. The landuse around Mtwapa is dif

ferent from the rest of this zone. Here more clayey soils occur 

and ban&.llas and rice are also important crops; the close dis

tance to the Mombasa market plays also an important role. Zones 

9 and 10 have no agricultural significance. 

The landuse of zone 3 is completely different compared to 

the coastal zones. Most of the land is used for extensive·gra

zing, with goats and covs. However,especially in the southern 

part,there are some fields with maize and cassava. Occasionally 

cotton is grown as well. With the introduction of a tractor in 

the area the number of the maize plots (single stand or together 

with cotton) is increasing, and even during the short rains these 

plots seem to give a rather good yield. 

Zones ~ and 6 are very important agricultural zones, es

pecialiy zone ~. Here coconut is the main treecrop, often mixed 

with cashew, mango and citrus, while in the north you can ~tnd 

more caehev. Food crops are moatly planted in a mixed cropping 

system as .vell as under the coconut trees,as on special plots. 

In general, in this area maize is planted twice a year. !ha crops 

ar"' mostly the same as in zone 1.A. tew Bixa trees occur in this 

area. Compared to the coastal zones, the farmers have generally 

more livestock, including cows. 

ln this zone about ten % of the coconut trees are tapped in order 

to obtain toddy (palmwine), which is sold loèally to middlesman 

who transport it to Mombasa and Voi. Going northwards in zone 4, 
the climate seems to become drier because agriculture is leas 

intensive. As said before cashew is the dominant erop; grazing 

increases in this area. 

Zone 5 and .6 begins where the coconuts fail to grow (except 

for eome valleys). Most of the land is used tor grazing (goats 

and cows) while locally the bush is cleared and burned to make a 

plot tor foodcrops (maize, caseava, and peas). Bananas and to

bacco are grown around the scattered houses, as well as sweet 

potatoes. 
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Zone 7 ie a transitional zone to the very poor grazing 

areas west of the Kilifi area. 

2.4.5. List of crops and erop yields 

The f ollowing fieldcrops have been recorded during the 

survey. The list may not be complete 

Maize - Zea mais 

Cassava - Manihot spp. 

Simsim - Seaanum indicum 

Cowpeas - Vigna unguiculata 

Beans - Phaseolus vulgaris 

Pigeon peas - Cajanus cajan 

Grama - Vigna aureus 

Grama Vigna mungo 

Rice - Oryza sativa 

Tobacco - Nicotiana tabacum 

Napier (elephant graas) - Pennisetum purpureum 

Sweet potatoes - Ipomoa batatus 

Sugar cane - Saccharus spp. 

Bananas Musa spp. 

Sorghum - Sorghum vulgare 

Pine apple - Annanos comosus 

Pawpaw - Carica papaya 

Mango - Mangif era indica 

Citrus - Citrus spp. 

Bitter gourd - Momordica charantia 

Tropical spinach - Amaranthus spp. 

do - Phseolus vulgaris 

Tomato - Lycopersicon esculentum 

Onion - Allium spp. 

Pile pile - Capeicum annuum 

Calabash - Gescentia cujete 

Bixa - Bixa annato 

Coconut - Cocos nucif era 

Cashew - Anacardium occidentale 

Kapok - Ceiba pentandra 
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Sisal - Agave spp. 

Paseionfruit - Paseieflora spp. 

Cotton - Gossypium spp. 

Okra - Hybiscus sabdariffa 

Castor - Ricinus communis 

The yields or various erops are very diffieult to obtain, 

but as an example can serve the reeulte for the year 1977, as 

given in the annual report of the Ministry of Agriculturee When 

reading these figures one has to realize that the yields are 

overall yields from the whole Coastal Provinee and that the year 

1977 has been a wet year, with prolongated rains during both the 

short rains period and the long rains period. 

Maize: 800-2800 kg/ha Sweet potatoes: 8-14 ton/ha 

Cassava: 4 ton/ha Bananas: 22-30 ton/ha 

Simsim: 400 kg/ha Pineapple: 22=25 ton/ha 

Cowpeas: 450-600 kg/ha Cashew: 158 kg/ha 

Green grams: 450-600 kg/ha 

Yields for eashew are also calculated and discussed by Prof. 

van Eynatten (1979). The average yields for cashew amounts up to 

450 kg/ha. In years with o?er 1000 mm rainfall 9 the yield of 

caehew deereases enormously, whil0 in drier years the yields are 

relatively high and show a corelation vith the rainfall. 

The eoconut yields are also low, about 30 nuts per tree. 

The copra derived from one nut is about 140 grams. In the whole 

area the combination of coeonut and cashew is very often seen. 

According to Ackland ( 1971) a predator of the coreid bug (Pse~::do

theraptus wayii),next to the Rhinoceroe beetle the most important 

pest in coconut trees, is said to be encouraged by planting of 

cashew or citrus in between the coconut trees. An important fac•" 

tor seems to be the income-insurance of a farmer,by using two 

different crops; while in a dry year the cashew give a good yield 

the coconut will do best after vetter years. The importance of 

these tre~crops is indicated by the following figures: about 33% 
of the cultivated lands in the Kilifi District is used for tree 

crops , and 80% of it is occupied by cashew (40%) and coconut 

(40%). 
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3. Working methods 

4s pointed out in the introduction, this survey was carried 

out to obtain a preliminary soil map of the Kilifi area (Kenya 

Soil Survey mapsheet no. 198) in a short time. The fieldwork took 

6 weeks only. The working methode of survey and map compilation 

therefore are by no means representative fora regular 1:100,000 

soil survey according to the Kenya Soil Survey standards. 

3.1. Office methode 

The entire area was studied by means of streoecopic ana

lysis of aerial photographs at scale 1:50,000 in the Netherlands, 

prior to the fiel4!work. This was done by studente, participating 

in a photo-interpretation course, who had not seen the area. 

Their "photo-interpretation maps f or soil surveying purpos_es " 

and accompanying·legend served as a reference only, and proved to 

be of little help in the field. During the soil survey however, 

aerial photo-interpretation was intensively practised by the 

surveyors, however always in combination with fieldwork. The pre

liminary soil boundaries were plotted first with coloured pencil. 

on the photographs and then,with ink onto non-coloured copies 

of the topographic mapsheets. After a field•check, the boundaries 

were plotted on transparent films. 

3.2. Field methods 

The fieldwork was carried out by three Dutch students and 

two Kenyan field assietants operating in small terrain vehicles 

(Suzuki 4wh). As most roade and tracks run parallel to the coast, 

and only ~ few perpendicular to it, the survey was carried out in 

two stages: first the coastal strip, 10 km wide and 50 km long, 

( about 50,000 ha~,east of the shale belt, and second the hinter

land,including the shales (about 150,000 ha). Each stage took 

about three weeks fieldwork, because the hinterland is less com

plicated than the coastal strip and because the surveyors became 

more experienced with the tÜ!.e. In the second stage the base camp 

was put at Kaloleni to save time and transport. The soil was stu

died mainly by means of augerings (total about 800) and soil pits 
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(total 27). All soil pits were described, but only ten were sam

pled for soil analysis by the NAL in Nairobi. Resu1ts are not yet 

available. 

3.3 Laboratory methoda 

As no analysis data are available yet, no details on 

laboratory methode will be given in this report. 

3.4. Cartographic methods 

The soil boundariee, major topographic features and con

tour lines at interval& of 200 ft were copied from the field

sheets (1:50,000) onto two separate transparent maps (Herculene 

drafting film) • These maps were reduced by photographic means 

to scale 1:100 9 000 at the Kenya Soil Survey in Nairobi, and as

sembled to one map. This assembly was multiplied by photo-print •. 

A schematic croasection was compiled from soil-, topo

graphic -, and geological data directly at the published scale 

(Appendix 3). 
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4. The soils 

4.1. Introduction 

With reference to the general introduction, it bas to be 

emphasized again that this report is one of a preliminary Soil 

Survey. This chapter on the soils should therefore be regarded 

as tentative. However, the adopted methodology for legend con~ 

struction as well as the soil descriptione are all according to 

KSS .directives (eee KSS Internal Communications nos. 13 and 17). 

The soils were classified according to the FAO/U'nesco 

(Soil Map of the World legend) as well as to the US Soil Taxonomy 

system. This also was a tentative effort, based on estimates, be

cause chemical analysis results are not yet available. 

Soil fertility aspects and land evaluation are subjecte 

which have not been discussed at all in this chapter, because 

a lack of data so far. Their treatment will certainly be covered 

extensively in the final report. 

The legend of the soil map can be f ound on the map which 

ia Appendix 1 to this report. The soil profile descriptione 

of representative profiles are Appendix 2. Ten of these profiles 

are sampled, and vill be ana1ysed by the National Agricultural 

Laboratories (NAL) in Nairobi, in cooperation with the Kenya Soil 

Survey. 

4.2. General characteristics of the soils 

The soils of the Kilifi area differ widely in depth,texture 

physical and chemical properties, mainly due to differences in. 

parent material (see section 2.3.). Moreover, soil forming fac

tors like climate, topography and time play an important role. 

The area can be divided in three main phyaiographic units: 

- the Coastal Plain 

the Coastal Uplands 

- the Erosional Plain 

the Coastal Plain 

The soils of the Coastal Plain can be subdivided in 
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1. Soils developed on coral limestone ( unita PL 1- PL 2 ) 

They are generally well drained and of loamy sand to sandy 

clay texture. The soils range from shallow te deep 9 'but are never 

very deep. Soil depth differs significantly over Telative short 

distancee, mainly due to the original relief of the coral lime

stone itself. The soils are considered being developed from the 

coral rock, though allochtone sand ad.mixtures may ha present. 

pH - measurements in the field ~v means of Hellige pehameter 

·•ndic.ated values of 5 -5,5 which is lower tban might be expected" 

2. Soils developed on coastal sands (Kilindini sands), 

(units PA 1 - PA 2) 

They are also ~ell drained and generally very deep. The 

PA 1- units are sandy to sand.y loamy and are subdivided on account 

of their colour. The PA 2• units have a sandy clay loam subsoil 9 

vhile the PA}-units, that mainly occur in the southeastern part 

(Vipingo mapsheet) have a aandy clay subsoil, wh~le their drain

age conditions may vary from well drained to poorly drained in 

places vhere seasonal flooding occurse A large part of the soils 

bas . vell defined reddish colowrs, owing to their n pre-weathered" 

origin. As explained in aection 2o3.4 9 the coastal sands are 

partially derived from the hinterland (Magarini sands). This also 

accounts for the low chemical fertility of the soils. The clayey 

soils have poor physical properties, resulting in a poor work

ability. Generally profile development and horizont differenti

ation increase in western direction 9 analogue with the different 

coastal levels. 

the Coastal Uplands 

The soils of the Coastal Uplands also vary considerably. 

They can be grouped 9 according to their parent material: 

1. Soils developed on Magarini sands (units USm 1 - USm 3) 

They are excessively drained to well drained very deep 

soils with a sandy clay loam subsoil Ion the higher topographi

cal positions ; USm 1) to sandy clay subso:Ll (on the lower partG; 

USm 2). Their physical properties are qui te favourable, but chemi-
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cally , they are poor. The strongly weathered parent material was 

derived from weathered sandstones in th~ hinterland ( Duruma 

Sandstone series and Basement Complex); besides these soils are 

subject to weathering since .l~ate-:i'liocene times, thus being the 

"oldest" soils in the surveyed area. In spite of their dusky red 

colours bowever, the total amount of iron seems to be low. The 

iron is mainly concentrated as cutans around the single sand 

grains. The USm 3- unit comprises the bleached sands. These sands 

seem to be subjected to intenaively podsoliaation processes. 

Locally some thin clay-lamellae occur, indicating recent clay 

illuviation. On other places, mainly small depressions, a slight

ly indurated iron bank can be seen. 

2. Soils developed on Jurassic shales (units UT 1- UT 2) 

These are very heavy clay soils; the higher parts are deep 

to very deep in the southernmost part of the area, and moderately 

deep in the stronger diasected northern area. On the slopes the 

soils are shallower. The valleybottoms are put in a separate 

physiographical group. Due to their heavy texture and their poor 

physical properties water penetrates very slowly in the subsoil. 

On the other hand, although we cannot confirm, their chemical 

properties seem rather favourable. Tillage is difficult on these 

soils and there is a rather high susceptibility to gully erosion, 

especially where tbere is no closed vegetation cover; surface 

runn-of vill then be much during rain. 

Several hilltops are covered vith Magarini sands; they are culti.

vated far more intensively than the lowlying surroundings. Also 

remnants of these sands (ferruginous gravel) are found in some 

shale pro!iles. 

3. Soils developed on Kambe limestone (units UL 1- UL 2) 

These are well drained, generally very deer"'' redt sil ty 

clayey to clayey soilSwith reasonable physical and chemical pro

perties (UL1 ). Many soils have sand admixtures of a former 

Magarini sandcover or Mazeras colluvium. Such soils are sandy 

clayey, while remnants, like ferruginous gravel are found in the 

profiles sometimes (UL 2 ) • A remarkable feature in the landscape 

is the occurrence of karstic limestone outcrops, which restricts 
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tillage somevhat. 

4. Soils developed on Mazeras sandstone (units USa 1- USi 3 ) 

There is a great variation in the soils on the Mazeras 

sandstone. On the steeper slopes in the southern part and to 

a larger extent in the northern area the soil depth ranges from 

shallow to very deep and ~enerally coarse sandy soile (USs 1). 

North of Kaloleni soil profiles grade !rom a loamy sand topsoil 

to a sandy clay subsoil on the upperslopes and plateus; the 

middle slope profiles have been truncated, so they have a sandy 

clay loam topsoil which may give rise to surface sealing and 

erosion, but from agricultural point of view these soils seem 

physically and chemically not too bad ( USs 2 ) • 

U.Ss 3 contains heavy clayey soils wi th the same properties and 

hence the same agricultural restrictions as the Jurassic shales. 

5. Soils developed on Mariakani sandstone (USK 1 - USK 4 ) 

On the Mariakani sandstone four different soila have 

been distinghuished. USK 1 covers a large part of the northern 

area. These very deep, well drained soils are developed in medium 

to fine grained sands with a very low clay content. USK 2 contains 

the aoils vith a sandy loamy or somewhat heavier subsoil,mostly 

with a porous massive, strongly coherent structure. USK 3 contains 

the sandy profiles that are rather abruptly overlying sandy loam 

to clay, e.g. at the brink of the escarpment to the erosional 

plain. These soile have somewhat better moisture conditions than 

the sandy soiis of USK 1 • The small USK 4 unit comprises shall<?v 

to moderately deép sandy or clayey soi1s overlying Mazeras ss.nd

stone. 

the Erosional Plain 

These soils have a completely different history. The sandy 

and clayey soils are developed on Pleistocene bay sediments. 

A distinction is made between tbree units, excessively to imper

fectly drained. PO 1 are sandy soils, non saline. Probably these 

soils have been saline in the past, but due to their sandy tex

ture the ealts could easily leach out. 
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PO 2 are soils wi tb a fine sandy topsoil on sandy clay loam to 

clay, wi th a strongly saline and sodic subsoil. PO J , the real 

plain soils consists of cracking clay, in which sometimes a 

calcic horizon has been formed, occasionally underlying a shallov 
-

sandy loàmy topsoil. Due to the presence of significant amounts 

salts and a Na-dominated adsorption complex, these sqils are at 

the moment totally unproductive; only aalt tolerant vegetation 

survives. 

4.3 Description of mapping units 

PL 1 -
Parent materiml: 

Relief: 

Vegetation/landuse: 

Soils: 

Colour: 

Texture: 

Structure: 

Soil classification: 

PL2 -
Parent material: 

Relief: 

Vegetation/landuse: 

Coral limestone 

Flat to gently undulating 

Most Lantana bush, with some fields of 

foodcrops,extensive grazing 

The soils are well to excessively 

drained;generally very shallow to mode~ 

rately deep, overlying coral limestone 

Topsoil: dark reddish brown (5YR3/2,3/3) 
to dark brown (7.5YR 3/2) 

Subsoil: yellovish red (5YR 5/6, 5/8) 
Topsoil:loamy sand 

Subsoil: loamy sand to sandy loam 

Generally moderate to medium subangular 

and angular blocky 

FAO: Lithosols 

USDA: lithic Ustorthent 

Coral limestone 

Very gently undulating to gently undu

lating with some depressions 

Smallholder rainfed arable farming with 

coconut and cashew as main tree crops, 

and maize,cassava and peas as the main 

foodcrops 



Soils: 

Colour: 

Texture: 

Structure: 

Consistence: 

Soil classification: 

Inclusions: 

PA 1.1. 

Parent material: 

Relief: 

Vegetation/1anduse: 

Soils: 

Colour: 

Texture: 
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Some coconut plantations. Natural vege

tation is bushland 

Well drained, moderately deep to deep, 

strongly weathered soila, few thick clay 

skins are observetl in the subsoil 

Topsoil: dark brovn to brown (10YR 4/3, 
3/3) or (dark)brown (?.5YR 3/2,4/2,5/4) 
Subsoil: yellowish red (5YR 5/6,5/8) 
Topsoil: eandy loam 

Subsoil: sandy clay loam to sandy clay 

Medium to very coarse subangular and 

angular blocky in subsoil;sometimes a 

weak prismatic structure. 

Slightly hard to hard when dry,friable 

when moist, and slightly sticky and 

slightly plastic when wet 

FAO: ferric Acrisol 

USDA: typic Rhodustult 

On some places the coral limestone is 

very near to the surf ace 

Coastal sands 

Flat to gently undulating 

Perennial erop cultivation (cashew) and 

shifting cultivation of annual crops 

(maize,cowpeas) and semi-annual crops 

(cassava) 

generally well drained very deep,bleach

ed,rapidly permeable soils;clay fibers 

and some eluviation of sesquioxydes 

occur occ~ionally 

Topsoil: brown (10YR 5/3) 
Subaoil: reddish yellow to yellov 

(10YR 7/6 - ?.5 YR 7/6) 
Topsoil: sand, subsoil: sand to loamy 

sand 



Structure: 

Consistence: 

Classification: 

PA 1.2. 

Parent material: 

Relief: 

Vegetation/landuae: 

Soils: 

Colour: 

Texture: 

Structure: 

Consistence: 

Soil classification: 

Inclusions: 

PA 1.3 

Parent material: 

Relief: 

Vegetation/landuse: 

Soile 
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Porous massive, weakly coherent to 

structureless 

Loose when dry and moist,non sticky and 

non plastic when wet 

FAO: albic and luvic Arenosol 

USDA: ustoxic Quartzipsamment 

Coastal sands 

Very gently undulating 

Smallholder rainfed arable farming with 

coconut and cashew as main tree crops, 

and maize, cassava and cowpeas as main 

f oodcrops 

Excessively vell drained soils, deep to 

very deep, rapidly permeable,and gradual 

transitions between soil boundaries 

Topsoil: reddish brown (5YR 4/3,4/4) 
Subsoil: 7ellowish red (5YR 5/6,5/8) 
Topsoil:loamy sand 

Subsoil:loamy sand to sandy loam 

Porous massive to veak fine subangular 

blocky,veakly coherent 

Soft when dry,very friable when moist, 

non sticky and non plastic when wet 

FAO: ferralic Arenosol . 

USDA: ustoxic Quartzipeamment 

Some moderately deep soils 

Coastal sands 

Undulating 

Most of these soils are part of the Vi

pingo Sisal Estate or are in use by the 

Coastal Agricultural Research Station 

Excessively to vell drained,rapidly per

meable, very deep soils 



Colour: 

Texture: 

Structure: 

Consistence: 

Soil classification: 

PA 2.1 

Parent material: 

Relief: 

Vegetation/landuse: 

Soils: 

Colour: 

Texture: 

Structure: 

Consietence: 

Classification: 

PA 2.2 

Parent material: 
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Topsoil: brown,dark yellowish brown to 

yellowish brown (10YR 4/3,4/4,5/6) 

Subsoil: yellowish brown (10YR 5/6), 

sometimes strong brown (7.5YR 5/6,5/8) 

Topsoil: sand (M 210-300 um) 

Subsoil: sand to loamy sand 

Very veak angular blocky structure 

Soft when dry,very friable when moist, 

non sticky and non plastic when wet 

FAO: cambic Arenosol 

USDA: ustoxic Quartzipsamment 

Coastal sands 

Flat to gently undulating 

Perennial erop cultivation (coconut, 

cashew) and shifting cultivation of 

maize, cassava and simaim 

Well drained,very deep, strongly weath

ered soils,thin clay skins in subsoil 

Topsoil: brown to dark brown(?.5YR 5/6, 

3/2); subsoil:light red to yellowish red 

(5YR 5/6,2.5YR 6/6) 
Topsoil:loamy sand to sandy loam 

Subsoil: sandy clay loam 

Topsoil: weák,fine to mediuuî,subangular 

to angular blocky; subsoil: porous 

massive, moderately coherent 

Slightly hard to hard when dry,friable 

to firm when moist,slightly sticky and 

slightly plastic when wet 

FAO: dystric Nitosol 

USDA: oxic Paleustult 

Coastal sands 



Re liet: 
' 

Vegetation/landuae: 

Soils: 

Colour: 

Texture: 

Structure: 

Consistence: 

Soil classification: 

PA 3.3 

Parent material: 

Relief: 

Vegetation/landuse: 

Soils: 

' 
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Flat to undulating 

In the southern part intensively culti

vated but in the northern part less in

tensive smallholder rainfed arable 

farming.Treecrops:coconut,cashew,mango 

and ei trus; foodcrops/~:a.shcrops: maize, 

cassava, cowpeae • ba:î,lanas • simsim 

Well drained,very deep,strongly weather

ed profiies, with few thin clay skins in 

the lower part of the B horizon,clear 

smooth and gradual boundaries between 

the soil horizons 

Topsoil: dark brown to brown (10YR 3/3, 
5/3 and 7~5YR 3/4); subsoil:yellowish 

brown to strong brown (10YR 5/6;7.5 YR 

5/6) sometimes up to yellowish red 

(5YR 4/6) 

Topsoil: loamy sand to sandy loam 

Subsoil: sandy clay loam,sometimes 

sandy clay 

Nedium to coll.tJ:~e, modcrately and strong 

subangular blocky grading to porous mas

si ve 

Slightly hard to hard when dry,firm to 

friable when moist,slightly sticky and 

plastic when wet 

FAO: dystric Nitosol 

USDA: oxic Paleustult 

Coastal sands 

~.Jndulating 

Smallholder rainf ed arable farming 

Moderately well to well drained, very 

deep soils; mostly a distinct ABC pro -

file with sometimes some waterstagnation 

on the slowly impermeable B horizon 



Colour: 

Texture: 

Structure: 

Consistence: 

Soil classification: 

PA 3.1 

Parent material: 

Relief: 

Vegetation/landuse: 

Soils: 

Colour: 

Texture: 

Structure: 

Consietenee: 

Classification: 

PA 3.2 

Parent material: 

Relief: 
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Abundant, moderately thick clay skins 

and humus coatings in the B2 horizon 

Topsoil:very dark grey to very dark red

dish brown (10YR 3/1, 3/2) 

Subsoil: yellowish brown to brownish 

yellow (10YR 5/6, 6/6) 
Topsoil: loamy sand 

Subsoil: sandy clay to clay 

Medium to coarse, subangular and angu

lar blocky5 in the B2 coarse prismatic 

moderately developed structure 

Friable to firm when moist, non sticky 

and non plastic (topsoil);sticky and 

plastic in B2 

FAO: dystric Nitosol 

USDA: oxic Paleustult 

Coastal sands 

Flat to very gently undulating 

Shifting cultivation of annual crops 

Well drained, strongly weathered, very 

deep soile,clay skins in subsoil 

Topsoil: dark brown (7.5YR 3/2, 4/2) 
Subsoil: red (2.5YR 3/6, ~/7) 
Topsoil: loamy sand 

Subsoil: sandy clay loam to clay 

Porous massive,strongly coherent 

Hard when dry,friable when moist, slight

ly sticky and plastic subsoil when wet 

FAO: dystric Nitosol 

USDA: rhodoxic Paleustult 

Coastal sands 

Flat to very gently undulating 



Vegetation/landuse: 

Soils: 

Colour: 

Texture: 

Structure: 

Consistence: 

Claseification: 

PA 3.4 

Parent material: 

Relief: 

Vegetation/landuse: 

Soils: 

Colour: 

Texture: 

Structure: 

Consistence: 

Classification: 

PA 3.5 

Parent material: 

Relief: 
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Perennial erop cultivation (mango,cashew) 

and semi-annua1s (sisal) 

Well drained, very deep soils; thin clay 

skins in subsoil 

Yellowish red to brown ( 5YR 5/6-7.5YR 

4/2) 
Sandy clay loam to clay 

Medium angular blocky to porous massive, 

moderately coherent 

Hard when dry,friable to firm when moist 

slightly sticky and plastic when wet 

FAO: ,dystric Nitosol 

USDA: oxic Paleustult 

Coasta1 sands 

Flat to very gently undulating 

Shifting cu1tivation of annual cropa/ 

perennials (mango,cashew) 

Moderately well to imperfectly drained, 

very deep soils, few faint to distinct 

mottles 

Yellowish brown (10YR 5/4,5/6) to dark 

brown (10YR 3/3, 7 •. 5YR 3/3) 
Sandy clay to c7~y 

Moderate, medium subangular to angular 

blocky;in places porous massive 

Slightly hard when dry,friable to firm 

when moist,slightly sticky and plastic 

when wet 

FAO: dystric Nitosol 

USDA: oxic Paleustult 

Coastal sands 

Gently undulating 



Landuse/vegetation: 

Soils: 

Colour: 

Texture: 

Structure: 

Consistence: 

Classification: 

lnclusions: 

PA 3.6 

Parent·material: 

Re lief: 

Vegetation/landuse: 

Soils: 

Colour: 
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Bushland,the lands are used for small

holder arable farming;also bananas take 

an important place in the f arming system 

lmperfectly drained, very deep soils, 

common and many, medium, faint mottling, 

broken to continuous,moderately thick 

clayskins in the B2 horizon;some small 

manganese concretions in B2 horizon 

Topsoil: dark grey (10YR 4/1) to clark 

reddish brown (10YR 4/2) 
Subsoil: dark brown to colours 10YR 3/3 
Topsoil:sandy lown 

Subsoil: steadily increasing to sandy 

clay and clay 

Subangular to angular blocky, mostly 

coarse and moderate 

Friable vhen moist, wet consistency 

ranging from non sticky and non plastic 

in topsoil to sticky and plastic subsoil 

FAO: dystric Nitosol 

ï1SDA: aquic Paleustul t 

Some poorly drained soils on lover 

spots, too small to map separately 

Coastal eands 

Flat to very gently undulating;depression 

Grassland, used for extensive grazing, 

some arable land 

Poorly drained, very deep soils, with 

pronounced mottling throughout the vhole 

profile 

Topsoil: very dark gray to very dark 

grayish brown (10YR 3/2, 3/1) 
Subsoil:dark yellowish brown to yellow

ish brovn (10YR 4/4,4/6,5/4 95/6) 



Texture: 

Classification: 

usm 1 

PQrent material: 

Reliet: 

Vegetation/landuse: 

Soils: 

Colour: 

Texture: 

Structure: 

Consietence: 

Claesification: 

USm2 

Parent material: 

Relief: 

Vegetation/landuse: 

Soils: 

Colours: 
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Topsoil:sandy clay 

Subsoil: sandy clay to clay 

FAO: dystric Gleysol 
USDA: typic Tropaquept,tropic Fluvaquent 

medium grained,red sands; Magarini sands 

Gently undulating 

Shifting cultivation of annual and per

ennial crops;grazing 

Well drained, very deep, strongly 

weathered soils, common manganes and 

few ironconcretions throughout the pro

file 

Topsoil: dark red (2.5YR 3/6,10R 3/6) 
Subsoil: dark red (10R 3/6) 
Sandy loam to sandy clay loam 

Weak, medium, subangular blocky 

Soft when dry, very frai~le when moist, 

non sticky non plastic when wet 

FAO: rhodic Ferra).sol 

USDA: typic Haplustox 

Medium grained,red sands; Magarini sands 

Gently undulating to rolling 

Natural vegetation (Junju·Kaya forest) 

is lowland semideciduous tropical rain 

forest. Most of the lands are very in

tensively cultivated with annual en 

perennial crops; grazing 

Well drained, very deep, strongly 

weathered soila, individual sandgrains 

coated with Mn and Fe 

Topsoil: dark reddish brovn (5YR 3/2, 

3/3) to very dusky red (2.5YR2/2) 

Subsoil: dark reddish brown (2.5YR 3/4) 



Texture: 

Structure: 

Consistence: 

Classificat ion: 

USm3 

Parent material: 

Re lief: 

Vegetation/landuse: 

Soils: 

Colour: 

Texture: 

Structure: 

Consistence: 

Classification: 

UT 1 -
Parent material: 

Re lief: 

Vegetation/landuse: 

Eros ion: 
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to dusky red (10R 3/2) 
Topsoil: loamy sand to sandy loam 

Subsoil: sandy clay loam to sandy clay 

Moderate 7~edium to coarse angular and 

subangular blocky 

Slightly hard when dry, friable when 

moist, slightly sticky and slightly 

plastic when wet. 

FAO: dystric Nitosol 

USDA: rhodoxic Paleustult 

Medium grained sands; Magarini sands 

Very gently to gently undulating 

Shifting cultivation of annual and :'?r

ennial crops; grazing 

Well to moderately well drained,strongly 

weathered, very deep, bleached soils 

Light olive brown (2.5Y 5/4, 5/6) to 

grayish brown (10YR 5/2) 
Sand to s.o..ndy loam 

Weak, medium, subangular blocky 

Soft when dry, very friable when moist, 

non sticky and non plastic when wet 

FAO:albic and ferralic Arenosol 

USDA: ustoxic Quartzipsamment 

Jurassic shales 

Undulating to rolling; locally hilly 

Manilkara-Acacia cultivated savannah; 

bushed grassland, used for extensive 

grazing; some scattered fields with 

maize mixed with cotton and simsim 

When the natural vegetation is removed 

the soils are very susceptible for gully 

eros ion 



Soils: 

Colour: 

Texture: 

Structure: 

Consistence: 

Soil classification: 

Inclusions: 

UL 1 -
Parent material: 

Relief: 

Moderately well to imperfectly drained, 

shallow to very deep soils.The soils . 

have generally an ABC profile.Soils on 

top of small plateaus are moetly very 

deep, have abundant.slickensides,broken 

clay skins and large cracks; soils on 

the slopes lack vertic properties, have 

a weaker developed ABC profile, and are 

shallow to modearately deep. 

Mottling due to waterstagnation occurs 

in most profiles; some profiles contain 

f erruginous graTel in the topsoil 

Topsoil: ~(!!!"~ da1°k grey, ver;r dark g;;-·ay

ish brown to clark brown (10YR 3/2, 3/3) 
Subsoil: clark brown to yellowieh red 

(10YR 4/4, 7.5YR 4/4, 5YR 4/5) 
Near the contact with the shales colours 

tend to olive yellow (2.5Y 6/6) 
Heavy clay 

Moderate to strong, medium·to coarse, 

angular blocky; moderate coarse priema

tic structure in B horizon 

Very hard to extremely hard when dry, 

firm to very firm wheF moist, very 

sticky and very plastic when wet 

FAO; eutric Cambisol, chromic Luvisol, 

chromic Vertisol 

USDA: udic Ustochrept, udic Rhodustalf, 

typic Chromustert 

Soils with a Magarini sand cover,well 

over 2 m deep; too small units to be 

mapped at1:100,ooo 

Kambe·limestone 

Undulating to hilly on transition to the 

Jurassic shales 



Vegetation/landuse: 

Erosion: 

Soile: 

Colour: 

Texture: 

Structure: 

Consistence: 

Classitication: 

UL 2 -
Parent material: 

Helief: 

Vegetation/landuse: 

Erosion: 

Soils: 
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Partly tropical monsoon forest (kaja~s); 

intensively cultivated area: coconut 

mixed with c.asbew , alao citrus and man

go; main food~rop maize 

Soils are generally not very susceptible 

to erosion, except when soil is bare and 

situated on steep alopes 

Well drained, deep to very deep, non

calcareous soils with an ABC profile; 

generally some clay skins in B horizon; 

some profiles contain f erruginous gravel 

in the topsoil 

Topsoil: dark reddish gray to dark red

dish brown (5YR 4/2, 3/2, 3/3,3/4) 
Subsoil: yellowish red to dark red 

(5YR 5/6, 5/8 to 2.5YR 3/6, 5/6 
Topsoil: silty clay loam to clay 

Subsoil: clay 

Moderate to weak, fine angular blocky 

Friable when moist, slightly sticky and 

slightly plastic when wet 

FAO: eutric Nitosol, ferric Acrisol 

USDA: udic Paler-int.alf ,typic Rbodustult 

Kambe limestone with admixtures of Ma

garini sand and erosional products of 

Mazeras sandstone 

Undulating to rolling 

As UL 1 

As UL 1 

Well drained, deep to very deep, non 

calcareous soils, weak ABC profile de

velopment; soils contain 25-?5% ferru

ginous gravel and sandstone boulders 

(5-15 cm);generally some clay skins in 

B horizon 



Colour: 

Texture: 

Structure: 

Consistence: 

Classifica tion: 

USs 1 

Parent material: 

Relief: 

Vegetation/landuse: 

Erosion: 

Soils: 

Colour: 

Texture: 

Structure: 

Consistence: 

Claesification: 
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Topsoil: weak red to dark reddish brown 

{2.5YR 4/2, 3/4 to 10R 4/2, 4/3) 
Subsoil: clark red (2.5YR 3/6, 5/6 to 

10R 4/6, 4/7) 
Topsoil: sandy loam to sandy clay 

Subsoil: sandy clay to clay 

As UL 1 

As UL 1 

il'A<O~ f erri~ Acrisol 

USDA: typic Rhodustult 

Medium to coarse grained sandstone 

{Mazeras sandstone) 

Undulating to ·rolling 

Brachystegia bushed woodland; smallhol

der rainfed arable farming with coconut 

and cashew as treecrops,and maize and 

cassava as main f oodcrops 

Severe on places where the vegetation is 

cleared 

Well drained, moderately deep to ve~y 

deep soils;weak or absent profile de

velopment; no clay skins 

Topsoil: very dark reddish brown,yellow

is red to dark brown {5YR 3/2, 3/4, 
7•5YR 3/2, 10YR 3/3) 
Subsoil: light yellowish brown to brown

ish yellow {10YR 6/4, 7/6) and yellowish 

red {,7YR 5/8) 
Topsoil: sand to loamy sand 

Subsoil: loamy sand to sancq loam 

Very weak, medium to coarse subangular 

blocky,grading to granular structure 

Soft when ~y, very friable when moist, 

non sticky and non plastic when wet 

FAO: ferralic Arenosol 

USDA: ustoxic Quartzipsamment 



USs2 

Parent material: 

Relief: 

Vegetation/landuse: 

Eros ion: 

Soils: 

Colour: 

Texture: 

Structure: 

Consistence: 

Clasaification: 

USs3 

Parent material: 

Relief: 

Vegetation/landuse: 

Soils: 
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Medium to coarse grained sandstone 

(Mazeras sandstone) 

Rolling, locally hill1 

As USs 1 

Moderately susceptible,.depending on 

position on slope and landuse 

Well drained, deep to very deep soils 

with ABC profile development;the B hor

izon is very deep extended; soils on 

slopes are generally truncated; 

B horizon contains few, thin clay skins 

Topsoil: dark reddish brown (5YR 3/2,3/4) 
to dark brown (7.5YR 4/4) 
Subsoil: yell.owish red to red (5YR 4/6, 
5/6 to 2.5YR 4/6, 5/6) 
Topsoil: loamy sand to sandy loam, with 

distinct transition to 

Subsoil: sandy clay 

Medium, moderate subangular and angular 

blocky; topsoil has fine to medium gra

nu1ar structure 

Slightly hard to hard when dry,friable 

when moist, slightly stickj' and plastic 

in subsoil when vet 

FAO: dystric Nitosol 

USDA: oxic Paleustult 

Salty brown clays 

Gently undulating to rolling 

Wooded bushland 

Moderately vell drained, very deep soils 

moderately to strongly affected by salts 

in places strongly calcareous subsoil, 

abundant intersected sliekensides, fre
,quent manganese concretions 



Colour: 

Texture: 

Structure: 

Conisistence: 

Classification: 

USK1 

Parent material: 

Relief: 

Vegetation/landuse: 

Erosion: 

Soils: 

Colour: 

Texture: 

Structure: 

Consistence: 

Classification: 

Inclusions: 
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Light olive brown (2.5Y 5/4, 5/6) to 

brown (10YR 4/3, 5/3) 
Heavy cla,-

S trong, medium angular bloclq to coarse 

prisma tic 

Very hard when dr,-,extremely firm when 

moist, slightly sticky and plastic vhen 

vet 

FAO: orthic Soloncbak 

USDA: typic Natrustalf 

Medium to fine grained sands 

(Mariakani sandstone) 

Gently undulating to undulating 

Brachystegia bushed woodland; used f or 

extensive grazing (northern part) and 

annual and perennial crops (southern part) 

Moderate sheet and gully erosion 

Very well drained,very deep,veathered 

soils, hardly any profile development 

Topsoili light ,-ellowish brown (10YR 6/4) 
to dark brown (10YR 3/3) 
Subsoil: light red (2.5YR f.,/6) to brown 

(7 • .5YR 5/4) 
Sand to sandy loam 

Single grain structure to very weak, 

medium subangular blocky 

Slightly hard when dry, very friable when 

moist, non sticky and non plastic when 

wet 
FAO: albic Arenosol 

USDA: ustoxic Quartzipsamment 

In rolling terrain, sandy clay soils 



USK 2 

Parent material: 

Relief: 

Vegetation: 

Eros ion: 

Soils: 

Colour: 

Texture: 

Inclusions: 

Classification: 

USK 3 

Parent material: 

Relief: 

Vegetation/landuse: 

Soils: 

Colour: 

Texture: 

Structure: 
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Fine grained sandstone with shale bands 

(Mariakani sandstone) 

Undulating to rolling 

Tropical monsoon forest;most of the land 

is intensively cultivated; treecrops 

coconut and cashew, foodcrops as maize 

and cassava 

Moderately susceptible to erosion,de

pending on slope and land use 

Well drained, very deep soils,with vell 

developed ABC profile; few clay skins 

Topsoil: dark grayish brown, dark brown 

to dark yellovish brown (10YR 4/2, 4/5) 
Subsoil: strong brown (?.5YR 5/6) to 

yellowish red(5YR 5/6, 5/8) to red 

(2.5YR 4/6) 
Topsoil: loamy sand to sandy loam 

Subsoil: sandy clay loam to sandy clay 

Profile& with sandy loam subsoil · 

FAO: dystric Nitosol 

USDA: oxic and rhodoxic Pa1eustult 

Fine grained sandstone with sha1e bands 

(Mariakani sandstone) 

Gently undulating to undulating 

Bushed grassland; extensive grazing; 

few cultivated plots with maize,cassava 

Moderately well to imperfectly drained, 

very deep soils 

Olive yellow (2.5Y 6/6) to grayish brown 

( 10YR 5/2) 

Topsoil: sand to sandy loam 

Subsoil: sandy clay loam to clay 

Topsoil: granular to weak,fine, 



Consistence: 

Inclusions :. 

Classification: 

USK 4 -
Parent material: 

Re lief: 

Vegetation/landuee: 

Erosion: 

Soils: 

Colour: 

Texture: 

Structure: 

Inclusions: 

Classification: 
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subangular blocky 

Subsoil:moderate to strong,coarse, pris

ma.tic structure 

Slightly hard when dry, very friable to 

friable when moist, slightly sticky and 

slightly plastic vhen wet 

Profiles with thick sandy topso~l 

FAO: dystric Nitosol and luvic Arenosol 

USDA: oxic Paleustult and ustoxic 

Quartzipsamment 

Fine grained sandstone (Mariakani sand

stone) 

Hilly 

Tropical moneoon forest;most parts are 

cultivated, mainly coconut 

Due to relief, these soils are very 

susceptible to sheet and gully erosion, 

especially when cultivated 

Well drained, shallow to moderately 

deep, stony soils;weak profile develop

ment 

Topsoil: dark brovn,brown to reddish 

brown (10YR 3/3; 7.5YR 3/2;5YR3/4, 4/4) 
Subsoil: yellowish brown to yellowish 

red and strong browh (10YR 5/4, 5/6; 
7.5YR 5/6; 5YR 5/6, 5/8) 
Topsoil: sandy loam to sandy clay loam 

Subsoil: sandy clay loam to sandy clay 
' 
Subangular to blocky 

Sandy profiles 

FAO: dystric Cambisol, dystric Regosol' 

USDA: lithic Dystropept, - Quartzipsam

ment 



PO 1 -
Parent material: 

Relief: 

Vegetation: 

Eros ion: 

Soils: 

Colour: 

Texture: 

Structure: 

Consistence: 

Classification: 

PO 2 -
Parent material: 

Relief:. 

Vegetation: 

Eros ion: 

Soils: 

Colour: 
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Fine sandy bay sediments 

Gently undulating to undulating 

Acacia bushland; extensive farming 

Very susceptible,especially vhen over

grazed 

Moderately to excessively well drained, 

very deep soila with weak horizon de

velopment;non-calcareoue except for some 

concretions in subsoil;surface sealing 

occura 

Topsoil: (dark) brovn to yellowish brown 

{10YR 3/3, 4/3, 5/4) 
Subsoil: yellowish brown (10YR 5/4, 5/6) 
Topsoil: fine sand 

Subsoil: sand to sàndy loam 

Crumble and weak subangular blocky 

Very hard when dry,very friable to fri

able when moist, non sticky and plastic 

when wet 

FAO: ferralic Arenosol 

USDA: ustoxic Quartzipsamment 

Fine sandy bay sediments 

Gently undulating 

Acacia bushland;extensive grazing 

Severe in case of overgrazing 

Imperf ectly to moderately well drained, 

very deep,moderately to strongly salt

affected soils; abrupt transition to 

B horizon 

Topsoil: dark grayish brown, brovn,dark 

brown (10YR 4/2, 4/4, 5/3) 
Subsoil: dark yellowish brown to yellow

ish brown (10YR 5/4, 4/4 ,5/6) 



Texture: 

Structure: 

Consistence: 

Classification: 

Parent material: 

Relief: 

Vegetation/landuse: 

Erosion: 

Soile: 

Colour: 

Texture: 

Structure: 

Consistence: 

Classification: 
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Topsoil: sand to sandy loam 

Subsoil: sandy clay lo_.n to sandy clay 

and clay 

Moderate,medium angular blocky topsoil 

to strong compound massive structure 

with tendency to break into prisma; 

sometimes columnar 

Hard to very hard when dry,friable to 

very firm when moist, sticky and plastic 

when wet 

FAO: solodic Planosol 

USDA: typic Natrustalf 

Fine sandy and clayey bay sediments 

Flat to very gently undulating 

Acacia buehland; extensive grazing 

very slight 

Deep to very deep, poorly drained soils; 

many faint mottles,long wide cracks; 

moderately to strongly affected by salts 

sometimes a calcic horizon occurs 

Topsoil: dark gray to very dark grayish 

brovn (10YR 4/1, 3/2, 4/2) 
Subsoil: yellovish brown to light olive 

yellow (10YR 5/6; 2.5Y 6/6) 
Topsoil: loamy sand to clay 

··subsoil: heavy clay 

Medium to very coarse angular blocky to 

columnar structure in B·horizon 

Slightly hard to extremely hard when dry, 

firm to very firm when moist, very 

sticky and very plastic when wet 

FAO: orthic Solonchak 

USDA: ustochreptic Calciorthid 



A 

Parent material: 

Relief: 

Vegetation: 

Eros ion: 

Flooding: 

Soils: 

Colour: 

Texture: 

Structure: 

Consistence: 

Classification: 

T -
Parent material: 

Relief: 

Vegetation: 

Flooding: 

Soils: 

Colour: 

Structure: 

Classification: 
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Recent alluvial deposits 

Flat alluvial plain; levees/backswamps; 

gilgai 

Buahed grassland; grazing, small plots of 

cotton and rice 

Nil 

In long rains period 

Imperfectly drained, deep, calcareous, 

cracking clay soils; slickensides through

out whole profile 

Topaoil: brown to darkbrown (10YR 4/3) 
Subsoil: black (2.5Y 3/2) 
Heavy clay 

Topsoil: strong fine subangular blocky 

Subsoil: medium to coarse prismatic 

Very hard when dry, very firm when moist, 

sticky and plastic when wet 

FAO: pellic Vertisol 

USDA: typic Pellustert 

Recent alluvial, ma.rin and organic de

posits ( sandy, clayey and peaty) 

Flat; levees; hummocky (pea't) 

Mainly mangrove; graas in ooastal swamps 

Regularly 

Very poorly drained, deep, sulfuric, un

ripened claya; no profile development 

Black 

Structureless 

FAO: thionic Fluvisols, dystric Histosols 

USDA: Sulfaquept,Sulfihemist 
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4.4~ Note on soil classification 

The soils in the surveyed area were classified according to 

the FAO/Unesco Soil Map of th World legend (1973) and u.s~ Soil 

Taxonomy. Once again must be emphasized that the claseification 

is provisional as no analytical data were available. 

Most of the mapping units in the surveyed area are in fact aseo-

ciations of different soilS For the determination of the 

different eoil8 · _ _ the " diagnostic horizon " concept was fol

lowed. The most important diagnostic horizon in the surveyed area 

is without doubt the argillic B horizon. According to u.s. Soil 

Taxonomy an argillic B horizon is defined as a horizon that con

tains illuviated clay; it bas the following properties 

(sumnarized) 

1. The argillic horizon contains more clay than the eluvial 

horizon and the increase in clay are reached within a vertica1 

distance of 30 cm or lees 

a. If any part of the eluvial horizon has leas than 15 % total 

clay, the argillic horizon must contain at least 3 % more clay 

b. If the eluvial horizon bas more than 15 % and leas than 40 % 
total clay, the argillic horizon must contain at least 1.2 times 

as much clay 

c. lf the eluvial horizon contains more than 40 % tota1 clay, the 

argillic horizon must contain at least 8 % more clay 

2. An argillic horizon should be at least one tenth as 

thick as the sum of all overlying horizons, or it should be 15 cm 

or more thick if the eluvial and the illuvial horizons are more 

than 1.5 m thick. If the argillic horizon ie sand or loamy sand 

it should be at least 15 cm thick; if it is loamy or clayey it 

should be more than 7.5 cm thick. 

3. In structurelees eoils the argillic horizon hae.oriented 

cla1 bridging the sand grains and also in some pores. 

4. If peds are present, and the surface horizon hae more 

than 40 % clay dominated by kaolinite, the argillic B horizon 

should have clay skins on peds and in porea. 
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In the surveyed area, a greater part of the soila have an 

argillic B horizon conaiating of sandy loam to sandy clay loam 

(lesa than 40 ~ clay). Because of this eandy character and the 

dominance of 1:1 lattice clays, clay skins are hardly ever 

vieible. However the clay bulge noraaally meets the requirements 

f or an argillic horizon. The argillic B horizon bas generally 

" oxic " properties, i.e. a low CEC, and a low amount of veather

able minerale. The 'presence of an argillic B horizon though, ex

cludea a classification as Oxyeols. Therefore most of these eoils 

were.classified as Ultisols. The argillic B horizon is generally 

ver7 deep; its clay content does not decrease from its maximum 

amount by as much as 20 ~ througbout 150 cm of the surface. There

fore these soils should then be classified aa Paleustults; accor

ding to the FAO/Unesco legend these soils belong to the dystric 

Nitosols (dystric indicating their low base saturation). 

According to the KSS concept, Nitosols ought to be restricted to 

the clayey soils (see: Michieka et al,1978). This can aleo be 

found in Buringh(1979). In the FAO/Unesco legend 1973, which we 

followed to the letter, hovever, these restrictions are not made. 

In u.s. Soil Taxonomy the Paleustults are not subdivided; 

it is proposed that subgroups should be made, parallel with the 

definitions of the Haplustult subgroups. Hówever, we found a 

further division more or leas parallel with the Paleustalfs more 

satisfactory tor this area. We distinguished: 

1. oxic Paleustult: these soils have a CEC (by NH40Ac) leas than 

24 meq per 100 g clay or a cation retention from NH4c1 lees tban 

12 meq per 100 g ~lay. The argillic horizon has a color hue of 

5YR or yellower in some part, or has a value, moist of 4 or more 

in some part, or hae a value, dry that ie more than one unit high

er than the value moist 

2. rhodoxic Paleustult: these soils are like the oxic Paleustults 

except the argillic horizon has a color hue redder than 5YR in all 

parts, and bas a color value, moist less than 4 and a color value, 

dry that is one unit or leas higher than the value moist 

3. aquic Paleustults: these soile are like the oxic Paleustults 

except they have, within 75 cm o! the eurface mottlee that have 

chroma's of 2 or leas, and the mottled horizon is saturated vith 
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water at some time during the year. 

There are three groups of soils on which problems arise 

with respect to their classification. 

1. Some sandy soils, developed on Mazeras and Mariakani 

sandstone with a sandy loam to eandy clay loam B horizon. In 

these soils the increase in clay content has probably o.nly little 

agricultural significance, but as it generally meets the require

ments for a deep argillic B horizon, these soils ought to be 

classified as Nitosols (see foregoing). According to u.s. Soil 

Taxonomy these soils are classified mainly as oxic Paleustults. 

Possibly the use of an ar'enic subgroup (or arenic-oxic) would 

giTe a better picture of these soils. 

2. Soils developed on the coastal red sands. 

Similar soils in the Kwale area were classified as Acrisols and 

Ferralsols. Despite their oxic properties, most of these soils 

have a well developed deep argillic B horizon (sandy cla7 loam to 

sandy clay). According to the letter of the FAO/Unesco legend 

these soils should be classified as Acrisols ( on the youngest 

marine terraces) and Nitosols ( on the older, higher ones). 
\ 

According to our records Ferralsols proper sense do not occur on 

the coastal sands. This also supports the general concept of 

Ferralsols as being exclusively limited to the stable old land-

scapes. 

Apart trom this, here again, the problem arises that some of the 

soils on the coastal sands are rather light textured and have a 

light textured argillic B horizon. 

According u.s. Soil Taxonomy soils in the coastal zone were main

ly classified as ustoxic Quarzipsamment, oxic-, rhodoxic-, and 

aquic Paleustult. 

3. Soils developed on the Magarini sands. 

On the Magarini sands some Ferralsols occur; they lack the fea

tures of an argillic B horizon, they have a low amount of weather

able minerale, a low CEC and gradua1/diffuse horizon boundaries. 

The Ferralsols seem to be limited to the older (Pliocene) parts 

whereas the younger (Pleistocene; see 2.3.4.) are mainly occupied 

by dystric Nitosols. 
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Here, another theoretical problem arises. Soils developed on the 

Magarini sands are all strongly veathered. Even when they contain 

more than 40 ~ clay, clayskine are rarely visible, despite a 

sometimes marked increase in clay content in the B horizon. 

This results in the fact that any clayey soil in thie material 

stands a better chance to be classified as a Ferralsol than a 

sandy soil. 

According to recent visions on Soil Taxonomy, these strongly 

veathered soils, with an increaee in clay content, represent 

intergrades between Oxysols and Ultisols, and they should be 

classified as Kandiustalfs, Kandiudults and Kandiustults ( in 

accordance with their base saturation and soil moisture regime). 
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Appendix 2 Soil profile descriptions 

Profile descrintion 1 

Observation: 

Unit: 

Provisional soil name: 

Parent material: 

Fhysiography: 

Relief: 

Vegetation/landuse: 

Erosion: 

Suface stoniness/rockines0: 

General groundwater level: 

Slope sradient: 

198/4-.::; l\ilifi District;::~ 

N q5 ?? ~·?om·, 03-n.1-19:_10 .. 
-" • • ••. ' - • r 

PL 2 

l•~i .... i:): chromic J.t1vi .sol 
U.SD 'Î: typic i?hodustul t 

r=; ~~'} r; 
......... 1 ...... 

Coral limestoli.f~ 

tures 
with sand admix-

Coastal plain 

Gently undulating 

Bushland with lantana camara,coconut 
nlantations 

'Jery slip;ht 

Fairly rocky, stony 

Very deep 

Surf ace sealing/crvstinr;/cracking: No s. s; no crustinr;; cracks: .30-l}ncu 
deep, 30-50 cm apart and 3 mm wide. 

Root distribution: 

Draina~e class: 

Human influences: 

Effective soil depth: 

0- ·15 cm 

15- 26 cm 

Most roots in topsoil and common 
roots in subsoil up to rock (Go cm) 
allseizes of roots 

WeJ.l drained (4) 

Clearin~ and burning 

I";oderately deep (.~.o cm 

Ve;~·y dark e;ray ( 10 YRj /1 1.1hen :'10ist, 

10 YH 3 /2 i:1hen dr~'); sanr1y lö;im; r:1oclerc1tc 
medium subnnr;ula!' blocky and ;1:rannl '\r 
structure'; slii';htly hard when dry, friable 
when moist ,=1nd slir:.;htly sticky and sJ.ight
ly plastic w~en wet; very porous; sorne 
charcoal; abrupt and smooth tranGition to: 

Dark redriish brown <5 y11 
3;1.··· 1nd ') Yl{ 

3/2); s~ndy clay loarn; coorse moderat~ 
subanr;ula r blocky structnre; slie;h tly har:1 
to hard when dry, firm when moist; nlastic 
and sli~htly sticky when wet, few very 
fine, fine and coarse nores; muny rnediurn, 
charcoal and small c:·o f ovina clenr and 
srnooth transition to: 



26- 38 cm 

38-So cm 

R 80 

74 

Heddish bro1tm (_5 YR 
4/4 when moist, 5 YR 

4 /6 when dry~; very coarse, strong 
angular blocky structure; slightly har<l 
to hard when dry, firm when moist and 
slightly sticky and plastic when wet, 
very few , thin clay skins, few very fine 
fine and coarse, common medium pores; 
some small q wntz, ( +5~{,) parti cl es; 
cradual and smooth transition to: 

c: 
Yellowish red ( 5 YH · ·

1 /C when moist, 
5 r· 

) 

5 YR •-;8 when dry); sandy clay; roarse 
strong angular blocky to prismatic struc-

ture; sli~htly hard when dry, friable 
when moist, slightly sticky and slightly 
plastic whcn wet, few; thin clay skins; 
only common medium pores, very few of the 
others, some coral stones; abrupt and 
irregular transition to: 

Co ral 



Profile description 2 

Observation: 

Unit: 

Proviaional aoil anme: 

Parent material: 

Physiography: 

Re lief: 

Vegetation/landuse: 

Erosion: 

Surface stoniness/rockineas: 

General gróundwate~ level: 

Slope gradient: 

Surface aealing/cruating: 

Drainage class: 

Effective soil depth: 

0- 22 cm 

22- 47 cm 

47- 74·cm 

75 

198/2-10; Kilifi District; E 5.88.8 
N 95.92.7; 47 m; 10/1/1980 

PA 2.2 

FAO: dystric Nitosol 
USDA: typic Paleustult 

Coastal sands (Kilindini sands) 

Coastal Plain 
Flat (slope class A) 

Grassland underneath perennial erop 
cultivation (mango, cashew, coconut) 

Nil 

Nil 

Deep 

0-2% 

Nil 

Moderately well drained 

Moderately deep 

4 3 Dark brown (10 YR /3 dry, 10 YR /3 
moist); loamy sandy; weak, fine, subangu-·. 
lar blooky structure; slightly hard when 
dry, very friable when moist, non sticky 
and non plastic when wet, few fine and many 
very fine pores; few coarse, medium, fine 
and very fine roots, clear and smooth 
transition to: 

Dark grayish brown (10 YR 5;6 dry, 10 YR 
4;2 moist); loamy sand; weak; fine, 
subangular blocky structure; soft when dry, 
very friable when moist, non sticky and 
non plastic when wet; few fine and many 
very fine pores; few coarse; medium, fine 
'and very fine roots; gradual and wavy 
transition to: 

Yellowish brown (10 YR 5/7 dry,10 YR:
55;5 

moist); sandy loam; moderate, medium, 
angular blocky structure; slightly hard 
when dry, friable when moist, slightly 
sticky and slightly plastic when wet, few 
thin clay skins; few fine and many very 
fine pores; few coarse, fine and very fine 
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roots; clear and smooth transition to: 

c r-
Yell O \ \fÏ S h bMwn (10 Y'.~ °-/7 dry, 10 YP...)/6 
moist); ~andy clay loam; poreus massive . 
structure; stroncly coherent; hard when 
dry, firm when moist, slightly sticky and 
slightly plastic whem wet, few thin clay 
skins, rew thin iron coatings; few fine 
and very fine pores; no roots. 

', 



Profile description 3 

Observation: 

Unit: 

Provisional soil name: 

Parent material: 

Physiography: 

Relief: 

Vegetation/landuse: 

Erosion: 

Surface stoniness/rockiness: 

General i:;roundwater level: 

Slope gradient: 

Surf~ce sealin~/crusting: 

Drainage class: 

Human influences: 

Effective soil depth: 

AP 0- 22 cm 

22-45 cm 

77 

198/2-1; Kilifi District; E ~.94.2; 
N 96.oo.7; 30 m; 16/1/80 

PA 3.1 

FAO: dystric Nitosol 
USDA: rhodoxic Paleustult 

Red JE.goonal deposits (Kilindini 
sands) 

C 1 . 2nd 1 oasta plain, _ evel 

Flat (slope class A) 

Herbs - and grassland/shifting 
cultivation of annual crops 

Nil 

Nil 

Always very deep 

0-2% 

Nil 

Somewhat excessively drained 

Clearing, cultivation 

Shallow 

4 Dark brown (7~5 YR /4 dry and moist); 
loamy sand; porous massive structure; 
slightly hard when dry, very friable when 
moist; non sticky and non plastic when 
wet, few, thin iron coatings; few fine, 
common yery fine pores; few fine and very 
fine roots; abrupt and smooth transition 
to: 

(sample no. 19) 

Dark red (Z..5 YH 
4;6 dry, 2.,5 YR 3 /6 moist); 

sandy clay loam; poreus massive structure; 
sliehtly hard when dry, very friable when 
moist, non sticky and non plastic when 
wet, few, thin ironcoatin~s; common very 
fine pores; few fine and very fine roots; 
clear and smooth transi tion to: 

(sample no 20) 



45- 99 cm 

+ 99-145 cm 

78 

Red <2 • .5 YR 
4;6 dry, 45 YR 4;7 moist); 

sandy clay; porous massive structure; 
hard when dry, friable when moist, slight
ly sticky and plasti~ when wet, common, 
thin ironcoatinr,s; few fine common very 
fine pores; no roots~ diffuse and smooth 
transition to: 

(sample 21 

Red (Z5YR 5/8 dry, 45YR 4/6 moist); 
sandy clay; porous massive structure; 
hard when dry, friable when moist, slight
ly sticky and plastic when wet, common, 
thin ironcoatings; few fine, common very 
fine pores; no roots. 

(sample no.22) 



Profile description 4 

Observation: 

Unit: 

Provisional soil name: 

Parent material: 

Physiography- : 

Relief: 

Vegetation/landuse: 

F.rosion: 

Surface stoniness/rockiness: 

General groundwater level: 

Slope gradient: 
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198/3-14; Kilifi District; E 5.82.2; 
N 95.72.7; 65 m; 11/1/1980 

PA 2.2 
FAO: dystric Nitosol 
USDA:oxic Palestult 

Coastal sands 

Coastai plain, (3rd level) 

Undulating locally rolling 

Bushland, shifting cultivation of 
annual crops, treecrops including 
coconut, cashew,mango and citrus, 
some grazing. 

Slight sheet erosion 

Nil 

Always very deep 

1% 
Surface sealing/crusting/cracking: Few crack$,over 1 m long and 0.3 to 

0.5 cm wide 

Root distribution: 

Drainage class: 

Human influences: 

Effective soil depth: 

0-23 cm 

A12 23-34 cm 

(sample no 42) 

Restricted to upper 60 cm, common 
roots of ~li ~ypes; after 60 cm only 
few roots · 

Well drained 

Clearing and cultivation 

Deep 

Dark brown (10 YR 3;3 when moist, 10 Y: 
5;3 when dry); loamy sand; medium,weak 
subangular blocky and angular Gtructure; 
soft when dry, very friable when moist, 
and non sticky and non plastic when wet, 
very many fine and medium pores; few 

coarse; clear and smooth transition to: 

(sample no. 41) 

Le 
Dark yellowish brown ( 10 YP '/I+ when 

moist, 10 YR 5 /L~ when dry); loamy sand; 
medium, moderate subangular blocky stru
cture; slightly hard when dry, friable 
when moist, and non sticky and non 
plastic when wet, common fine, medium 
moderate and few coarse pores; clear and 
smooth transi tinn to: 



34- 55 cm 

55- 83 cm 

+ 83-150 cm 
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Dark yellowish brown (10 YH 4/4 when 

moist, 10 YR 5/5 when dry); sandy loam; 
medium and coarse, strong subangular 
and .angular blocky structure; hard 
when ~ry, friable when moist, and non 
sticky and non plastic when wet, common 
pores of all types; clear and smooth 
transi.tion to: 

(sample no 43) 

Dark yellowish brown (10 YR 4/6 when 

moist, 10 YR 5/6 when dry); sandy clay 
loam; · coarse moderate _ .angular blocky 
structure;w1th tendency to break into 
prisma; few clay bridges; slightly hard 
when dry, friable when moist, and 
slightly sticky and plastic when wet, 
common fine pores;and few of other sized 
pores; some charcoal, gradual and smooth 
transition to: 

(sample no. 44) 

Yellowish brown to strong brown (10 YR5/~ 
-7.5 YR 5;6 when moist, 10 YR5/S -7.5 YR 
5;8 when .dry); sandy clay loam; coarse, 
moderate angular blocky structure 
with tendency to break into prisms, hard 
when dry, firm when moist and slightly 
sticky and plastic when wet, few fine and 
medium sized pores 

(sample no 45) 

\ 
\ 
\ 
\ 
\ 

\ 
\ 

\ 
\ 
\ 

\ 
\ 
\ 



Profile Description 5 

Obaervation: 

Unit: 

Provisional soil name: 

Parent material: 

Physiography: 

Relief: 

Vegetation/landuse: 

Erosion: 

Surface atoniness/rockiness: 

General groundwater level: 

81 

198/4-1 Kilifi District; E 5.86.!+; 

N 95.71.6;25 m; 11-01-1980 

PA 3.5 

FAO: dystric Gleysol 
USDA: 

Coastal sands 

Coastal plain, depression 

Gently undu.lating 

Bushland, intensively culti~red 
witb cashew and coconut as main tree 
crops, bananas & maize as main food-

Very slight sheet erosion 

Nil 

crops. , 

Depending on time of the year; 
between 200 m and 60 cm (code 2) 

Slope gradient: 0% 
Surface sealing/crusting/crackine: Some cracks, 50 cm long, 15-30 cm 

from each other and 2-4 mm width 

Root distribution: 

Drainage class: 

Human influences 

Effective soil depth 

0-22 cm 

22-46 cm 

. Common roots, of all size, in first 
50 cm very fine and medium roots 
af'ter 50 cm 

Imperfectly drained (code 3) 
Clearing and cultivation 

Generally deep 

Very dark gray (10 YR 3;1 when moist, 10 

YR 4;1 when dry); sandy loam; fine and 
medium, moderate subangular blocky stru
cture; soft.when dry, very friable when 
moist, and non sticky and non plastic 
when wet. Many very fine, fine and medium 
common coarse pores; abrupt and smooth 
transition to: 

Dark brown ( 10 YR 3;3 when moist); with 
common, medium, faint mottling (10 YR 
6/3) 5/4); sandy clay loam; medium and 
coarse, moderate, subangular and angular 
blocky structure; friable when moist, 
slightly sticky and slightly plastic 
when wet, many very fine and fine pores; 
common medium and few coarse, gradual 



46-85 cm 
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and smooth transition to: 
Dark brown to brown (10 YR 4/3 when moist) 
with many, medium, faint mottling (10 YR 
5 3 . /4, /2);sandy clay; coarse, moderate 
angular blocky structure; very firm when 
moist, slightly sticky and plastic when 
wet, breken, moderately thick clay skins; 
very few pores; fewMn concretion (1-3 mm 
in diameter) gradual and smooth transition 
to: 

Dark brown to brown (10 YR 4/3 when moist) 
with many, large faint mottles (10 YR 

5;4, 3;2, 5/6); clay; coarse moderate 
angular blocky structure; firm when moist, 
sticky and plastic when wet, abundant, 

moderately thick clay skins; very few pores 
few Nn concretions (2-3 mm), the yellowish 
mottles spots have a more silty texture. 



Profile description 6 

Observation: 

Unit: 

Provisional soil name: 

Parent material: 

Physiography: 

Relief: 

Vegetation1landuse: 

Erosion: 

Surface stoniness/rockiness: 

General groundwater level: 

Slope gradient: 

83 

198/3-13; Kilifi District; E 5.82.4 
N 95.68.4;30 m; 3- 1-1980 

PA 3.3 
FAO: dystric Nitosol 
USDA: oxic Paleustult 

Lagoonal deposits(Coastal sands) 

Coastal plain 

Undulating 

Bushland, mixed arable farming with 
coconut and cashew as main treecrops 

few foodcrop s 

Very slight to moverate, water 
(sheet) erosion depending of 
position and landuse 

Nil 

Always deep ( 7 120 cm.) 

Top of plateau, with slopes up to· 5% 
eastwards 

Surface sealing/crusting cracking: No ss. ; no crusting; few cracks; 

Root distribution: 

Drainage class: 

Human influences 

Effective soil depth: 

0- 38 cm 

20-50 cm apart; 3-5 mm wide 

Very many very fine, medium and 
coarse in roots in upper 4o cm of 
the profile, between 4o and 110 cm 
few very fine and fine roots and 
very few medi~m roots, no coarse 
roots, after 110 cm only very few 
very fine and fine roots. 

Well dr~ined (4) 

Clearing and burninc, the farmer 
fertilized his coconuttrees and 
cashewtrees with cowdung mixed with 
straw. 

Deep ( > 120. cm,) 

"Z 

Vr:ry dark gray ( 10 Y;'. :J /1 when moisi.:, 

10 YR 5;1 when dry); loamy sand; weak to 
moderate, fine and medium,subangular 
blocky structure; soft when dry, very 
friable when moist and non sticky and 
non plastic when wet; many very fine 



38- 46 cm 

B
1 

46- 70 cm 

B2 t 70-110 cm 

;j.; 
B

3 
110-150 cm 

Au~ered up to 270 cm: 
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fine medium and coarse pores; not very 
well sorted sand with M 210 - ~20 mu; 
smooth and abrupt transition to: 

Dark yellowish brown (10 YR 
1 ~/4 when 

moist); sandy clay loam; medj.um, moderate 
sub-and an6ular blocky structure; rriable 
when moist; slightly sticky and slightly 
plastic when wet, common very fine, fine, 
medium and coarse pores; clear and smooth 
transition to: 

Yellowish brown (10 Y~ 5/6 when rnoist); 
sandy clay; medium to coarse, moderate, 
sub- and angular blocky, friable when 
moist, sticky and plastic when wet, few, 
thin humus coatincs and clay skins; 
common fine and very fine pores; clear 
and wavy transition to: 

Yellowish brown (10 YR 5;6 when moist); 
sandy clay; coarse to very coarse, mode
rate to stron~ prismatic structure; firn 
when moist, sticky and plastic when wet, 
abundant, moderately thick humus coating 
and clay skins, few fine and very fine 
pores; clear and smöoth transition to: 

BrOwnish yellow(10 YH 
6/6 when moist); 

sandy clay; medium, moderate aneular 
blocky structure; friable when moist; 

sticky and plastic when wet, few, thin 
clay skins; common fine and very fine 
pores; up to 5% white coloured qu~rtz 
particles 

Ycllowish brown, sandy cl3y 



Profile description 1 

Observation: 

Unit: 

ProVisional soil name::: 

Parent materiala 

Physiography: 

Relief• 

Vegetation/landuse: 

Erosion: · 
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198/2-2, Kili1·i District, E 5.90.9, 

N 96.08.2, Bom, 9/1/1980 

Usm 1 

FAO: rhodic Ferralsol 

USDA: typic Haplustox 

Medium-grained,. well sorted, red sands 

Coastal uplands 

Gently undulating ~slope class B), 
tlat topped ridge, many termi temounds 

Bushland alternated by both perennial 

erop cultivation tcashew, coconut) and 

shifting cultivation of annual crops 

{maize, cowpeas) 

Surface stoniness/rockiness: 

Slightly. active gul1y erosion 

Nil 

General groundwater level: 

Slope gradient: 

Surface sealing/crustine: 

Drainage class: 

Effective soil depth: 

A.11 0-10 cm 

sample 23 

A12 .. 10-31 cm 

sample 24 

B 
ox(1) 31-80 cm 

sample 25 

Alwaysvery deep 

0% 
Nil 

Ex.cessively drained 

Very deep 

Dark red {iée5YR 4/6 dry, 2 .5tR 3/6 moist), 
sandy loam, very weak, medium, gràl.ularc to 
subangular blocky structure, sof-~ when dry, 
very friable when moist, non sticky ana non 
plastic when wet, few medium, common fine, 
many very fine roots, abrupt ~nd smooth 
transition to: 

Dark red (2.5YR 4/6 dry, 2•7rn 3/6 moist), 
sandy loam, very weak, medium, suba.ngular 
blocky structure, soft when dry, very friable 
when moist, non sticky and non plastic when l·ret, 
few medium, common fine, ma.ny very fine pores, 
gradual and smooth transition to: 

Dark red (2.5YR 4/6 dry, 2.5YR 3 /6 moist), 
sandy clay loam, very weak, medium, subangular 
blocky structure, soft when dry, very friable 
whem moist, non sticky and non plastic when wet, 



B ox{2) 
sample 26 

B ox{3) 
sample 27 

80-120 cm 

120-145 + cm 
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common fin~, ma.ny very fine pores, few fine 
and very fine roots. 

see Box{ 1) 

see Box{ 1) 



Profile description: 8 

Unit: 

Provisional soil name: 

Parerit material: 

Physiography: 

Relief: 

Vegetation/landuse: 

Erosion: 
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1~8/2-3, Kilifi District, E 5.89.9, 
N 96.05.7; 95m, 9/1/1980 
Usm 2 

FAO: dystric Nitosol 

USDA: rhodoxic Paleustult 

Medium-grained, well sorted, red sanis 

Coastal uplands 

Gently undulating (slope class B), flat 

topped ridge, many termite mounds 

Abondoned coconut plantation, at the 

moment mainly usec1 for grazin~ of cattle 

and goats and cashew-cultivation 

Surface stoniness/rockiness: 

Nil 

Nil 

General groundwater level: 

Slope gradient: 

Surface sealing/crustin&: 

Drainage class: 

Effective soil dèpth 

0-13 cm 

13-98 cm 

Alwa;Ysvery decp 

0-1~ 

Nil 

Excessively drained 

Very deep 

Very dusky red ( 45 YR 3 / 6 dry, 2.5YR 
2 
/2 

moist), sandy clay lonm, weak, fine, granuJ_ar 
to subangular blocky structure, loose when dry 
very friable when moist, non sticky and non 
plastic when wet, frequent, small manganese 
concretions, few fine, common very fine pores, 
few medium, common fine, frequent very fine 
roots, gradual and smooth transition to: 

Dusky red (10 R 3/4 èl.I"'J, 10 H 3/3 moist), 
sandy clay loam, weak, fine, granul~r to 
subangular blocky structure, soft when dry, 
friable when moist, non sticky and non plastic 
when wet, frequent, small manganese concre
tion, few fine, common very fine pores, few 
medium and fine, frequent very fine roots, 
clear and. smooth transi tion to: 



+ 
98-150 cm 
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Dusky red (10 R 3/6 dry, 10 R 3/2 rnoist), s~ndy 
clay loam, wea.k, medium, subangular blocky structu
re, soft when dry, friable when rnoist, slightly 
sticky and non plastic when wet, frequent, small 
manganese concretions, common fine and very fine 
pores, few very fine roots. 



Profile description 9 

Observation: 

Unit: 

Provisional soil name: 

Parent material: 

Physioe;raphy: 

Relief: 

Vegetation/landuse: 

Erosion: 

Surface stoniness/rockiness: 

General groundwater level: 

Slope e;radient: 

Surface sealint;/crackin8: 

Drainage class: 

Effective soil depth: 

Reaction HCl: 

0- 23 cm 

23- 36cm 
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198/,3-11; Kilifi District; E 5.82.5 
N 95.?l~.4; 10S m; 11-01-1980 

USm 2 

FAO: dystric Nitosol 
USDA:rhodoxic Paleustnlt 

Medium grained, well sorted, red 
sands (Magarini sands) 

Coastal uplands 

Rolling; small rid~es 

Intensive cultivation of treecrons 
cashew, coconut, banana) .. 

Slighty susceptible to gully 
èrosion 

Hil 

Always very deep 

2%, upper. :slope 

Few cracks (width< 0,5 cm; depth 40 
cm) 

Well drained 

Very deep 

Nil 

Dark reddish bro~n (5 YR )2 dry, 5 Y~ 3;2 
moist); loamy sand, fine angular to weak 
fine subangular blocky structure; soft 
when dry, very friable when moist, non 
sticky and non plastic when wet, many 
fine manganese concretions, many very 
fine, fine and medium por.es, abundant 
roots; smooth clear transition to: 

Dark reddish brown (5 YR 4;3 dry, 5 YR3/2 
moist); sandy loam; moderate, coarse 
subangular blocky structure; slightly 
hard when dry, friable whcn moist, non 
sticky and non plastic when wet, many 
fine manganese concretions; many fine, 
óommon mèdium and few large pores;· many 
roots; clear and smooth transition to: 



36- 69 cm 

Remarks: 

Dark reddish brown (2.5 YR 3;5 dry, 2.5 

YR 3;4 moist); sandy clay loam; moderate 
coarse angular blocky structure; slightly 
hard when dry, friable when moist, 
slightly sticky and slightly plastic when 
wet; many fine manganese concretions; 
many very fine, common medium pores; 
common roots; gradual and weak transition 
to: 

Dark reddish brown (2.5 YR 3;6 dry, 2.5 

YR ~/4 moist); sandy cl<iy; moderate 
coarse angular blocky structure; slightly 
hard when dry, friable whem noist, 
slightly sticky and slightly plastic when 
wet, thin patchy clay skins; common fine 
and medium pores; common roots 

Clay content decreases at 190 cm 



~rofile description 10 

Observation: 

T_ini t.: 

Provisional soil name: 

Parent material: 

Physiography: 

"Relief: 

Vegetation/landuse: 

:Srosion: 

Surface stoniness/rockiness: 

General -roundwater level: 

')lope gradient: 

:1urface sealigg/crackinP;: 

nr;;iinage class: 

Sffective soil depth: 

.\ 

B 

0- 14 cm 

1L1-- · 65. cm 

+ cm 
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198/2-5; Kilifi District; E 5.85.1; 

N 96.07.4; 75m; 9/1/1980. 
UT 1 

FAO: chromoc 1"nvisol 
USDA: udic Rhodustalf 

:3hales 

Coastal uplands, Rtron~ly dissected 
plain. 

Hilly (slope class E); few V - shoped 
p,ullies 

Thorncd tushland, used for ~razin~. 
very locally small maize shamb~s. 

Slichtly to moderate,active and 
fossil, rill to cully erosion 

Fil 

~lways very deep 

2% 
]'~oderate, o,"; - 1,rc; cm in size / fe\·! 
narrow cracks 

Moderat0ly wcll draincd 

Moderately deen 

Dark brown (7.5 YU 5/': dry, 7.5 '::: 
1 ~/L1 

moist); clay; moder"1te; fine, an;:~üar 
blocky structure; har~ wh~n dry; friable 
when moist, stiel;::- and sli;';l1tl.',- pJ ::is-sic 
\·1hcn wet, few m·9dium and fine, co;;!r:\0!1 v·2'-'/ 

fine pores; few small ~an~ancse concrction 
few fine roots; clear ond W8VY transition 
·;.:o: 

Yellowish red (~ Y2 /f dry, 5 Y~ . /5 
moist); clay; moderate, medium subanculor 
blocky structur?; ve~y hard whcn d~y, 
friable when rnoist, sticky and slichtly 
pl.::istic when wet, fine thin clay skins; 
few fine and vcry fine ·'.·;orcs; frcq ·_tent 
small mane;:1nese concrctions; fcv1 verY :·inc 
roots; abrunt and wovy transi~ion to: 

TJnweathered sha1es 



Profile description 11 

Observation: 

Unit: 

Provisional soil name: 

Pétr.ent ma:terial: 

Physiography: 

Re lief: 

Vegetation/landuse: 

Erosion: 
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198/1-9, Kilifi District, E 5.82.7, 

N 95.85.6, 105 m, 17/1/1980 

UT 1 

FAO: chrornic Vertisol 

USDA: typic Chromustert 

Shales 

Coastal uplands 

Rolling (slope class D), some gilgai 

Bushed grassland/mainly used for grazin~ 

locally shambas, where maize, cotton anè 

simsim are interplanted 

Slight to moderate, active and fossil, 

rill and gully erosion 

Surface stoniness/rockiness: Nil 

General groundwater level: 

Slope gradient: 

Surface sealing: 

Cracking: 

Drainage class: 

Effective soil depth: 

A
1 

0- 21 cm 

(sample· 37) 

B
1 

21-32 cm 

( sample 38) 

Always very deep 

8% 
Moderate, 0,5 - 1,5 cm in size 

Distance: 40 cm, depth: > 1 m, width:1cr.1 

Moderately well drained 

Shallow to moderately deep 

Very dark e;rayish brovm (10 YR 3/2 dry ~nd 
moist), clay, strong, coarse, subangular block:r 
structure, very hard when dr-<J, very firm when 
moist, sticky and plastic when wet, feu medium 
and fine, common very fine pores, fe\v small 
iron concretions, few coarse, medium, fine and. 
very fine roots, abrupt and smooth transition 
to: 

Dark brmm to brovm (7f~- YR 4/4 dry o.nd moist), 

few fine faint, bro;-mish ;yellow ( 10 YR 
6/ü) 

mottles, cla;-f, strone, coarse, anGUlar blocky 
structure, vcry hard when dry, very firm Nhen 
moist, sticky and plastic when wet, common 
moderatelt thick, clay ~kins, few small to 
medium iron and manganese concretions, feH 
medium, fine and very fine pores, few medium, 
fine fine and very fine roots, clear and wa~J 



B21 32-62 cm 

( sample 39) 

B22 
+ 62-112 cm 

( sam-ple 40) 
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transi tion to: 

Yellowish broi-m (10 YR 5/6 dry and. moist), 

common fine distinct, yellotvish recl.(5. YR 
6/8) mottles, clay, stronc, very coarse, 
angular blocky structure, very hard when 
dry, very firm whem moist, sticky and 
plastic when wet, common, thick, clay 
skins, intersected slickensides, few 
medium pores, few, small manga.nese 
concretions, no roots, clear and. smooth 
transition to: 

Brownish yellow ( 10 YR 
6/6 dry and moist), 

clay, strong, very coarse, angular blocky 
prismatic structure, very hard when dry, 
very firm when moist, sticky and plastic 
when wet, abundant thick clay skins, . 
intersected slickensides, no pores, few 
small manganese concretions, no roots. 



p~ofile description~ 

Observation: 

Unit: 

Provisional soil name: 

Parent material: 

Physiography: 

Relief: 

Vegetation/landuse: 

Erosion: 

Surface stoniness/rockiness: 

General groundwater level: 

8lope gradient: 

Surface cracking: 

Drainage class: 

Effective soil depth: 

Reaction HCl: 

0- 13 cm 

B 13- 30 cm 
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198/1-8; Kilifi District; E 5.84.5; 
s 96.11.1:·;3/1/1980 
UT 1 

FAO: eutric Cambisol 
USDA: udic Ustoohrept 

Jurassic shales 

Coastal uplands 

Hilly (slope class E): few V shaped 
gullies 

Acacia thorned bushland, used for 
grazing 

Slight to moderate, active gully 
erosion 

Nil 

Always deep 

0-2% 

Some minor cracks 

Well drained 

Shallow 

Nil 

L~ 4 
Dark brown (10 YR /4 dry, 10 YR /3 
moist); slightly gravelly clay: moderate
ly weak medium; subangular blocky stru
eturé; very hard when dry, firm when 
moist, slightly sticky and slichtly 
plastic when wet; few coarse, com~on 
medium and fine pores; few coarse, common 
medium and fine and many very fine roots; 
clear and smooth transition to: 

Yellowish brown (10 YR 5/6 dry, 10 YR 4/4 
moist); gravelly clay; few faint diffuse 

yellowish browri (10 YH 5/8) mottles; 
moderate medium subangular blocky struc-

ture; very hard when dry, firm when 
moist, slightly sticky and slightly 
plastic when wet, few coarse and medium, 
common fine pores; few medium, common 
fine and very fine roots; clear and wavy 

·transition to: 



Cr 

30- 48 cm 

48-125 + cm 
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Brown (10 YR 5/3 dry, 10 YH 4;2 moist); 
gravelly clay; few faint yellowish brown 

(10 YR 5/8) mottles; moderate coarse 
prismatic structure; very hard when dry; 
firm when moist, slightly sticky and 
slightly plastic when wet, common fine 
pores; few fine, common very fine roots; 
gradual wavy transition to: 

Yellowish brown (10 YR ~i/11. dry, 10 YR 5/3 
moist); gravelly shales, very few fine 
roots 



Profile description 13 

Observation: 

Unit: 

Provisional soil name: 

Parent material: 

Physiography: 

Re lief: 

Vegetation/landuse: 

Erosion: 

96 

198/1-6, Kilifi District, E 5.66.6, 
N 96.09.7; 215 m, 3/1/19f0 
USs 1 

FAO: ferralic Arenosol 
·.' 

USDA: ustoxic Quartzipsamment 
Medium grained sands (Mariakani sandstone) 

Coastal uplands 

Undulating, few termi te mounds 

Brachystegia bushed woodland, bushland 

alternated by shifting cultivation of 

annual crops (maize, simsim, cowpeas), 

little perennial cropcultivation (cashew) 

Moderate active, locally severe gully

erosion 

Surface stoniness/rockiness: Nil 

General eroundwater level: Always very deep 

0% summit Slope gradient: 

Surface sealing/crusting: Nil 

Drainage class: 

Effective.soil depth: 

Reaction: HCl: 

c 

0-14 cm 

-t 
14-130 cm 

Excessivelly well drainea. 

Shallow 

Nil 

Reddish yellow 5 YR 6/6 dry, 5 YR 5/6 moist), loamy 
fine sand, very weak coarse subangular bloc1'.;,y-med. 
granular structur~,soft when dry, very friable when 
moist, non stickY ::tnd non plaètic when wet. verv 
few coarse, common very fine por-es, few medium, 
few fine, common very fine roots, diffuse smooth 
transition to: 

Reddish yellow (3,75 YR 7/e dry, 3,75 YR 5/B moist), 
loamy fine sai:.d, very weak suban_g. blocky to m~d. 

granular structure, soft when dry, very friable 
when moist, non sticky and non plastic when wet, 
few very fine pores, very fèw fine, few very fine 
roots. 



Profile description 14 

Observation: 

Unit: 

Provisional soil name; 

Parent material: 

. Physiography: 

Relief': 

Vegetation/landuse: 

Erosion: 

Surface stoniness/rockiness: 

General groundwate~ level: 

Slope gradient:.. 

Surface sealing/cracking: 

Drainage class: 

Effective soil depth: 

. Reaction HCl: 

0- 12 cm 

12- 25 cm 
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198/3-9; Kilifi District; D.c. Camp 
Chonyi; 210 m; 14-0-1980 

USs 2 

FAO: dystric Nitosol 
USDA: oxic Paleustult 

Mazeras sandstone 

Coastal uplands 

Rolling 

Disturbed tropical monsoon forest; 
treecrops and small holder foodcrops 

Very slight rill erosion 

Nil 

Al.ways very deep 

1%; top of small plateau 

Few cracks, < 0,5 cm wide and < 50 
cm '.deep 

Well drained 

Deep 

Nil 

4 Reddi sh brown ( 5 YR /3 dry, 5 YR 
3 /1'" 

·moist); sandy loam; m~derate medium 
subangular blocky structure; slightly 
hard when dry, friable when moist, non 
sticky and non plastic when wet, common 
large pores; frequent medium, fine and 
very fine ro·ots; clear srnooth transi tion 
to: 

Reddish brown (5 YR 
4;5 moist); aandy 

ioam; moderate, medinm angular blocky; 
hard when dry, friable when moist, ·; 
slightly sticky and slightly plastic when 
wet·,. common fine pores; frequent medium, 
fine and very fine roots; clear and 
smooth transition to: 



25- 47 cm 

47- 89 cm 

89- 120 cm 
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Yellowish red (5 YR 4/7 dry, 5 y·~ 4;6 
moist); sandy clay; moderate coarse 
angular blocky structure; very hard when 
dry, firm when moist, sticky and plastic 
when wet, common thin clay skins; fe• 
coarse· ~nd medium pores; few coarse, 
medium, fine and very fine roots; clear 
smooth trahsition to: 

Yellowish red (5 YR 5;6 dry, 5 YR 
4/6 

moist); sandy clay; moderate medium to 
coarae angular blocky structure1 hard 
when dry, firm when moist, sticky and 
plastic when wet, few coarse and medium 
pores; very few mediun, fine and very •. 
fineroots; common thin clayakina; gradual 
smooth transition to: 

Yellowish red ( 5YR 5 /6 dry, 5 YR 
1~ /6 

moist); gravelly sandy cl~y; moderate 
medium to coarse angular blocky structure 
hard when dry, firm when moist, sticky 
and plastic when wet, common thin clay 
skins; few medium pores; very few medium 
fine and very fine roots. 



Profile description 15 

Observation: 

Unit: 

Provisional soil name: 

Parent material: 

Physiography: 

Relief: 

Vegetation/landuse: 

Erosion: 

Surfaee stoniness/roekiness: 
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198/3-12; Kilifi District; E 5.72.8 
N 95. 82.8; 210 m; 18-01-1980 

USs 2 

FAO: dystric Ni tosol 
USDA: rhodoxic Paleustul t 

Coarse grained sandstone (Mazeras 
Sandstone) 

Coastal uplands 

Rolling to hilly 

Natural vegetation is a semidecious 
tropical lowland forest (see kaja 
forests), vegetation nowadays is a 
bushland. Most of the land is culti
vated with mainly coconuttrees and 
cashewtrees. 

Under natural conditions only 
slightly ~erodable, however under 
cultivation and especialy on stee
per slopes erosion (sheet and rill) 

can be very severe 

Nil 

General groundwater level: Deep 

Surface sealing/crusting/eracking: Few cracks, 40 cm long and 3 mm wide 

Drainage class: Well drained (4) 

Human influences: 

Root distribution: 

Effeetive soil depth: 

0- 26 cm 

Clearings and burning 

In upper part of profile (first 50 
cm) common roots, of all sizes, From 
50 - 100 cm only few medium and fine 
roots. 

+ Very deep(- 120 cm) 5 

Dark reddish brown (5 Y~ 3;2 when moist, 

5 YR 4;2 when dry); loamy sand; fine to 
coarse, moderate subangular blocky and 
granular structure; slightly hard when 
dry, friable when moist, non sticky and 
non plastic when wet; many very fine, 
fine, medium and coarse pores; M sand: 
420 - 600 mu; about 20% quart~ particles; 
o,6 mm diameter; clear and smooth 
transition to: 

(sample no 33) 



26- 57 cm 

57 - 81 cm 

81 

100 

Yellowish red to dark red (3.75 YR 3.5/6 
when moist, 3.75 YR 

4/6 when dry); sandy 
clay; medi i1m to coarse, mode ra te to 
strone suhangular blocky structure; 
slightly hard to hard when dry, friable 
when moist and slightly sticky and 
plastic when wet, few to common, thin 
clay skins; common very fine, fine medium 
and coarse pores; up to 30% quartz parti
cles (0.6 - 1 mm in diameter); clear and 
smootb transition to: 

(sample no 34) 

Red (2.5 YR 4;6 when moist, 2.5 YR 
4;5 

when dry); sandy clay; medium, moderate 
subangular blocky and angular blocky 
structure; slightly hard when dry, fria
ble when moist and slightly sticky and 
plastic when wet, few, thin clay skins; 
few medium and coarse pores; up to 30% 
quartz particles (1 -2 mm in diameter); 
charcoal; gradual and smooth transition 
to: 

(sample no 35) 

Red (2.5 YR 4;8 when moist, 2,5 YR 5/3 
when dry); sandy clay; medium, moderate 
angular blocky structure; slightly hard 
when dry, friable when moist, slightly 
sticky and plastic when wet, very few 
pores; 35% quart~ particles (1 -2 mm ) 
charcoal; 

(sample no 36) 



Profile Description 16 

Observation: 

Unit: 

Provisional soil anme: 

Parent material: 

Physiography: 

Re lief: 

'legetation/landuse: 

Erosion: 

Surface stoniness/rockiness: 

Genera! groundwater level: 

Slope e;radient: 

Surface sealing/crusting: 

Drainage class: 

Effextive soil depth: 

Reaction HCl: 

C-25 cm 

25-46 cm 
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198/3-8; Kilifi District; !~ 5.72.o 
N 95.83.9; 245 m~ 8/1/1980 

USs 2 

~AO: dystric Nitosol 
USDA: rhodoxic Faleustult 

Hedium-r,rained sands (Mazeras sand
stone) 

Coastai uplands 

Hilly; convex slopes 

Disturbed Brachystegia bushed wood
land; shiftin~ cultivation of annual 
(maize, cowpeas) and perennial 
(cassava) crops, partly fallow 
(Lantana camara) 

Slightly active, gully and sheet 
erosion 

Nil 

Always very deep 

0-2%; summit 

Nil 

Well drained 

Moélerately deep 

!'lil 

l3rown (7,5 YR 5/4 dry, 7,5 YH 
4;'< moist); 

sandy clay loam; moderately stron~ coarse 
subangular blocky structure; very hard 
when dry, friable when moist; slightly 
sticky and slightly plastic when wet, few 
coarse and medium, common fine and very 
fine pores; few medium and fine, common 
very fine roots; clear wavy transition to: 

Yellowish red (5 YR 
4/6 dry; 5 YR 

4;s 
moist); sandy clay; moderate stronG 
coarse subangular to angula~ blocky; very 
hard when dry, firm when moist, sliGhtly 
sticky and slightly plastic when wct;fe~·-

cutans: few fine and very fine pores; 
few medium, fine and very fine roots; 
gradual wavy transition to: 



46- 91 cm 

91-150 cm 
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Red (2,5 YR 5/8 dry, 2,5 YH 
4
/8 moist); 

clay moderately coarse angular blocky 
structure; very hard when dry, friable 
when moist, slightly sticky and plastic 
when wet, lhick. cutans: common small iron 
and manganese concretions; few fine and 
very fine porea; few fine and very fine 
roots; abrupt smooth transition to: 

Light red (2,5 YR 6/H dry, 2,5 YH 5/8 
moist; clay, porous mascive structure; 
very hard when dry, friable when moist, 
slightly sticky and plastic when wet, 
.tnic.k cutans: few very fine pores; few 
very fine roots. 



Profile descrption 17 

Observation: 

Unit: 

Provisional soil name: 

Parent material: 

Physiography: 

Re lief: 

Vegctation/landuse: 

Erosion: 

Surface stoniness/rockiness 

General groundwater level: 

Presence of salts/alhali: 

Slope gradient: 

Surface sealing/crusting: 

Drainage class: 

Effective soil depth: 

Reaction HCl: 

0- 16 cm 

16- 35 cm 
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198/1-7, Kilifi District, E 5.77.0 
N 96.09.4 140 m, 9/1/1980 
USs 3 

FAO: orthic Solonohak 

USDA: typic $alorthid 

Salty brol·m clays (Hazeras siltstone/ 

shalcs) 

Coastal uplands 

Gently undulating,'convex slopes up to 10° 
Brachystegia bushed woodl2.nd, e;razinc;,few 

small plots 1rd th shifting cul ti vat ion of 

annual (maize) and perennial (cassava) 

crops, tree crops (bananas) 

Iîil 

Nil 

Always deep 

Moderately affected, no erop does well 

1%, middle slopc 

Cor.troon vertical cracks (widrth: 0,5 cm, 

depth: 30-45 cm) 

i.foderately well drained 

Shallow 

Nil in upper 35 cm, very streng in Bca 

and Cca 

Dark brom1 ( 10 YR 4/3 d!'"".f; 2 ,5 Y 5 /2 moi st), 
clay, streng fine angular blocky structurc, 
very hard when dry, e:x:tr. emely _ firm Nhen 
moist, non sticky and plastic when wet, thin 
continuous intersected slickensides, few fine, 
comr.lon very fine pores, few medium and fine, 
common very fine roots, clear smooth 
transi tien to: 

Yellowish bro-:-m ( 10 YR 5/6 dry, 2,5 Y 5 /4), 
Clay ver-::; stronG', medium ane:ular block~r 
structure' vcnr hard when d.ry' cxtr,eue J.y 
:firm when moi:::;t, slightly sticky ::.nel ~Jlastic 



Bca 35-103 cm 

Cca 103-130 cm 
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when i·ret, continuous moderately thick 
intersected slickensides, frequent small 
manganese concretions, few very fine pores, 
few very fine roots, e;radual smooth 
transition to: 

Light olive brovm (2,5 Y 5/4 dry, 2,5 Y 5/4 
moist), clay, strone coarse prismatic 
structure,very hard Hhen dry, extr.emely 
firm when n:cist, sliehtly stick'J and Plastic 
when \1et, continuous moderately thick slicken
sides, frequent small manganese concretions, 
no pores, no roots, e;radual waviJ transition to: 

Gray ( 2 ~ 5 y ~/o 2,5 Y 5/o moist), clay, 
moderate very coarse prismatic structure; very 
ha,rd when f1ry, extr er.iely ~ firm when moi st, 
slightly sticky and plastic when wet, fci-r 

faint brei-mi sh yellow ( 10 YR 6 /5) mottles, _ 
reduced ped faces, frequent small m<tnc;::>,nese 
concretions, no porcs, no roots. 



Observation: 

Unit: 

Provisional soil name: 

Parent rnaterial: 

Physiography: 

Re lief: 

Vegetation/landuse: 

Erosion: 

Surface stoniness/rockiness: 

General groundwater level: 

Slope gradient: 

Effective soil depth: 

Reactio:i:i HCl: 

A 
3 

0-27 

27-75 
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198/3-5, Kilifi District, E 5.68.7 

N 95.79.6, 225 m, 10/1/1980 

USK 1 

FAO: dystric lTitosol 

USDA: oxic Palenttult 

Fine grained sands (Kariakani s~ndstone) 

Coastal uplnnds 

Flat ( slope class A), flat toppecl conve:: 

interfluves, few termi te mounds 

Brachystegia bushed woodland, shiftin~ 

cultivation of annual crops (maizc), tree 

crops (cashew, coconut, kapok) 

Nil 

Nil 

Always very deep 

o~r,, interfluve 

Deep 

Nil 

Bro>m (10 Yn t:-/3 dry, 10 Yn 3/3 :noist), 
fine sand, 1-1eak fine su.banGUl:1.r l)loc',:::;'/ 
structure, slir:;htly }1ard whcn dry, ver~r 

friable when moi s-t, non stic!cy and ~1on 
plastic when wet, few fine c.nd com:.1011 
very fine pores, few "fine n.nd common 
very fine roots, cleär smooth 
transition to: 

t:; /!. 
Yellowish brmm ( 10 YR _,. /6 dry, 10 Y:{ /1!.-
moi st) , fine sanci, weak medi urn s-u.bancular 
blocky structure, slightlJr hard when dry, 
very friable when moist, non sticky and 
non plastic i;·rhen ~-:et, few fine faint 

mottles ( 10 YR 6 /6), common vcry fi.nc 
porca, few fine and very fine roots, 
gr0dual snooth tr~nsition to: 



75-93 
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Yelloi-ri. sh bro\-m ( 10 Y1l 5 /7 clry, 10 YTI ~/;: 
moist), loamy fine zand, wcak medium subanc;ular 
blocky structure, slichtly hard when dry, very 
friable l·1hen wet, fe1·1 fine faint mottles 

{ 10 YR 6 / 6), common ver"-J fine pores, few fine 
and very fine roots, clear smooth transiton to: 

Strong brown (7 ,5 Y:.l 5 /6 dry, 7 ,5 YR 5 /4 moist) 
fine sand loam, moderate medium angular blocky 
to porous, ::iassi ve structure, hard when dry, 
friable when moist, sliehtl;r sticl:y and slight
ly plastic when wet, feu fine fn.int mottles 

6 (10 YR /6), few patchy metallic oxides, co~mon 
very fine pores, no roots. 



Profile description J.2. 

Observation: 

Unit: 

Provisional soil name: 

Parent material: 

Physiography: 

Relief: 

Vegetation/landuse: 

Erosion: 
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198/3-6, Kilifi District, E 5.68.3, 
N ~5.84.8; 248 m, 10/1/1980 

USK 1 

FAO: dystric Ni to.sol 

USDA: oxic_ Paleustult 

Fine grained sandstone 

Coastal uplands 

Gently undulating (slope class B), 
flat top~ied watershed, few termite mounds. 

Shifting cultivation of annual crops 

(maize, cowpeas) and semi-annual crops 

(cassava), interplanted, scatterèd cashew 

pawpaw and Ricinus. 

Nil 

Surface stoniness/rockiness: Nil 

General groundwater level: 

Slope gradient: 

Surface sealing/crusting: 

Drainaee class: 

Effective soil depth: 

A1 0- 25 cm 

(sample 5) 

A2 25-62 cm 

( sample 6) 

Very deep 
2 ")o1 

-.J/0 

Uil 

Well drained 

Deep 

D9;-rk erayi sh broim ( 10 YR 5 / 3 dry, 10 l'R 4/ 2 
moist), loamy sand, iveal:, medium, subancv.la.r 
blocky structure, slic;htly hard ivhen dr;:.r, very 
friable when moist, non stick'J r:;nd non plastic 
when wet, few coarse and fine, common very 
fibe pores, common very fine roots, abrupt and 
wavy transition to: 

Bro't'm( 10 YR 7 / 4 dry, 7.5 YR 5 / 4 moi st) , loamy 
sand, moderate, medium, subangular blocky 
structure, hard when dry, ver~r friable when 
moist, non sticky and non plastic when wet, 
few coarse and fine, common very fine pores, 
common very fine roots, abrupt and wav-y 
transition to: 



B21 t 62-91 cm 

( sample 7) 

91-138 cm 

( sample 8) 
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~ ~ 
Yellowish red (5 Yil /5 dry, 5 YR ~)6 
moist), sandy lo;:-.m, few mediu.rn, distinct, 

yellovtlsh red (5 YR 5/8) mottles, strong, 
coarse, anc;ular blocky structure, very 
hard when dry, friable when moist, 
sli{:,htly stick-.:r and slightly plastic 
when Het, few coarse a.nd fine, com!!1on 
very fine pores, feii very fine roots. 



Profile description 20 

Observation; 

Unit: 

Provisional soil name: 

Parent material: 

Physiography: 

Re lief: 

Vegetation/landuse: 

Erosion: 

Surface stoniness/rockincss: 

General groundwater level: 

Slope gradient: 

Surface sealing/crustinr:: 

Drainage class: 

Effective soil depth: 

A 0- 14 cm 

( sample1) 

c "') 4 \' 1 - ')0 cm 

(sample 2) 
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198/1-3; Kilifi District, E 5.~o.n; 

N ~6.09.1; 300 m; 4/1/198n 
USK 1 

FAO: albic Arenosol 

USnA: ustoxic Quartzipsamment 

Fine to very fine 

Coastal uplands 

sands 

Gently unàulatinrr, (slope class B); 

few termite mounds 

Bushed grassland mainly used for 

extensive grazinG, locally maize

·shambas. 

Moderate, locally severe, active 

gully erosion. 

Nil 

Always very deep 

0-1% 

Nil 

Excessively drained 

Moderately deep 

Light yellowish brown (10 YR 7;2 dry, 
/'" 

10 YR 0 /4 moist); porous massive structu
re weakly coherent; soft when dry, loose 
when moist, non sticky and non plastic 
when wet; few fine, common very fine 
pores; few coarse, medium and fine, 
common very fine roots; diffuse and 
smooth transition to: 

·7 G 
Brownish yellow ( 10 Y~~ '/I+ dry, 1 Cl yr<_ 

1

/5 
moist); sand; porous massive structree, 
w;-..;akly coherent; slie;h tly hard when rlry, 
loosc when moist, non sticky and non 
plastic. when wc~t; common very fine pores; 
very few medium, few fine .:inrl very :'ine 
roots. 
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50- 100 er.-. see c( 1 ) :~arnple 3 

100-1 !~() cm see c( 1 ) ::~ample l~ 



Profile description 21 

Observation; 

Unit; 

Provisional soil name: 

Parent material: 

Physiography: 

Re lief; 

Vegetation/landuse: 

.Erosion: 

Surface stoniness/rockiness: 

General groundwater level: 

Slope gradient: 

Surface sealing/crusting: 

Drainage class: 

Effective soil depth: 

0-12 cm 

12-40 cm 
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198/3-7; Kilifi District; E 5.70.6; 
N 95.83.4; 270 m; 3/1/1980 
USK 2 

FAO: dystric Nitosol 

USDA: oxic Paleustult 

Fine to medium-grained sandstone 

Coastal uplands 

Hilly 

Permanent cultivation of perennials 

(coconut), rotational cultivation of 

maize and cassava 

Very slight, active, sheet erosion 

Very few rock outcrops 

Always very deep 

1-3% 
Nil 

Well drained 

Deep 

Dark brown ( 10 YR 5 /4 dry, 10 Y~~3/3 
moist); loamy sand; weak, coarse, si1ba-_ 
ngular blocky structure; soft when dry, 
very friable when moist, slightly sticky 
and slightly plastic when wet, few coarse 
and medium, common fine and very fine 
pores; few coarse and medium, common fine 
and very fine roots; gradual and smooth 
transition to: 

Dark brown ( 7'h YR 
4 
/2 dry, 7J~ YR 3 ;2 

moist); loamy sand; weak, coarse, suba
ngular blocky structure; soft when dry, 
very friable when moist, slightly sticky 
and slightly plastic when wet, few medium 
common fine and very fine pores; few 
medium, common fine and very fine roots; 
clear and smooth transition to: 



40- 60 cm 

60 - 72 cm 

+ 72 - 135 cm 
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4 4 Dark brown (7» YR /4 dry, 7~ YR /2 
moist); loamy sand; weak, coarse, euba
ngular blocky structure; soft when dry, 
very friable when moist; slightly sticky 
and slightly plastic when wet, few medium 
and fine, common very fine pores; few 

lllfldium,common'"fine and very.fine ~oots; 
gradual,smooth transition to: 

Strong brown (7.5YR 5/6 dry,7.5YR 5/4 
moist);sandy clay loam1 few fine faint 
strong brown (7.5YR 5/ö) mottles; 
moderate, coarse subangular blocky struc
ture; slightly hard when dry,friable when 
moist,slightly sticky and plastic when 
wet; few patchy clay skins; few fine and 
very fine pores; few medium and fine, 
common very fine roots; abrupt,smooth 
transition to: 

Reddish yellow (5YR 6/8 dry, 5YR 5/8 
moist); sandy clay loam; few patchy clay 
skins; coarse subangular blocky to porous 
massive structure; very hard when dry,very 
firm when moist, sticky and plastic when 
wet; few very fine pores; few very fine 
roots 



Profile description 22 

Observation: 

Unit: 

Provisional soil name: 

Parent mat·erial: 

Physiography: 

Relief: 

Vegetation/landuse: 

Erosion: 

Surface stoniness/rockiness: 

General groundwater level: 

Slope gradient: 

Present of salts/alkali 

Surface sealing 

Drainage class: 

Effective soil depth: 

A1 0-12 cm 

sample 15 

sample 16 
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198/1-5; Kilifi District; E 5.57.7; 
N 96.o8.2; 250 m; 10/1/1980 
PO 2 

FAO: solodic Plano~ol 

USDA: typic Natrustalf 

Salty Pleistocene bay-sediments 

Erosional plain 

Flat (slope class A) 

Scattered bushes/unproductive 

Nil 

Nil 

Deep 

0-1% 
Moderately affected subsoil;no erop 

does well 

Moderate, 1.0 cm thick 

Imperfectly drained 

Shallow 

Dark yellowish brown (10 YR 5;4 dry, 10 

YR 3;4 moist); loamy sand; weak, very 
fine, angular blocky structure; soft when 
dry, very friable when moist; non sticky 
and non plastic when wet, common very 
fine pores; few coarse, medium and fine, 
common very fine roots; clear and smooth 
transition to: 

Brown (10 YR 6/4 dry, 10 YR 5/3 moist); 
few fine faint, brownish yellow (10 YD 
6/6) mottles; loamy sand;moderate, 
medium,angular blocky structure; hard 
when dyy, very friable when moist, 
slightly sticky and plastic when wet, 
few fine and common very fine pores; few 
medium and fine, common very fine roots; 
clear and smooth transition to: 



aample 17 

sample 18 

62-110 + cm 
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6 . 5 
Brown (10 YR /3 dry, 10 YR /3 moist); 
few, fine faint, brownish yellow (10 YR 
6 . 
/6) mottles; sandy loam; moderate, . 

medium, angular blocky structure; hard 
when dry, friable when moist, slightly 
sticky and plastic when wet, few fine 
and common very fine pores; few fine and 
very fine roots; abrupt and smooth 
transition to: 

6 Light brownish gray (10 YR /3 dry, 10 

YR 6;2 moist); common fine prominent, 
yellowish red 

(5 YR 5/8) mottles; sandy clay loam; 
strong, very coarse, prismatic to 
massive structure; very hard when dry, 
very firm when moist,sticky and plastic 
when wet; strongly sodic; few very fine 
pores;no roots 



Profile description 23 

Observation: 

Unit: 

Provisional soil name: 

Parent material: 

Physiography: 

Relief: 

Vegetation/landuse: 

Eros ion: 

Surface stoniness/rockiness: 

General groundwater level: 

3lope gradient: 

Presence of salts/alkali: 

Surface sealing: 

Drainage class: 

Effective soil depth: 

A11 0- 8 cm 

sample 9 

A12 8-19 cm 

sample 10 
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198/1-4; Kilifi District; E ].55.7; 

N 96.06.0; 222 m; 10/1/1980 

PO 3 

FAO: orthic Solonchak 
USDA: ustochreptic Calciorthid 

Salty Pleistocene bay-scdiments 

r~rosional plain 

Flat to very gently undulatinG 
(slope class A) 

Open bushland/unproductive 

Nil 

Nil 

Deep 

1% 

Moderately to strongly affected 
subsoil 

Moderate, 1.0 cm thick 

Imperfectly drained 

Very shallow to shallow 

7, 3 
Very dark eray (10 YR ~;2 dry, 10 YR /1 
moist); sandy clay; strong, medium, platy 
structure; very hard when dry; very firrn 
when moist; sticky and very plastic when 
wet, few fine, common very fine pores; 
few coarse; medium; fine and very fine 
roots; clear and smooth transition to: 

Very dark gray (10 YR 3;3 dry, 10 YR 3;1 
moist); sandy clay; streng, medium, 
angular blocky structure; very hard when 
dry, extremely firm when moist; sticky 
and very plastic when wet; few fine, 
common very fine pores; few coarse, 
medium, fine and very fine roots; clear 
and smooth transition to: 



sample 11 
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4 ~ 
Grayish brown (10 YR /2 dry, 10 '{'i ~)/2 
moist); few fine faint, brownish yellow 

(10 YR 6/~) mottles; sandy clay to clay; 
very strong, medium, an~ular blocky 
structure; very hard when dry, extremely 
firm when moist, sticky and very plastic 
when wet; moderately calcareous; few 
Caco3-concretions; 2-5 mm in size; 



Profile description 24 

Observation: 

Unit: 

Provisional soil name: 

Parent material: 

Physiography: 

Vegetation/landuse: 

Erosion: 

Surface stoniness/rockiness: 

General groundwater level: 

Slope gradient: 

Surface sealing/cracking: 

Presence .of aalt/alkali: 

Drainage class: 

Effective soil depth: 

Reaetion HCl: 

0- 23 cm 

23- 39 cm 

l l 7 

198/3-10; Kilifi District; E 5.63.7; 
N 95.80.4; 200 m; 14-01-1980 
PO 2 

FAO: solodic Planosol 
USDA: typic Natrustalf 

Salty Pleistocene bay sediments 

Flat to very gently undulating 

Grass and scattered trees; grazing, 
few small plots with maize, sweet , 
potatoes 

Very slight 

Nil 

Always deep 

1%; f ootslope 

Weak sealing, cracks 1 cm wide, 
100 cm deep 

Moderately to strongly af fected 

Imperf ectly drained 

Shallow 

Strongly calcareous below 4o cm 

Dark gray (10 YR 
4;1 dry, 10 YH 3/1 moist) 

sandy loam; moderate medium subangular 
blocky structure; slightly hard when dry, 
firm when moist, slightly sticky and 
slightly plastic when wet, common medium 
fine pores; common very fine and fine, 
very few medium roots; smooth clear 
transition to: 

Dark grayish brown (10 YR 4;2 dry, 10 YR 
4;2 moist); sandy clay loam; common fine 

fai:nt yeiiowish bro~ri ( 10 YR 5 /6) mottles 
moderate coarse subangular to angular 
blocky structure; hard when dry, firm 
when moist, slightly sticky and plastic 
when wet, common medium fine pores; 
common very fine and fine, very few 

·medium pores; abrupt, smooth transition 
to: 



39- 60 cm 

60- 85 cm 

85-14o cm 
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Brownish yellow (10 YR 6/6 dry, 10 YR 6;6 
moist}; many fine faint dark brown 4 . 
'10 YR /3} mottles; strong very coarse 
angular blocky structure; extremely hard 
when dry; extremely firm when moist, 
sticky and plastic when wet, few medium 
pores; few fine roots; CaCO~ - nodules; 
gradual smooth transition to: 

Brownish yellow (10 YR 6/6 dry, 10 YR 6;6 
moist}; clay; many medium faint dark 

' ' 4 . 6 
browri (10 YR /3} and gray (10 YR /1) 
mottles; few patchy clay skins; strong; 
very coarse prismatic structure; extreme
ly bard when dry, extremely firm when 
moist 9 stick and plastic when wet, few 
medium pores; few fine roots; many CaCO -
nodules; diffuse smooth transition to: .3 

Brownish yellow (10 YR 6/6 dry, 10 YR 6/6 
moist); clay; many medium faint dark 
. . 4 6 
brown (10 YR /3) and gray (10 YR /1) 
mottles; few patchy clay skins; strong, 
very coarse prismatic structure; extreme
ly hard when dry, extremely firm when 
moist, sticky and plastic when wet, few 
medium pores; few fine roots; few Caco3-
nodules; clear wavy transition to: 

Yellowish brown (10 Yn 5;8 dry, 10 YR 5;8 
moist); clay; abundant medium faint very 

aa~k grayisb brown (10 YR 3/2) and gray 

(10 YR 6/1) mottles; moderate medium 
angular blocky structure; very hard when 
dry, very firm when moist, sticky and 
plastic when wet, very few medium pores; 
few fine roots; many medium iron and 
manganese concretions. 
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Profile description 25 

Observation: 198/3-3; Kilifi District; E5.60.2 
N 95.80.2;240 m.;14-10-1980 -

Unit: PO 1 

Provisional soil name: FAO:ferralic Arènosol 
USDA: uetic Quartzipsamment 

Parent material: Sandy bay sediments 

Phyaiography: Dissected plain 

Re lief: Undulating 

Vegetation/landuse: Bushland~ extensive grazing 

Erosion: Under natural condition rnoderately 
susceptible to sheet and rill 
erosion, when cultivated (or over 
grazed ) the erosion can be severe 

Surface etoniness/rockiness: Nil 

General groundwater level: Very deep 

Surface sealing/crusting/cracking; Moderate, 2-4 mm thick,no cracks 

Drainage class: Excessively drained (5) 

Human influences: Clearing and grazing 

Root distribution: Not many roots and ristricted to 
upper 50 cm, after 50 cm only few 
very fine roots 

Effective soil depth: Moderately deep 

0- 52 cm 

52- 75 cm 

Dark brown (10 YR 3;3 when moist, 10 YR 

5/1 when dry); loamy sand; fine, weak 
subangular blocky and granular structure; 
slightly hard when dry, very friable when 
moist and non sticky and non plastic when 
wet, common pores; clear and wavy transi
tion to: 

Dark brown to brown (10 YR 
4/3 when moist, 

10 YR 5;1 when dry); loamy sand; porous 
massive, weakly coherent to weak fine 
subangular blocky structure; slightly hard 
when dry, friable when moiat and non 
sticky and non plastic when wet; few pores 
gradual and smooth transition to: 



c 75-105 cm 
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Yellowish brown (10 YR 5/4 when moist; 

10 YR 7/2 when dry); loamy sand; structu
re leas, porous massive, weakly coherent 
to weak, fine subangular blocky; slightly 
hard when dry, friable when moist, non 
sticky and non plastic when wet, very 
fine pores; :crotovina. 



Profile description 26 

Observation: 

Unit: 

Provisional aoil name: 

Parent material: 

Ph;ysiography: 

Re lief: 

Vegetation/landuse: 

Erosion: 

Surface atoniness/rockinesa: 

Flooding: 

General groundwater level: 

Slope gradient: 

Presence of aalta/alkali: 

Cracking: 

Drainage class: 

Effective soil depth: 

0 3 cm 

AC 3-25 cm 
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198/2-4; Kilifi District; E 5.86.3; 
N 96.07.6; 12 m; 9/1/1980 

A 
FAO: pellic Vertisol 
USDA: typic Pellustert 

Alluvium 

Bottomlands 

Flat valleybottom (slope class A); 
river levee; some gilgai 

Bushed grassland/grazing 

Nil 

Nil 

In long-rains period 

Temporarily shallow 

0% 
Nil 

Vertical cracks, 10-20 cm distance, 
width: 1-2 cm, depth: 50-80 cm 

Imperf ectly drained 

Shallow to moderately deep 

4 Brown to dark brown (10 YR /3 dry, 

10 YR 4/3 moist); cracking clay; streng, 
fine, granular to subangular blocky 
atructure; very hard when dry, very firm 
when moist, slightly sticky and plastic 
when wet, slightly calcareous; common 
fine and very fine pores; few medium, 
common fine and very fine roots; abrupt 
and smooth transition to: 

(Sample 28) 

Dark gray (10 YR 5;4 dry, 10 YR 4
/1 . 

moist); cracking clay; very strong; fine, 
subangular blocky structure; very hard 
when dry, extremely firm when moist; 
slightly .sticky and plastic when wet1 
slightly calcareous; few very fine pores; 
few very fine roots; clear and smooth 
transition to: 

(Sample 29) 



25-56 cm 

56-85 cm 

85-135 + cm 

122 

grayish brown (10 YR 5/4 dry,~ Y 5/2 
moist); cracking clay; very strong, 
coarse, prismatic structure;very hard 
when dry, extremely firm when moist; 
sticky and plastic when wet; abundant, 
thin, intersepted slieken~ides; few 
medium shells; strongly calcareous; few 
Caco

3
-concretions, 2~5 mm in size, common 

very fine pores; few very fine roots; 
gradual and smooth transition to: 

(Sample 30) 

Dark grayish brown (2'.5' Y3 /2 dry, 2.5' Y 
4;2 

moist); cracking clay; very streng; 
coarse prismatic structure; very hard 
when dry, extremely firm when moist; 
sticky and plastic when wet; abundant 
thick, intersected slickensides; strongly 
calcareous; few Caco

3
- concretions 2-5mm 

in size; no pores; no roots; diffuse 
and wavy tranaition to: 

(Sample 31) 

Black (2',~ Y 3;2 dry, 2-' Y 
2/o moist); 

cracking clay; very strong, medium, 
prismatic structure; very hard when dry, 
extremely firm when moiat, sticky and 
plastic when wet, abundant tbick, inter
sected ,slickensides; strongly calcareous; 
few CaCO~-concretions, 2-5 mm in size; no 
pores; no roots. 

(Sample 32) 



Profile description 27 

Observation: 

0 

Unit: 

Provisional soil name: 

Parent material: 

Phyaiography: 

Relief: 

Vegetation/landuse: 

Eros ion: 

Surface stoniness/rockiness: 

General groundwater level: 

Slope gradient: 

Surface sealing/crusting: 

Drainage class: 

Effective soil depth: 

Reaction HCL: 

AP 0- 20 cm 

20- 67 cm 
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198/1-1; Kilifi District;iE 5.77.8, 

N 95.88.9; 240 m; 27/11/1919 
UL 1 

FAO: dystric Nitosol 
USDA: rhodoxic Paleustult 

Kambe limestone 

Coastal uplands 

Gently undulating 

Treecrops (mango, cashew) with under~
growth of herbs and grasses 

Nil 

Nil 

Always very deep 

3% upper slope 

Nil 

Well drained 

Very dee:p 

Nil 

Reddish brown (2,5 YR 3/6 dry, 2,5 YR 3/4 
moist); fine sandy loam; moderate fine 
subangular blocky structure; hard when 
dry, friable when moist, slightly sticky 
and slightly plastic when wet, common 
fine iron concretions; few coarse, common 
fine and meiium, few very fine pores; 
common medium and fine roots; clear wavy 
transitions to: 

Reddish brown (2,5 YR 
4/6 dry, 2,5 YR 3;6 

moist); sandy clay; weak fine angular blo 
. blocky structure; firm when moist, 
slightly sticky and plastic when wet; few 
patchy plastered rootchannels; common 
fine iron and manganese concretions; few 
medium, common very fine and many very 
fine pores common medium and fine roots; 
gradual smooth transitio n to: 



67-170 cm 
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Reddish brown (2,5 Y~ 3/6 moist); clay; 
weak fine to moderate subangular blocky 
to fine crumby structure; friable when 
moist, slightly sticky and plastic when 
wet, thin patchy cutans; common fine 
manganese concretions; few fine many very 
fine; many micro pores; few coarse, 
common medium and fine roots. 
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