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ABSTRACT

This report is a response to a request from the Government of Kenya for assistance
in the strengthening of the soil survey.
Reconnaissance surveys date back to the twenties. A total of 39 surveys of
varying scales, covering about 2.5 percent of the total area, have been made since 1945
by various agencies and private firms without common standards of mapping, nomenclature,
or soil classification.
They were designed to meet immediate single objectives, such
as suitability for irrigation or for a specific crop.
At present only two professional soil surveyors and a few trainees are working
in the country.
Soil surveys must be both practical and based on.sound scientific methods. Several
levels of mapping scale and detail may need to be used to meet the purpose of soil surveys
in Kenya.
Important procedures of a soil survey include: aerial photo interpretation;
preparation of mapping legend and descriptive legend, including soil profile and mapping
unit descriptions; laboratory data to characterize each kind of soil; interpretations
of each soil in respect to its suitability for alternative uses and response to management practices for specific crops (by yields, if possible) and soil correlation and
classification of each mapping unit.
The principle of interactions in soil use is a most important single principle to
remember in the application of guidelines for the improvement of farming.
Among the recommendations are:
1.

The control of soil surveys should be the responsibility of one agency (such as
the Ministry of Agriculture).

2.

A Memorandum of Understanding should be developed between the controlling agency
and each other agency that may have an interest in the conducting of surveys
or may wish to participate in a given soil survey.

3.

The publication °? soil survey reports, including maps, in a standard series
insures against the loss or misplacement of important soil survey information
and should be a part of the soil survey programme.
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There is a need to expand the work of the laboratory so that certain
investigations of special importance to the soil survey can be made.
Although present work includes clay mineralogy and certain phases of soil
chemistry and physics, information is needed on improved methods for the
dispersion of tropical clays; on the cation exchange capacity of clay
fractions; the mineralogy of soil horizons; the infiltration, movement,
and availability of water in different kinds of soils; thin sections
and the behaviour of nutrients.
In the face of conflicts over potential land use, soil surveys at various
levels may be needed to provide thé pertinent information about the
comparative suitability of the kinds of soils for farming, range, forestry,
housing, etc.
It may be advisable to contract for some of this work with
outside sources, as long as the standards of mapping adopted by the Soil
Survey Unit are followed so that the survey will contribute to the long range
soil survey programme.
Priorities for soil survey areas require consideration of factors such as the
acuteness of the need for soils information, the benefits to be derived,
the number of people involved and their ability to make direct use of the
information, and the problems faced by the soil survey team.
It is suggested
that the responsibility for decisions on these priorities be assigned to the
proposed Land Use Committee.
Training of local personnel at various levels to carry out all phases of
soil surveys should be regarded as a continuing part of the long-term
programme.
It would be very useful if fellowships and possibilities for
attendance of soil conferences could be arranged.
The 7th Approximation scheme of soil classification appears to be the most
satisfactory system of soil classification to use because the categories are
defined precisely, and yet there is flexibility to permit changea if they are
needed.
The results of fertilizer applications need to be correlated with the kinds
of soil on which they were made so that the information will have wider
application through the use of the forthcoming soil maps.
This correlation
has not been made.
It is suggested that an expert be requested by the
Government and assigned to do this important work.
The proposed bilateral arrangement between the Governments of Kenya and the
Netherlands for à Dutch team of soil scientists to strengthen the soil survey
of Kenya is a most hopeful omen.
Such a programme over a period of years
should provide the basis for a strong scientific soil survey programme through
the training and experiences gained by Kenyans.
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1.

INTRODUCTION

In accordance \*ith a request from the Government of Kenya for assistance in the
study of soil Burvey data and methods, the Food and Agriculture Organization of the
United Nations under the United Nations Development Programme (Technical Assistance
Sector), appointed Kr. J. Kenneth Ableiter as Senior Soil Survey Consultant and
Mr. J.H.V. van Baren as Technical Officer (Soil Survey and Interpretation). Their
terms of reference were:
"To make a thorough review of all the soil survey material existing throughout
Kenya with a view to determining
—
—

the
the
the
the

exact areas covered and the date of survey;
form in which the data is recorded and presented;
systems by which it has been analysed and classified;.
compatibility of these classificatory systems.

To make, upon the basis of this review, recommendations upon the system and methods
to be used in collating, as far as possible, all existing soil survey material so that
it may be used as a basis for any subsequent countrywide reconnaissance soil survey.
To set in motion this work of collation, including the setting up of the basic
framework and training local staff in the methods involved.
To ensure an assessment iof the needs for a countrywide reconnaissance soil survey
and to assist in preparing a formal application for further Technical Assistance
in the light of the above findings.
To advise the Ministry on the general strategy of soil survey and soil utilization
studies."
The experts, Messrs. Van Baren and Ableiter, served in the country from
22 July to 4 November 1970 and from 30 September to 9 November 1970, respectively.
PAO is greatly indebted to the many, people who collaborated with the experts
during their assignment and who offered helpful advice and assistance, and especially
to Dr. J.J. Njoroge, Chief Research Officer, Mr. B. Ambrose, Research Adviser,
Mr. W.W. Uapakala, Senior Research Officer and Mr. Nelson Nyandat, Soil Surveyor,
all of whom are of the Research Division of the Ministry of Agriculture.
A special word of thanks is due to Dr. T. Wormer, Economic Planning Division,
Ministry of Agriculture for his day-to-day assistance and for the travel arrangements.

- 2 -

2.
2.1

BACKGROUND INFORMATION

General

Kenya is currently passing through a phase of intensive planning for agriculture,
and this implies a special demand upon those services most concerned in project
feasibility and project execution studies. As stated in Kenya's Development Plan
1970-1974, (11) j / a vital role in these studies must be played by an assessment of the
country's natural resources. As a part of this assessment, soil survey information is
needed.
This includes reliable soil maps and reports with interpretations of the
suitability of the individual soils for specific crops, trees and grasses and their
responses to management practices. This information provides the physical basis for
a determination of the areas relatively most suited for various types of development.
It is also useful in planning the location and construction of houses and roads.
The present staffing of the Soil Survey Unit, National Agricultural Laboratories,
must be regarded as inadequate to cope with the estimated heavy demand for soils data
in the near future. At present, about two percent of Kenya has been covered with
soil surveys, and this inadequacy of the knowledge of the soils must be regarded as a
serious obstacle to the accelerated development of agriculture envisioned for the
country.
In order to strengthen the soil survey work in Kenya there is a need to
train Kenyans in soil survey principles and methods. Plans are under study for
assistance to be provided on a bilateral basis by the Government of the Netherlands.
It is proposed that a Dutch team of soil survey and interpretation experts, a soil chemist
and a draftsman spend five years in Kenya in the training of local staff in soil mapping
and soil interpretations beginning the middle of 1971•
The Ministry of Agriculture recognizes that, on the basis óf the average annual
rainfall, the country can be divided into the following land classes according to
provinces as shown in Table 1.
Although the development of irrigation will open up new areas for agriculture
production and settlement, Kenya's population will, for a large part, remain dependent
on the land of high and medium potential, where most of the land is already occupied
for agricultural purposes.

\J

Numbers shown in brackets refer to References in Appendix I.

-

TABLE 1 .

_, , .
Total
in 000Area
ha.

3

-

LAND CLASSES BT PROVINCES l /

Land Classes i n OOO ha.

m

Province
Central
Coast
Eastern
Nairobi
Northeastern
Nyanza
Rift Valley
Western

1 318
8 647
15 703

Total Kenya

68

Percent of total
land area

Note:

I

II

909
374
503
17
—

15
796

III
40
5 949
11 165

2 189

12 690
1 616
17 387

1 219
3 020

836

741

—
—
34
123
-

58 267

6 783

3 157

42 234

11.9

5.5

74.2

Total area includes game r e s e r v e s , national parks, f o r e s t s ,
and open water.

38
12 69O

—
12 352

-

infrastructures

Land Class I :
Land of high p o t e n t i a l for a g r i c u l t u r e and-forestry with over
35 i n (89O mm) annual r a i n f a l l (40 i n or 1 015 mm i n Coast P r o v i n c e ) .
Land Class I I : Land of medium p o t e n t i a l for a g r i c u l t u r e , suited to stock r a i s i n g
and limited c u l t i v a t i o n (though some areas are densely populated).
Annual
r a i n f a l l : Coast Province 30-40 i n (760 - 1 015 mm); Eastern Province 25-35 i n
(635-890 mm); Nyanza and Rift Valley Provinces 30-35 i n (76O-89O mm).
Land Class I I I : Land with l e s s than 25-30 i n (635—760 mm) annual r a i n f a l l ,
suited t o stock r a i s i n g and/or w i l d l i f e , except t h a t s i s a l does well i n areas near
upper r a i n f a l l l i m i t .

l/

Source:

Kenya Development Plan I966-I97O, 1 acre = O.40468 ha.

-

2.2

4 -

E x i s t i n g Soil Survey Material
2.2.1

Areas covered

Although it was recognized as early as 1908 that "a soil survey (of Kenya)
is a pressing need" (Annual Report, Department of Agriculture, Kenya, 1907) (1),
it was only after the publication of the bulletin "Hints on collection samples for a
Soil Survey of British East Africa" by V.M. Kirkham (12) in 1913, and the appointment of
J.S. Gracie at the Chemistry Section of the Department of Agriculture in 1926, that
a start was made in the fields of soil classification and mapping.
This led to Gracie's publication in
the Soils in Kenya" (7). Reconnaissance
classification system (13), a publication
Africa" (14) was published by him in 1936

1930 entitled "A Preliminary Survey of some of
surveys continued and, based on Milne's 1935
entitled "A Provisional Soil Map of East
at a scale of 1:2 000 000.

In 1959 a 1:3 000 000 soil map of Kenya by G*H. Gethin Jones and R.K. Scott (9)
was published in the Atlas of Kenya \J.
Approximately the same map, but on a scale
of 1:4 000 000, is incorporated in the soil map of East Africa contained in the
publications, "The Natural Resources of East Africa", edited by E.V/. Russell. 1962 (19),
and "East Africa: its People and Resources", edited by W.T.W. Morgan, 1969 (16). Both
books contain soil chapters by R.M. Scott.
Milne recognized the importance of topography in the distribution of soils and
introduced the "catena" concept (soil—topography association) as a mapping unit. The
catena has also been shown on the 1959 soil map of Kenya, and the 1962 and I969 soil
maps of East Africa.
It may be noted that at present no small—scale surveys are conducted since it is
recognized that they are of restricted value for land use planning, project development,
settlements plans and extension work.
Since the year 1945, progress has been made in the production of more detailed
soil maps for areas earmarked for development.
The exact areas covered and the date and purpose of the surveys are given in
Table 2. The map reference numbers correspond with those on the map at the end of the
report.

l/ See Appendix II- for the legend of this map.
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TABLE 2.
Map scale

Year

SOIL SURVEYS CARRIED OUT UP TO OCTOBER 1970

Location

Map ref»

Area in

Intended
development

14 000

irrigation
irrigation

Reconnai ssance
Taveta
Nile basin i n c l .
Kano P l a i n s
Y a l a Swamp
other areas
Lodwar
1: 1 25O
Mwea
1:10 000
Sotik
1:30 000
1:250 000 \ l Upper Tana
Extension Nile basin
1:50 000
survey
1:50 000
Ewaso Ngiro
Nairobi-Thika-Machakos1:50 000
Yatta
Lambwe v a l l e y
1:50 000
1:100 000
Kano p l a i n
1:50 000
Upper Tana 4 /
1:25 000
1:50 000

1945
1956

1957
1958
1959
1959
I96I
1962
1963
1965
1967
1970

17
6
4
1
14
7
22

91 000
21 000
3 000
2 100
30 000
7 000
37 600 2/

irrigation
irrigation
tea
irrigation

10
12

88 000

irrigation
irrigation

15
5
6
21

597.400
32 000
30 400

general 3/
settlement
irrigation
irrigation

9
8

52 000
39 700
370 000
31 000
9 600
33 200
9 150
10 260
2 400
4 800
40 000

sugar cane
sugar cane
irrigation
sugar cane
cotton
settlement
settlement
afforestation
cassava
sugar cane
general

Semi detailed
1960
1961
1965
1966
1966
1967
1969
1969
1970
1970
1970

i
4/

Note

1:50
1:50
1:50
1:12
1:50
1:12
1:12
1:12
1:50
1:12
1:12

000
000
000
5OO
000
5OO
500
5OO
000
5OO
5OO

Songhor
East Konyango
Lower Tana
Mumias'
West Samia
Shimba Hills
. Mapenya (Lamu)
Turbo
Salim Rd. (Mombasa)
Ramisi
Kano plain

16
3
4
20
18
2
19
20
6

With some more d e t a i l e d maps at a scale of about 1:30 000
I r r i g a b l e area
Based mainly on airphoto i n t e r p r e t a t i o n
Restricted publication
!

List prepared i n co-operation with Mr. Nelson Nyandat, M. S c , Soil Surveyor,
National A g r i c u l t u r a l L a b o r a t o r i e s , N a i r o b i .

TABLE 2.
Year

Map scale

SOIL SURVEYS CARRIED OUT UP TO OCTOBER 1970
Location

Map réf..

Area in
ha

(continued...)
Intended
development

Detailed

300

1; 1 000
1 10 000
1' 5 000
1: 3 100
V 10 000
1: 2 5OO
1 3 100
1 2 5OO
1 Ï0 000

Kamleza-Taveta
Lower Tana
Ahero
Bunyale
Kwea
ITaivasha
Thika
University Farm
Galöle

17
16
6
4
14
11
15
15
16

1969
1970
1970
1970

1 : 3 125
1 : 5 000
1:12 000
1: 3 125
1 1 250
1 . 1 250

10
14
15
13
15

3 200

100
72

1970

1: 2 500

Kibos (Kisumu)
VJamumu (Kirinyaga)
Yatta (Machakos)
Ishiara (Embu)
Tigoni (Limuru)
Faculty of Agriculture
Kabete
Mwea

irrigation
irrigation
irrigation
irrigation
irrigation
irrigation
. research station
farm
irrigation and
demonstration
research station
cotton
irrigation
irrigation
research station

15
14

200
80

research station
research station

1964
1965
1966
1966

1967
1967
1968
1968
1968
1968
1968

4 000
1 400

300
1 550
770
340
70
550
160
440

The total area covered with soil surveys is about 1.5 million hectares, which
corresponds to approximately 2.5 percent of the country.
The grouping of the surveys into reconnaissance, semi-detailed and detailed is
based mainly on the density of field observations. . It has been observed that due to
lack of essential cartographic equipment and a qualified cartographer, most maps are
reproduced on an unnecessarily large scale. Without losing detail, the information
could have been represented on a much reduced scale.
All reports mentioned here are available for inspection in the Soil Survey Unit
of the National Agricultural Laboratories, Nairobi.
At the Chemistry Section of the East African Agriculture and Forestry Research
Organization (EAAFRO) about 700 micromonoliths from East Africa, with descriptions,
and physical and chemical characteristics are available. Most of the collection
dates back to the early days of soil survey work in East Africa, and is probably too
obsolete, for future profitable use.
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.2.2.2 Presentation of soil survey data
Most soil survey reports, depending on the objective of the survey supply the
following information:
a)

Introduction:

site location, purpose of the survey and the methods employed.

b)

General nature of the area: geology, physiography, soil genesis, climate,
water supply, vegetation, local economic conditions.

c)

Soils: general.

Mostly non-technical descriptions of the soils, usually with

limitations and possibilities for their agricultural use.
d)

Summary and preliminary proposals for the development of the area.

e)

References.

f)

Appendices: descriptions of representative profiles and the results of routine
physical and chemical analysis.

Soil maps accompany most reports, but sometimes only interpretative maps, such as .
land, irrigation, or crop suitability maps are included.
Soil descriptions usually follow standard terminology and definitions of the
USDA Soil. Survey Manual, while for the colour notation the "Munsell Soil Color Chart"
is employed.
Most surveys are based on the interpretation of air photographs, the availability
of which is outlined in Section 2.4 of this chapter.
2.2.3

Soil classification and interpretation
2.2.3.1

Soil classification

The soil classification systems used for most surveys do, not conform to
any major classification system.
The system which has been employed mostly,, is the
one based on the local environmental and morphological features of the soil.
This system
is based on the legend of the Soil Map of Kenya reproduced in Appendix II. The soil
parameters presently in use (see Appendix III), show that minor alterations in the legend
have been introduced.
In a few reports (East Konyango, Songhor) soils are correlated with Great
Soil Groups, while for the Lower Tana, Galole and the new Kano plain survey the 7th
Approximation has been employed.
The combination of parameters mentioned in Appendix II
to classify soils, depended on the purpose of the survey and additional parameters were
introduced when needed.
Because of these differences in the classification systems used
in the different areas of Kenya, correlation of most soils are likely to be possible only
at a high level of any classification system.
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2.2.3.2

Interpretation

As is the case with the soil classification systems, the interpretation of
soil survey data is done on an ad hoc basis depending on the objective of the survey.
No capability, crop suitability or other systems for the interpretation have been
prepared for use in the whole country.
In the Songhor, soil survey soils are interpretated for their suitability for sugar cane, maize, sisal, coffee and grazing capacity under
two management systems. Also the estimated attainable yields under customary and improved
practices are mentioned. A fertility evaluation is given for all soils, together with
their nutrient needs. Soils are also grouped in soil management classes, vihich is done
on the basis of drainage conditions, texture and slope. The East Konyango report carries
comparable information.
In other reports interpretations are only made with regard to
the special purposes of the survey.
2.3. Present Organization of Soil Survey Work
Soil surveys in Kenya are carried out mainly by the Soil Survey Unit, National
Agricultural Laboratories, Ministry of Agriculture (see Appendix II for the organizational
chart).
At present the unit has one professional soil surveyor.
One soil scientist is
working in the Department of Geography, Faculty of Arts, University of Nairobi under an
agreement with the Academy of Sciences, U.S.A.
He is presently working on a new survey of
the Kano Plain.
The Town Planning Department (Coast) of the Ministry of Lands and Settlement
prepared a map on the land potential and urban land requirements in Kwale and Kilifi
districts on a scale of 1:250 000. This map is mainly based on geological information.
Foreign consulting firms have carried out soil surveys, especially in the framework
of irrigation projects.
Most of the routine physical and chemical analysis of the soils are made at the
National Agricultural Laboratories.
The Department of Geography of the University of
Nairobi will soon have its own laboratory.
One fertilizer company carries out analysis of soils and leaves for fertilizer
recommendations.
Certain research projects may be referred to the East African Agriculture and
Forestry Research Organization, which forms a part of the East African Community.
Requests for soil surveys may originate from many Ministries or organizations. The
priorities are set by the Ministry of Agriculture.
In Kenya's Development Plan 1970-1974,
tentative lists of development projects are indicated and the need for carrying out soil
surveys in these priority areas is obvious.
In September 1969 the Agricultural Research Advisory Council was established. It
is expected that this will advise on the identification of research problems, progress of
current investigations, priorities for new research and on the research organization and
administration.
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In the Development Plan 1970-1974, the establishment of a Land Use Committee is
envisaged.
Its main objective will be to advise the Government on the best use of land
where conflicting interests exist, for example, where land could be used either for
cultivated crops, forests, or wildlife and tourism.
Besides the National Agricultural Laboratories, there exist a number of specialized
national and East African agricultural research stations (see Appendix IV).
They are
mainly undertaking studi es on the most important crops of the country, i.e. coffee, tea,
maize, wheat, pyrethrum, sisal, etc.
-There exist also a number of irrigation research stations dealing with a variety of
research projects. The most' important ones are the stations in Ahero and Mwea.
All stations concentrate their work on soil fertility aspects (fertilizer experiments, fertilizer recommendations to the producers), and none of them are carrying out
soil surveys.
2.4. Available Topographic Maps _l/
The following most important topographic maps, 'all in transverse mercator projection,
are available.
1:1 000 000 (SK 57 series), covering the whole country in two sheets, printed in
1967 with altitude tints at 500 ft and between 1 000 and 15 000 ft with intervals of
2 000 ft.
1:250 000 (Y 503 series), covering the whole country in 46 sheets, prepared and
printed in the last ten years and mostly based on the 1:50 000 maps.
These maps usually
have altitude tints at intervals of 1 000 ft and contours or formlines at intervals of
200 ft.
1:100 000 (Y 633 series), covering the low rainfall area in 127 sheets, prepared and
printed in the last ten years and mostly based on aerial photographs of the late fifties.
The major part of the maps have only formlines at about 200 ft intervals, a few have
contourlines. • The reliability of the relief is indicated to be fair to good.
The
numbers of the aerial photographs are usually printed oh this series of maps.
1:50 000 (Y 731 series), covering the high rainfall
the last.ten years and mostly based on aerial photographs
sheets are contoured, and 60 are formlined with intervals
sheets have contours at 20 m intervals.
The reliability
fair to good.
The numbers of the older series of aerial
on the map and those of the newer series are indicated in

area in 345 sheets, printed in
of the fifties.. About 120
of 50t 100 and 200 ft. New
of the relief is indicated to be
photographs are usually printed
a separate flight line diagram* ,

l/ These maps are obtainable from the Public Hap Office, Survey of Kenya, Nairobi.
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2.5

Available Aerial Photographs

\J

The following aerial photographs are available:
-

1:80 000 (about) covering some parts of the northern regions of Kenya.

„ — 1:50 000 (about) covering the whole country.
They were partly flown before 1950
and the rest of the country before 1960. Mosaics are available for many areas. A new
series of the country was made in 1967«
— Larger than 1:50 000, covering many areas in the high rainfall areas, usually where
development projects are located. Photographs are of different dates and constantly new
series are added to the collection.
2.6.

Other Available Supporting Map3 and Data

2.6.1

Geological Maps

A l a r g e part of Kenya has been surveyed and maps and reportB published.
Some
areas are being surveyed and some areas were mapped by airphoto i n t e r p r e t a t i o n (not
published).
The various maps, r e p o r t s and publications can be obtained from the Mines and
Geological Department of the Ministry of Natural Resources, N a i r o b i .
Many of the older
publications are out of p r i n t .
Such works may be r e f e r r e d t o i n the Department's
library.
Reference i s also made t o the bibliography of the geology of Kenya covering the
period I859-I968 ( 5 ) .
2.6.2

Vegetation and land use maps

In addition t o the vegetation and land use maps at a scale of 1:3 000 000 i n the
Atlas of Kenya, the following maps are a v a i l a b l e : 1:250 000 Kenya Vegetation Maps (D.O.S.
( L . R . ) 3006), sheets 1 and 3 of 4 sheets covering southwestern Kenya are published.
Climatic maps and an explanatory text w i l l accompany t h i s s e r i e s .
Prepared or i n preparation by the PAO Range Management Project and the Range Management Division of the Ministry of Agriculture are the following maps: 2 /

\J

These photographs are obtainable from Field Headquarters, Survey of Kenya, Nairobi,

2/

Information provided by Messrs. Trump and van Swinderen, FAO Range Management
Project.
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Roo Valley, South Nyanza D i s t r i c t , d e t a i l e d vegetation map.
Turkana D i s t r i c t , reconnaissance vegetation map.
Samburu D i s t r i c t , 1:500 000 land use maps of the d i s t r i c t and more d e t a i l e d maps
of the high p o t e n t i a l areas l i k e the Lerogi P l a t e a u .
Njemps Location, Baringo D i s t r i c t , 1:50 000 vegetation map.
Suswa a r e a , Narok D i s t r i c t , 1:100 000 vegetation map.
Narok D i s t r i c t , 1:500 000 land, use map with d e t a i l e d maps of the high p o t e n t i a l
areas l i k e the Loita H i l l s .
Kaputiei area, Kajiado D i s t r i c t , 1:100 000 vegetation map.
Marsabit D i s t r i c t , E of 37 longitude, 1:250 000 vegetation map.
I s i o l o D i s t r i c t , 1:250 000 vegetation map.
Lamu D i s t r i c t , 1:100 000 vegetation-land use^map
T a i t ä D i s t r i c t , 1:250 000 land systems map with d e t a i l s on high p o t e n t i a l areas
l i k e T a i t a H i l l s , Sagalla H i l l s , Maungu H i l l s arid Kasigau H i l l s .

. Several publications contain formation on vegetation (See Appendix I ,
8, 15, 17, 1S, and 2 7 ) .
2.6.3

references

Forest inventory maps

Kenya's closed forests cover about 1.7 million ha (4.3 million acres) or only
3 percent of the land area. Of these about 100 000 ha (25O 000 acres) are in the form
of plantations. Both types are concentrated in the highlands of southwestern Kenya.
Since many of the areas under forest are also suitable for farming, a question regarding
the allocation of areas to forest or farming easily arises. There has been a substantial
decrease in the forest area in southwestern Kenya. Although it is the policy of
Government to stop any further encroachment into forest land, in certain areas there isv
still pressure on the forest, mainly because of the rapid expansion of population.
Forest inventory maps on a scale of 1:10 000 are available for all forest reserves,
and on a scale of 1:25 000 of relatively large areas, mostly bordering existing forest
reserves and covering potential ones.
These maps are prepared and can be studied at the
Forestry Department of the Ministry of Natural Resources, Nairobi.
2.6.4

Meteorological and climatological information

A large amount of data and maps on the weather and climate of Kenya are available.
Reference is made to the List of Publications 1970, from the East African Meteorological
Department, j /
2.6.5

Other useful information

The FAO/UNESCO/lJMO Interagency Agroclimatology Project published a report entitled
"A Study of the Agroclimatology of thé Highlands of Eastern Africa" 2/. Part I of this
report supplies information on the meteorological and climatological conditions for crop
growth, i.e. rainfall, a.vailability of water, temperature, light, solar radiation.
\l
2/

Publications are obtainable from Director (Kenya), East African Meteorological
Department, Nairobi.
This report is obtainable from Publications Division, FAO, Rome, Italy or from the
Jenior Agricultural Adviser/FAO Country Representative, Nairobi.
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Part II deals with the production of crops like coffee, tea, pyrethrum, maize, wheat and
barley in relation to their requirements of the environment, including rainfall,
temperature and soils.
3.
3.1

CONCLUSIONS AND RECOMMENDATIONS

Present Situation

Table 2 lists 39 soil surveys, all of which, with one exception, have been carried
out since 1956. These surveys have been made under the auspices of a number of agencies
and/or firms providing technical services. Most of them have been made for an immediate
single objective such as the development of irrigation, settlement, or the production of
a specific crop.
The concepts of the individual mapping units and the nomenclature used
to identify them, naturally vary according to the interest and background of the survey
party. As a result, the soils may be identified by numbers only, by descriptive colour
names, by names of subgroups of the 7th Approximation, or as slope phases of soil types.
In most instances, laboratory analyses are reported for described profiles which may or
may not be specifically located.
These surveys and data are helpful to reach an understanding of the conditions in
the surveyed area, and should be used as such in the development of the soil survey
programme of Kenya.
Farther field examination and evaluation of laboratory methods will
be necessary to determine the exact contribution each survey possibly may make in the
programme of the future. Without such information as to the content of water-dispersible
clays, the percentage of "weatherable" minerals, the cation exchange capacity otT the clay
fraction and the presence or absence of numerous clay skins, it is difficult to conceive
how these surveys can be correlated and fitted into a scheme of soil classification. It
seems best to consider them as providing information on the level at which they were made.
Conditions of geology, vegetation, drainage, general soil properties and present use are
reported.
It would seem to be a waste of time to try to fit each of the reported mapping
units into a soil classification system, such as the 7th Approximation or that of the
Great Soil Groups, even though those groups are broadly defined.
After all, the total
area involved is a very small part of the total area of Kenya.
3.2

Objectives and Procedures of a Soil Survey Programme
3.2.1

Objective

A good soil survey must serve a practical purpose but most also be based on sound
scientific methods.
Soil surveys are essential if full use is to be made of farmer
experience and of research relating to the responses of soils to soil management. These
results need to be reported by specific soils. The soil survey makes it possible for
application of this knowledge to other areas of comparable soils and climate.
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3.2.2

Levels of detail

The degree of the detail of a proposed soil survey depends on several conditions,
such as:
-

relative intensity of potential use;
relative value per acre or hectare of labour and other inputs, such as fertilizer
and water;
,
the complexity of the pattern of unlike soils in the landscape and their degree of
contrast.

In a country like Kenya it should be recognized that soil surveys of different
levels of detail (intensity of coverage of the land surface) may be required in order to
meet demands for soil survey information. The following levels are recognized:.
Schematic exploratory survey and map: this may be developed from a knowledge of the
climate, geology, vegetation and land forms of an area with few or no field observations.
Maps are of small scale ranging from 1:500 000 to 1:1 000 000. Map units are associations of phases of great soil groups or of higher categories (suborders, orders).
Although the soil boundaries are generalized and the units broadly defined, such maps may
be interpreted in terms of the general character of the soils including such characteristics and properties as the general sequence and kinds of soil horizons, general colour
and structure of the soil profile, and may give an idea of the kinds of problems of land
use and soil management that may be expected.
Reconnaissance surveys: examination of the soil are made along lines of traverse or at
other selected sites. The result is that boundaries of the mapping units are observed
in part of their courses. Map scales may vary rather widely from 1:60 000 to 1:500 000.
The units are associations of phases of soil series or of higher categories (families,
subgroups). Because the map units are defined more narrowly than those of the schematic
map, and because soil boundaries are drawn in part from field observations, more
specific interpretations can be made regarding both the location and the kinds of soil in
the surveyed area. This also means problems of land use and soil management can be
related more directly to the areas shown on the map. On the other hand, the information
about any one spot on the map is less than precise because the units consist of more than
one kind of soil. Arrangements should be made' to obtain supplemental laboratory data
on some of the more common soils.
Detailed surveys:, boundaries of the mapping units are observed throughout their courses.
Scales are mostly about 1:20 000 but may range from 1:5 000 to 1:30 000. Detailed soil
surveys are mapped at three levels in the United States according to intensity of
coverage which is governed by the complexity of the soil pattern and the use that is to be
made of the information.
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Low intensity detailed surveys mostly, consist of associated phases of soil series
either where the soil pattern is extremely complex, or the individual kinds of soils are
not used intensively.
Por example, low intensity surveys may be used in the mapping of
rangeland where the cost of the added field work does not appear to be justified.
Medium intensity surveys are the most common throughout the farming area of the
United States. Mapping units consist of phases of individual soil series. Each mapping
unit.is described and defined morphologically and the needed interpretations form a part
of the published manuscript.
High intensity surveys are made in those areas where a knowledge of the detailed
soil pattern is highly important. The units are phases of soil series that are defined
in more detail for the purposes of the survey.
This is true of proposed irrigation
projects, of highway construction areas and of proposed housing projects where septic
tanks are to be used.
Stobbs (26) has reported on types of soil surveys but has used a slightly different
breakdown.
3.2.2

Aerial photo interpretation

An important initial step in the soil survey programme is a study and interpretation
of the aerial photographs covering the area to be surveyed.
The photos are used along
with the available information on geomorphology, geology, climate, vegetation, and land
use in order to acquaint the field party viith the physical conditions that will be
encountered, and to aid in reaching an understanding of the kinds of soil patterns that
exist in the area. In addition, this study will greatly aid the speeding up of fieldwork for more efficient planning in laying out traverses, and in giving a general
knowledge of what to expect on the traverse.
3.2.4

Field methods
3.2.4.1

Preparation of the mapping legend

After the study of the aerial photographs, and as a preliminary to the
actual job of drawing soil boundaries on the photo, it is necessary to prepare a list of
the mapping units that are to be identified and delineated on the soil map. This list
commonly consists of both a number and a name. The legend can be prepared only by
explanatory field studies of the principal soils which occur on the land forms determined
in part from the exercise of photo interpretation.
It may be necessary to call on the
laboratory at this time to determine certain soil properties, such as percentage of
organic matter, content of clay, base status, and percentage of "vieatherable" minerals that
axe important to the definition of individual soils. Consideration must be given also
to the permissible range to allow, such characteristics as texture, colour, profile
development, pH and slope and drainage for a given soil if the soils are to be consistently
mapped and have meaningful interpretations for the objectives of the survey.
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It is not expected, of course, that this mapping legend will be complete
or wholly satisfactory at first, because additions and changes must be made as a result
of the detailed observations made in the course of the survey and mapping.
It is
important that the list of the soils be as complete as possible and in the hands of all
soil surveyors when field mapping begins. This preliminary job of setting up the
legend may take weeks but it is essential that each man have a meaningful guide.
3.2.4.2 Preparation of the descriptive legend
The descriptive legend is an added guide for the field staff and also a
means to maintain consistency in the concept and delineation of the individual mapping
unit.
With personnel changes which are likely to occur during the course of the survey,
it is most important that a description of each mapping unit be available.
Furthermore,
ideas may change with time and mapping become inconsistent unless the concepts of units
are clearly recorded.
The descriptive legend consists of a profile description of each
of the important soils and a statement covering the character of each mapping unit.
3.2.4.3 The writing of the profile description
Por most soil survey reports in Kenya, use has been made of the USDA Soil
Survey Manual (SSM) (23) for the description of soil profiles. Soil surveyors have
experienced that most of the methods and terms defined in this manual are appropriate for
the soil oonditions and characteristics encountered in Kenya. Consequently, there seems
to be no need to discontinue its use. Although mainly the same as the SSM, the recently
published PAO publication entitled "Guidelines for Soil Description" (6) defines some
additional descriptive terras. \J
The use of the "Munsell Soil Color Chart" is already a standard, practice
and this should continue.
3.2.4.4 The writing of a description of the mapping unit
Experience in many countries indicates this work to be more difficult for
the field staff than writing the technical description of a soil profile. Whereas, in
actual fact, this is a narrative statement concerning the units delineated on the soil
map.
Items to include are:
-

\J

position of the landscape;
the soils vri-th which the unit is commonly associated;
the kind and proportion of mapping inclusions;
details on the topography and micro-relief that have significance;
presence of stones, mounds, or other features.

If the 7th Approximation is used, some additional demands to those of the SSM
will need to be met in the descriptions.

-

3.2.5
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The laboratory

The soil survey laboratory should be prepared to make those analyses that are of
particular significance to the characterization and definition of the kinds of soil, and
to carry out research that vail aid in an understanding of the soil processies that take
place in the soils or have contributed to their formation.
The soil survey laboratory should not be called upon to carry out routine analysis
of samples submitted by farmers for fertilizer recommendations. This is a part of
extension work.
This is important work and must be recognized, but as an adjunct to the
soil survey programme.

3.2.6

Interpretations

Soil surveys must be based on sound scientific principles and at the same time they
must be useful. They must be interpreted in terms of both regional objectives and local
needs.
They should be regarded as a prerequisite for planning both agricultural and
nonagricultural development. The soil descriptions and the soil map form the factual
information of a soil survey and have a longer "life" than the interpretations which may
be invalidated by changes in social and economic conditions and by the acquisition of
ne*f scientific knowledge l/ •
3.2.6.1

Interpretations for individual farms

As an example, the interpretations used in giving technical assistance to
farmers in the United States by the Soil Conservation Service may include the following,
depending on which are applicable: 2/
—
—
—
—
—
—
—
—
—
—
—

the need for drainage and methods of providing it ;
the adaptations of specific crops;
the hazards of erosion and methods of prevention;
the need for irrigation and methods;
the yields of adapted crops under specific practices of management;
the suitability of the soil for the construction of farm ponds;
the need for special measures of reclamation;
special cultural practices required by specific crops on specific soils, or
possible practices that reduce costs;
forestry practices applicable to wooded portions of farms;
grazing practices and carrying capacities for livestock on range lands;
needs of grazing animals for cobalt and copper.

\J

See Steele (24) for a detailed work on interpretations.

2/

Lectures on Soil Classification by Guy D. Smith, Pédologie, Special Issue 4 (21).
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3.2.6.2 Interpretations for watersheds
For watersheds where prevention of flooding and development of water supplies
and recreation are for additional purposes, further interpretations are required, such as
the rate of sediment production "by kinds of soils under specific management practices and
rate and amount of runoff of water.
3.2.6.3 Interpretations for irrigation projects l/
For irrigation projects, interpretations are required to:
—
—
—
—
—
—

indicate areas suitable for irrigation by various methods;
crops that may be grown and their expected yields;
problems in drainage;
special reclamation practices;
subsidence ;
water delivery and requirements.
3.2.6.4 Interpretations for drainage projects

For drainage projects that involve bringing in new land under cultivation,
the interpretations are comparable to those for irrigation.
3.2.6.5 Interpretations for forested lands
For areas to be continued as forestry land, interpretations are comparable
and include such items as:
—
—
—

adaptability and growth rates of specific species on specific kinds of soils;
problems of the management of forests including regeneration, control of
undesirable species, thinning and planting;
special interpretations on the construction of logging roads which include the
stability of slopes, hazards of erosion, and trafficability.

The above interpretations are not easy to make and are not as precise as
we would like. Knowledge of soil—pla.nt relationships has accumulated slowly, and much
has to be learned, especially in regard to the management of tropical soils, and special
attention should be given to their responses to fertilization.
3.2.6.6 'Interpretations of detailed soil maps
In order to assist in maiding interpretations of soils, use is made of the
following groupings of soils:
Capability classes: Soils are grouped into classes, subclasses and units on the basis of
the hazards and limitations of the soil and climate for the production of common crops.
The highest class is assigned to the soils with little or no limitations. (See Steele
(24) for details).
\J

The US Bureau of Reclamation has developed a system of land classification which
uses thé concept of relative payment capacity (28).
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Crop suitability classes; Soils are rated in several classes of suitability for the
production of specific crops under stated levels of management. These estimates are
early interpretations in the progress of a soil survey programme before data on yields,
in response to management, can be.obtained.
(See Steele (24) for details).
Yield estimates of soils for specific crops under one or more sets of management practices;
These estimates of production summarize the response of the soil and crop to management
practices and are most helpful for a determination of the crop suitability of a soil.
They require observations and records of yields over the years by soils and by management.
Groups of soils for range management; Soil surveys of range land are usually made at a low
level of intensity, and the mapping units are commonly soil associations or soil complexes.
The soils may be grouped into range sites to aid in their interpretation.- A range site
is an area of range land that produces a characteristic kind and amount of vegetation under
a given intensity of use. Ea.ch has a characteristic pattern of soils, topography,
climate and water supply. The interpretation of groups of soil mapping units into
range sites must not be either too general to account for important soil differences,
or too detailed to be applied in à practical manner.
In the extensive range areas of Kenya, range land surveys are carried out by the
Range Management Division of the Ministry of Agriculture, assisted by the UITDP/PAO Range
Management Project.
Groups of soils for woodland suitability; In the interpretation of soil surveys of
forested areas and of potential forest land, soil surveyors and foresters must work
together in the definition of soil mapping units and in their interpretations. One aid
in the interpretation is to place those soils together which have about the same adaptability and growth rates for specific species, and which present about the same problems
for their management. These groupings may be called woodland suitability groups. One
item of management is the building of accessible roads. This involves slopes, stoniness,
and certainty of the engineering properties of soils.
Engineering properties; Soil properties that influence plant growth are also properties
that affect engineering and many other non-farm uses.
Examples are the content of clay
and its ability to swell and shrink, the permeability to water, the conductivity, and the
depth to rock.
A slowly permeable soil horizon, for example, not onljr restricts root
growth but limits the use of a soil for septic tanks and makes a poor subgrade for a
highway. A high conductivity inhibits plant growth and may corrode a pipeline.
Interpretations of engineering properties of soils have to be made by the joint
participation of soil scientists and engineers.
Recreational uses; Recreation is an alternative use of the land, and the character of
the soil plays a.n important part in the suitability of specific areas. Poorly drained
soils, for instance, do not make attractive camp or picnic sites. This is also true of
steep rocky soils and of extremely sandy soils.
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Suitability for wild life: The character of the soil also plays a part in the determination of those areas suitable for wild life. The ability of the individual soils to
produce an adequate and proper food supply, and also the necessary cover, are factors
that should enter into the selection of such areas.
3.2.6.7 Interpretations of small—scale maps
Another system of capability classification is the one developed in
Brazil by Beek, Bennena and Camargo (3). Classes of soils were set up for several sets
of management assumptions. The system was used for the interpretation of small-scale
soil maps, but with some adaptation it may be used for surveys made at a larger scale.
This approach was also used by Beek (2) and Beek and Costa de Lemos (4) in East Africa.
The interpretation was based on the available information on soils, climate and topography.
It must be realized that the interpretation of maps at a scale of 1:5 000 000
provides estimates only of the approximate location of suitable areas for the development
of agriculture.
3.2.7

The soils handbook

The addition of the interpretations to the descriptive legend and of the analytical
data constitute the Soils Handbook.
This document serves as a permanent record of all
the data collected from the survey area and is the source of information for the soil
survey report of the area. The earlier it is prepared during the course of the survey,
the longer the period in which the information can be checked in the field prior to
publication.
Por further information see Smyth (22).
The responsibility for the preparation of the mapping legend, the conduct of the
day-to-day mapping procedures and techniques, the preparation of the descriptive legend,
of the interpretations, of the handbook, and finally of the report falls most heavily
on the survey leader.
3.2.8

The principle of interactions in soil use

The most important principle for guiding improved farming and agricultural development is the principle of interactions; each practice or each programme \irithin a system
affects all other components of this system, so that a proper combination gives a far
greater result than the sum of the several considered singly.
(Kellogg and Orvedal,
(10)).
Also another important fact is that maximum yield increases do not come from the
cumulative effects of improved practices when all necessary practices have been applied
(Smith (21)).
Por maximum crop production there must be optimum conditions in respect to
fertility; water control; plant varieties and disease, pest and weed control.
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The following examples of the principle of interaction are given:
— If only plant nutrients are added, responses may be disappointing.
In a part of
the tropics, plant varieties have been selected to withstand very low levels of plant
nutrients. These varieties may show no response to added fertilizers, even though
nutrient levels are very low. This proves to some that fertilizers are not needed.
Plant varieties that can make use of the higher fertility level must be introduced or
developed.
— If water control is neglected and water runs, off sloping fields, or if a high
fluctuating water table is permitted, fertilizers and improved plant varieties cannot be
effective.
—

If diseases, pests, and weeds are not controlled, they may destroy the crop.

— The introduction of improved varieties does not help unless plant nutrients are
added.
—

Control of water without fertilizers and good crop varieties may have little effect.

— The principle of interaction applies to practices in the field, to the various
practices of farm management, to planning for community improvement, and to the development
of a country.
3.2.9

Soil correlation and soil classification

The correlation of the soils of a given soil survey area may be stated briefly to
be the process whereby each kind of soil is properly recognized, defined, named, and
placed in a system of soil classification.
This is a most important part of a soil
survey programme if the units of mapping are to be consistently identified, delineated,
defined, named, and interpreted.
This is essential if the soil survey is to function
properly in the transfer of the results of experience and research gained from the soils
of one locality to those of another, the making of predictions of what will follow from
the use of soils in different ways, and what will be the long—term effects of such use.
See Simonson (20).
A system of classification, whether it be of roads, houses, or natural bodies such
as plants, animals, or soils, is an organization of knowledge so that the properties of
the objects can be better remembered, and their relationships understood more easily for a
specific objective. Any classification is based on the knowledge of the moment. It is
a device made by man for some purpose, and it involves the grouping of objects or things
on the basis of common properties.
Systems of soil classification have been developed over the years in a number of
countries.
It is only natural that they should vary because the experiences of men with
soils differ, and hence concepts of the soil and the emphasis to place on individual
soil properties and characteristics vary.
Perhaps the most outstanding differences in
soil classification systems today sxe those developed by the Russians, French, Americans
and by Professor Kubiena. While the American effort to develop a system based on soil
properties that can be measured and applied objectively has met with favour in parts of
the world, there is no one accepted world-wide system of soil classification.
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3.3

Recommendations

It is most important for the consistency and continuity of soil surveys that the
responsibility for the operations and conduct of the work be controlled by one agency,
such as the Soil Survey Unit of the National Agricultural Laboratories. This applies
particularly to the preparation of mapping legends, the correlation of soils, the drafting of the maps for publication, and its direction in the laboratory work.
There are probably ten or more agencies that have an interest in U3ing soil survey
information, and it is important that they have an opportunity to act in an advisory
capacity in the planning and carrying out of the soil surveys for the areas in which they
have a particular interest. One purpose is to see that useful interpretations will be
made.
It is suggested that a Memorandum of Understanding be developed with each of the
agencies.
Appendix V shows a draft proposal for such a Memorandum.
It is important that soil maps and the accompanying written material bo readily
available \o the public.
The printing or mimeographing of the report including the maps,
in a standard series is probably the most efficient way to insure against loss and lack of
use of the information, and should be an accepted policy.
There is a need to provide a laboratory staff, and space for the investigation of
those problems of particular concern to the soil survey programme. This includes a whole
list of unknown factors in respect to the behaviour and characteristics of the many kinds
of soils in the tropics. Among the list are improved methods for the dispersion of clays,
the cation exchange capacity of clay fractions, the mineralogy of the soil horizons, the
infiltration, movement and availability of water-, thin sections, and the behaviour of
nutrients, such as phosphorus and calcium.
For example, calcium is needed for cell
division, but calcium taken up by the roots in the upper horizons cannot be used by the
roots deeper in the soil because calcium moves only one way (upward) in the plant. Many
of the soils of the tropics are extremely leached of their bases.
Some of the required equipment and techniques may be too specialized for the required
determinations to be made in the near future in Kenya.
It is therefore suggested that a
check be made to see if some of this work might possibly be done overseas.
It is realized that the National Agricultural Laboratories are working on some of
these problems, such as clay mineralogy, soil physics, and soil chemistry, but much of
their effort is directed toward routine anlysis of nutrients to answer the requests by
farmers.
It wo\ild appear advisable to organize the laboratory so that one part of it is
designated as a Soil Survey Laboratory for soil research and a second part to deal with
routine analysis of soils, water and plants.
It is also realized that other laboratories in Kenya such as those of EAAPRO and
other agencies are working on some of these problems.
In planning for the long range soil survey programme of Kenya, consideration will
need to be given to each of the individual items listed under the objectives and procedures
of a soil survey.
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In the face of conflicts over the potential uses of land, it may be necessary
to arrange for soil surveys to provide the pertinent information about the kinds of soil
and their comparative suitability for farming, range, forestry, wildlife, housing, etc.
These surveys may be needed at schematic, reconnaissance, or detailed levels.
In the event of pressing demands for this kind of information, and the limited
experienced personnel available in the country, it may be advisable to contract for some
of this work from an outside source. It is important that standards of mapping be set
forth in the contract so that the survey will contribute, as far as it is feasible, to
the long range soil survey programme instead of adding to the list of variable soil surveys.
Problems of the priorities to be given to areas scheduled for a soil survey require
consideration of a number of factors including the acuteness of the need for soil survey
information, the benefits to be derived, the number of people involved, their ability to
make use of the information at an early date, and the problems that will be faced by the
soil survey team.
V.'ith this available information, it is suggested that the responsibility for decisions on priorities of soil survey areas be assigned to the proposed Land
Use Committee.
An important item in the soil survey programme is the training of local personnel
to carry out all phases of soil surveys. This needs to be done at various levels in
field methods, in soil correlation and soil classification, and in interpretations.
It should be regarded as a continuing part of the long term programme of the country.
It would be very useful if opportunities could be provided for the men to obtain fellowships for graduate study abroad and for attendance at regional, national and international
soil conferences.
Since the 7th Approximation scheme of soil classification defines the categories
precisely, but on the other hand is flexible enough to permit changes that may be needed
as a result of added information arising from field and laboratory work in Kenya, it is
recommended that this classification system be tested.
It is very important that the results of fertilizer application and yield data be
correlated with the ind.ivid.ual soil on which the research is made.
This will ensure
that these results can be applied in larger areas when the soil maps become available.
At present this correlation has not been carried out. As it is unlikely that the
Soil Survey Unit will have the time to do this work, it would be highly advantageous if
the Government of Kenya would request additional assistance for this purpose.
It is
suggested that this expert be assigned to the Chief Research Officer, Ministry of
Agriculture, and work in close cooperation with the PPHC Fertilizer Programme and the Soil
Survey Unit.
It seems very likely that a bilateral agreement between the Governments of Kenya
and the Netherlands for a group of soil scientists to work in Kenya will be concluded soon.
This team would establish 3.nd organize a Soil Survey Unit or Institute within the Ministry
of Agriculture.
The mission understands that the purpose is "To establish and organize
a soil survey unit which will produce information about the natural resources required

-
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for accelerated agricultural development and land use planning, and which by the end of
the project period should be staffed entirely by Kenyans."
A number of items may be emphasized:
a) It will be useful for the overall soil survey work in the country, if the
training programme includes, in addition to the staff of the Soil Survey Unit, people
from other Kenyan organizations, such as the Statutory Boards, Forestry Department, etc.
and its research stations (tea, coffee, etc.).
It may be recommended that some arrangement for the award of a diploma should be made for those completing the training.
b)_ It is of great importance that soil survey interpretations and studies on soil
chemistry and soil physics are included in the work of the Soil Survey Unit. This is
in addition to the organization of the field staff of soil surveyors and the training of
Kenyans.
c) There is a need to provide more space for the Soil Survey Unit.
space at the National Agricultural Laboratories is inadequate.

The present

d) Because a considerable portion of the time of the Dutch team will be spent in
providing training, and probably in a reconnaissance survey of areas of highest potential
for agriculture, they may not be able to meet all the demands for immediate surveys.
Here again, consideration may need to be given to parceling out some areas for survey on
contract.
e) During the five-year period, the Dutch team should be a great help to the
Ministry of Agriculture in the detailed organization of the Soil Survey Unit or Institute
in all phases of its activities.
3»4

Additional Comment on Organization

A request has been made that an Organizational Chart be added to the report simply
as a suggestion on how an Institute of Soil Science might be constructed in a government
•agency responsible for research and technical services dealing directly with the soil.
One of the difficulties is that a chart tends to suggest separate activities rather
than to show how each dovetails with its neighbour to form the whole.
Recently the team's attention was called to a chart showing seven separate blocks
as constituting the research and technical service activities of an Institute of Soils.
It seems this could end in the building of fences between activities which cannot be
separated to advantage.
Por example, interpretations of kinds of soil to show responses
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to soil management for specific crops, involve the three distinct trut interdependent
subjects of soil classification, soil management and crops.
: It is the team's belief that it is better to build small fences within a unit and
keep the major fences to a minimum, if at all possible. There must be close cooperation
and exchange of information across the board regardless of its structure.
Since interpretations of the kinds of soil require, first of all, the identification
of the kind of soil in the classification system, soil interpretations are placed under
Soil Survey.
Similarly, since soil conservation on an individual farm is largely a matter of
application of soil management practices, it has been placed together with soil reclamation,
including drainage and irrigation practices, under Soil Fertility and Soil Management.
It should be realized that whatever is accomplished, it is most important that
adequate communication exists among all the units and sub-units.

Soil Survey

Soil Fertility and Soil Management

Field operations
Soil correlation and classification
Interpretations (for alternative
uses) ^J
Map drafting
Economic evaluation of land

Soil
Soil
Soil
Soil

tillage practices
fertilizer practices
conservation
reclamation, drainage, irrigation

Soil Research Laboratory
plus: Soil routine analyses
Water analyses
Plant anlyses
\J

capability classes
crop suitability classes
yield estimates
woodland suitability
range management units
engineering
wildlife, etc.
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APPENDIX II
LEGEND OP THE SOIL MAP OF KENYA

1:3 OOO 000 l/

Well Drained Soils
Humid Regions
1. Strong brown loams (ando-like soils). Dark brown (7»5 YR 4/2) to dark greyishbrown (10 YR 4/2) high humic (5-8% carbon) "A" horizon, overlies a strong-brown (7*5 YR
5/6) weak crumbly, strongly acid, loam.
Buried soils a common feature. Derived from
volcanic ash and occur on dissected land between 5 000 - 10 000 feet. Rainfall over
50 inches.
2 . Dark brown loams (ando-like s o i l s ) .
Dark grey (10 YR 4 / l ) deep high humic
(5-10% carbon) "A" horizon, o v e r l i e s a dark brown (10 YR 4/3) subangular blocky loam.
Derived from tuff but have been influenced by the addition of more volcanic ash.
They
occur on l e v e l land between 8 000 - 10 000 f e e t .
Rainfall 45 inches*
3 . Dark brown sandy loams (podsolic s o i l s ) . Dark grey (10 YR 4 / l ) humic (2% carbon)
"A" horizon, o v e r l i e s a dark brown (7*5 YR 4/4) t o yellowish-brown (10 YR 5/6) subangular
blocky sandy loam.
Derived from both sediments and. basement complex rocks and occur
mainly on gently undulating land, between 4 000 - 7 000 f e e t .
Rainfall 45-55 i n c h e s .
Included i n t h i s group are s i m i l a r s o i l s found i n dissected country at a l t i t u d e s up t o
9 000 f e e t .
4. Pinkish-red sandy loams (latosolic soils).
Dark grey (10 YR 4/l) to reddishbrown (5 YR 5/4) high humic (3-5%) A" horizon, overlies a pinkish-red (10 R 7/6) strongly
acid loam to loam.
Derived from schistose rock and occur on highly dissected remnant 1
land surfaces at 6 000 feet. Rainfall over 45 inches.
5. Dark red friable clays with deep humic topsoil (latosolic soil).
Dark reddish
brown (5 YR 3/3) deep, high humic (3-7% carbon) "A" horizon, overlies a dark red (2-5 YR
3/6) subangular blocky friable clay.
Derived from both volcanic and basement complex
rocks and occur on the summits of broad flat-topped ridges, formed mainly by parallel
rivers, between 5 000 - 7 000 feet. Rainfall over 40 inches.
6. Dark red friable clays (latosolic soils).
Dusky red (2.5 YR 3/2) high humic
(3-5%) "A" horizon, overlies a dark red (2.5 YR 3/6) subangular blocky friable clay.
These soils are associated with (5) and occur on the more sloping land.

j/

Copied from Atlas of Kenya, First edition, The Survey of Kenya, Nairobi, 1959«
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Sub-humid Regions
7 . Red f r i a b l e c l a y s ( l a t o s o l i c s o i l s ) .
Dark reddish-brown ( 2 . 5 YR 3 / 4 ) medium
humic (1.5-3% carbon) "A" horizon o v e r l i e s a red ( 2 . 5 YR 4 / 8 ) weak subangular blocky
friable clay.
Derived from both v o l c a n i c and basement complex rocks and occur on g e n t l y
r o l l i n g land between 3 000 - 6 000 f e e t .
R a i n f a l l 25-45 i n c h e s .
8 . Dark red loams sands ( l a t o s o l i c s o i l s ) .
Reddish-brown (5 YR 5/4) low humic
( 0 . 5 - 1 . 5 $ carbon) "A" horizon, o v e r l i e s a dark red ( 2 . 5 YR 3/6) crumbly t o weak subangular
blocky loamy sand.
Derived from sediments and occur on high ground i n the c o a s t a l b e l t ,
between 100 - 500 f e e t .
R a i n f a l l 30-40 i n c h e s .
9 . Yellow t o red loamy coarse g r i t s ( l a t o s o l i c s o i l s ) .
Dominated by 80$ r e s i d u a l
g r i t and coarse sand, t h e s e s o i l s range i n colour from red through y e l l o w t o g r e y .
Derived from g r a n i t e , u s u a l l y a s s o c i a t e d w i t h "Inselbergs" on peneplains between 3 400 6 000 f e e t .
R a i n f a l l 20-40 i n c h e s .
10. Yellow-red loamy sands ( p o d s o l i c s o i l s ) .
Dark grey (10 YR 4 / l ) low humic
( 0 . 5 - 1 «5$ carbon) "A" horizon, o v e r l i e s a y e l l o w - r e d (5 YR 6/8) s t r u c t u r e l e s s loamy sand.
Some s o i l s of t h i s group show a p o d s o l i c c h a r a c t e r .
Derived from both sediments and
basement rocks and occur as a catenary component on the upper s l o p e s u s u a l l y a s s o c i a t e d
with peneplanation, but a l s o occur on high ground w i t h i n the c o a s t a l b e l t .
Found at
a l t i t u d e s from 100 - 4 000 f e e t .
R a i n f a l l 20-45 i n c h e s .
Semi-arid Regions
1 1 . Brown calcareous loams (chestnut s o i l s ) .
Pale brown (10 YR 6/3) t o brown
(10 YR 5/3) loam with weak subangular blocky s t r u c t u r e , showing l i t t l e or no p r o f i l e
development other than a heavier c a l c a r e o u s s u b s o i l .
Derived from v o l c a n i c ash and occur
on p l a i n s between 4 000 - 6 000 f e e t .
R a i n f a l l 20-25 i n c h e s .
12. Dark grey-brown calcareous c l a y loams ( r e n d z i n i c s o i l s ) .
1-4 f e e t of a very
dark grey (10 YR 3/1) t o a very dark greyish-brown (10 YR 3/2) c l a y loam o v e r l i e s secondary
limestone ("Caliche").
These s o i l s are f r e q u e n t l y a s s o c i a t e d with old l a c u s t r i n e d e p o s i t s
between 4 000 - 5 000 f e e t .
R a i n f a l l 20-25 i n c h e s .
13. Dark red sandy loams ( l a t o s o l i c s o i l s ) .
The low humic ( 0 . 5 - 1 $ carbon) "A"
horizon which i s barely d i s c e r n i b l e o v e r l i e s a dark red (10 R 3/6) weak subangular blocky
sandy loam.
Derived from the basement complex and v o l c a n i c rocks and are mainly
a s s o c i a t e d with peneplains between 1 000 - 6 000 f e e t .
R a i n f a l l 15—25 i n c h e s .
These
s o i l s are considered r e l i c s of a past more humid c l i m a t e .
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Arid Regions
14. Brown calcareous loamy sands and, sand dunes (desert S O Ü B ) .
Reddish-brown
(5 YR 4/4) wind-sorted "A" horizon, o v e r l i e s a brown (7«5 YR 5/4) calcareous, compacted
loamy sand.
Sand dunes are stable due t o the compacted s u b s o i l .
Derived from aeolian
deposits and occur on land surface between 1 000 - 2 000 feet which has suffered erosion
cycles.
Rainfall 5 inches.
15. Dark reddish—brown calcareous sandy l o a m s ( r e d desert s o i l s ) .
Dark yellowbrown (10 YR 4/4) t o yellow-red (5 YR 4/8) low humic (0.3-0.5% carbon) "A" horizon, overl i e s a dark reddish-brown (2.5 YR 3/4) calcareous sandy loam.
Derived from both sediments
and basement complex rocks and occur on plains between 1 000 - 5 000 f e e t .
Rainfall
5-10 i n c h e s .
Soils With Slight Seasonal Impeded Drainage
16. Very dark brown clay loams. Very dark grey (10 YR 3/l) humic (2-4$ carbon)
"A" horizon o v e r l i e s a very dark brown (10 YR 2/2) blocky clay loam, with rock brash,
which increases with depth.
These s o i l s are found overlying hard lava, but they may be
developed p a r t l y from volcanic ash.
They are found on steep slopes between 5 000 — 6 000
feet.
Rainfall 30-45 inches.
Includes s o i l s equivalent t o the Australian "Brown Earth."
17.
overlies a
may appear
a rainfall

Dark brown loams.
Brown (7.5 YR 5/4) high humic (3.7$ carbon) "A" horizon,
dark brown (7.5 YR 4/4) subangular blocky loam,
Mottling and iron concretions
at depth.
These s o i l s are derived from t u f f and occur on smooth downs under
of 35-45 inches.

18. Red t o strong-brown f r i a b l e clays with l a t e r i t e horizon.
Greyish-brown
(10 YR 5/2) medium humic (2-3% carbon) "A" horizon, o v e r l i e s a reddish-brown (2.5 YR 4/4)
to strong—brown (7«5 YR 5/6) sub-angular blocky f r i a b l e c l a y , with rounded iron concretions
which become massive with depth.
Derived from volcanic rocks and occur on level land
between 4 000 - 7 000 f e e t .
Rainfall 30-45 inches.
19. Light yellow-brown sandy loams with l a t e r i t e horizon.
Dark greyish-brown
(10 YR 4 / 2 ) "to d a r k Drown (10 YR 4/3) low humic (0.5-1.5% carbon) "A" horizon, o v e r l i e s
l i g h t yellowish-brown (10 YR 6/4) sandy loam, with i r o n concretions, which become massive
with depth.
These s o i l s are associated with the 4 000 feet peneplain, and may be
derived from transported m a t e r i a l .
Rainfall 20-40 i n c h e s .
20. Brownish-yellow loamy sands with l a t e r i t e horizon.
Grey (10 YR 5/1) t o greyishbrown (10 YR 5/2) low humic (0.4-0.6% carbon) "A" horizon, o v e r l i e s pale yellow (2.5 Y
8/4) t o brownish-yellow (10 YR 6/8) s t r u c t u r e l e s s loamy sands.
I r o n concretions may appear
at depth.
These s o i l s are probably mainly derived from c o l l u v i a l and transported material
and occur as a catenary component on middle and lower slopes on undulating land between
1 000 - 4 000 f e e t .
Rainfall 20-45 inches.
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Seasonally Waterlogged Soils
21. Very pale brown mottled loamy sands with laterite horizon (ground-water
laterite).
Dark grey (10 YR 4/1) to light grey (10 TR 7/1) "A" horizon, overlies a very
pale brown (10 YR 7/3) mottled loamy sand.
Iron concretions appear at depth and may
become massive. Derived from colluvial and transported material and occur as a catenary
component on the lower and bottom slopes in undulating topography between 1 000 - 4 000 feet.
Rainfall 20-45 inches.
Soils With Impeded Drainage
22. Black clays (grumosolic s o i l ) .
Consists of a range of "Black Cotton" s o i l s
and include the calcareous and non-calcareous v a r i a n t s .
These are mainly derived from
colluvium and occur on p l a i n s varying i n a l t i t u d e from sea level t o 7 000 f e e t .
Rainfall
15-45 i n c h e s .
2 3 . Dark brown clay loams (grumosolic s o i l s ) .
A self-mulching dark brown
(.10 YR 3/3) clay loam merging i n t o a blocky calcareous c l a y .
These s o i l s are derived
mainly from colluvium i n low-lying bottom lands between 3 000 - 4 000 f e e t .
Rainfall
20-25 i n c h e s .
24. Brown clay (grumosolic soils).
Dark greyish-brown (10 YR 4/2) to black
10 YR 2/1) "A" horizon, overlies a dark brown (10 YR 4/3) blocky clay, becomes pale olive
5 Y 6/3) with depth. Mainly derived from sediments and occur on both high ground and
low-lying areas i n the c o a s t a l b e l t from sea level t o 800 f e e t .
Rainfall 25-35 i n c h e s .
Poorly Drained Soils
25. Dark peaty loams (alpine meadow).
These soils range in colour from a dark
reddish-brown (5 YR 2/2) to black (5 YR 2/l) shallow, acid peaty loams with rock outcrops.
Derived from both basement complex and volcanic rocks and occur on smooth rolling land,
between 9 500 - 14 000 feet.
26. Grey mottled clays (gley soils: "vlei soils"). Dark greyish-brown (10 YR 4/2)
to dark brown (10 YR 3/3) humic (3% carbon) "A" horizon, overlies a grey (10 YR 5/1) to
dark-grey (10 YR 4/1) mottled clay. These soils are derived from colluvium in low-lying
bottom lands at 5 000 - 7 000 feet. Rainfall 20-45 inches.
27. Grey compacted loamy Bands (solodized solonetzic soils).
Grey to dark grey
(10 YR 5/I-4/1) gritty sands with deflocculated clay and a cemented loamy sand "B" horizon.
Exchangeable sodium is present throughout the profile. These soils are derived from
colluvium and occur on level to gently sloping land usually adjacent to the black clays
between 4 000 - 6 000 feet. Rainfall 25-45 inches.

- 32 -

28. Bark brown clays with light textured topsoils (planosolic soils). Greyishbrown (2.5 Y 5/2) humic (2-4% carbon) weak crumbly silt loam passes into light brownishgrey (2.5 Y 6/2) slightly compacted mottled silt loam with iron concretions. This
overlies abruptly a very dark greyish-brown (10 YR 3/2) blocky columnar clay. These
soils occur on both level and sloping land between 5 OCX) - 9 000 feet. Rainfall
30-45 inches.
29. Saline and alkaline clayB (aolonehak). Consist of either saline or alkali soils
as shown by specialised vegetation or bare land.
These soils are derived from colluvium
in low-lying bottom land from sea level to 2 500 feet. Rainfall 20-44 inches.
30.

Peaty swamps.

Peaty soils subjected to seasonal or permanent water table.
Lithosols and Regosols

31. Alluvium and recent lacustrine deposits. Old river sediments as well as those
now being added to the flood plain, and lake deposits of geologically recent origin,
without developed morphology other than a more humic surface horizon.
32. Coastal sands. Greyish-brown (10 YR 5/2) to brown (10 YR 5/3) loose sands
with incipient downward development of a more reddish colour.
33. Coral rag. A shallow dark grey (10 Y 4/l) loamy sand with coral outcrops.
Includes red and yellow—red sandy loams whose origin is probably due to transportation.
34« Ash and pumice soils. These soils show no profile development other than a more
humic surface soil.
Dark greyish-brown (10 YR 4/2) humic (2% carbon) silt loam "A"
horizon, overlies a brown (10 YR 5/3) loose loamy fine sand.
Derived from recent
unconsolidated volcanic ash on smooth rolling to level land at 2 000 - 7 000 feet.
Rainfall 20-30 inches.
35» Lava boulders. This refers to a dominant feature of the land surface rather
than a soil.
The land surface is covered by lava boulders from continuous boulder cover
with small pockets of dark soil to a shallow soil made up of boulders in a matrix of dark
brown to orange-brown clay loam.
36. Shallow stony soils with rock outcrops. Variously developed soils which have
been subjected to geological and recent accelerated erosion and have lost their original
characteristics.
37.

Rock and ice.

38.

Steep slopes and escarpments.
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APPENDIX

III

PARAMETERS USED FOR THE CLASSIFICATION OF THE SOILS OP KENYA j /
1.

Drainage
Well drained
Impeded drainage
Seasonal high water table
Seasonal poor drainage
Permanent swamp

2.

Colour
Notation of both topsoil and subsoil according to the Munsell Soil Color Chart.

3.

Texture
The following groups of USDA textural classes are recognized for field mapping:
-

sand and loamy sand;
sandy loam, loam and sandy clay loam;
clay loam, sandy clay and silty clay;
clay.

Both topsoil and subsoil textures are taken into consideration.
4.

Depth
The class limits for soil depth are as follows:
-

5»

0-60 cm
60-120 cm
more than 120 cm.

Stoniness
Soils are considered stony when rock boulders are present within 60 cm from
the surface.

6.

Slope
Two slope classes have been recognized:
-

\J

slopes less than 8
slopes greater than 8

Information provided by Mr. Nelson Nyandat, National Agricultural Laboratories,
Nairobi.
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7«

S a l i n i t y and A l k a l i n i t y
Exact c l a s s i f i c a t i o n of s a l i n e , a l k a l i or s a l i n e - a l k a l i s o i l conditions i s
based on laboratory d a t a , but they can usually be distinguished i n the f i e l d
by the performance of crops, s o i l t a s t i n g and pH determination.

8.

Pans
Three pans are recognized:
-

9.

clay pan;
fragipan;
laterite pan.

Content of Carbonates, Soluble Salts, etc.
Calcium carbonate concretions and free lime are common features in soils with
impeded drainage; free lime occurs sometimes in well drained soils. Calcium
sulphate may also be found in soils with impeded drainage.

Appendix IV
MINISTER
ORGANIZATION OF THE MINISTRY OF AGRICULTURE, INCLUDING
THE NATIONAL

AGRICULTURAL

CENTRAL
AGRICULTURAL
BOARD

LABORATORIES

r

STATUTORY
BOARDS
1

ASSISTANT
MINISTERS

PERMANENT
SECRETARY

ECONOMIC
PLANNING
DIVISION

1

WATER
D3VEL.

L_l CROP

RANGE
MANAG.

PROD.

H

ANIMAL
PROD.

DEPARTMENT
OP
TECHNICAL SERVICES

DEPARTMENT OF
ADMINISTRATIVE
. SERVICES

DIRECTOR OP AGRICULTURE

DEPUTY SECRETARY

LIVESTOCK
MARKETING

VETERINARY
SERVICES

SCIENTIFIC
RESEARCH

PROVINCIAL
DIRECTORS

FARM
TRAINING
MANAG.
7"

I
TECHNICAL
SERVICES.

NATIONAL
AGRICULTURAL
LABORATORIES

I

CHEMISTRY
SECTOR
SOIL ANALYSIS
LABS UNIT

AORIC.CHEMISTRY
UNIT

I

1ZZ

CLAY MIN.
UNIT

ENTOMOLOGY
SECTOR

SOIL SURVEY
UNIT

PLANT PATH
SECTOR

- WATER DEV.
LAND ©EV.
FARMER I 5 8 RANGE MANAG.
CROP PROD.
' S5 OT
D « - ANIMAL PROD.
SOIL PHYSICS
W
UNIT
x • VETERINARY SERV.
«
DISTRICT
OFFICES

ADMINISTRATIVE
SERVICES

ACCOUNTS
PERSONNEL
SUPPLY
TRANSPORT
• OFFICE SERV.
REGISTRY

- 36 -

APPENDIX

V

SUGGESTED DRAFT FOR A MEMORANDUM OF UNDERSTANDING

This Memorandum of Understanding between the Ministry of Agriculture and the
(Ministry or Agency) in respect to soil surveys in Kenya, is proposed to provide a basis
of mutual understanding and cooperation in the carrying out of soil surveys.
It is agreed that:
1. The Ministry of Agriculture has the major responsibility for the soil survey
programme in Kenya, including soil correlation and classification.
2.

The (Ministry or Agency) may recommend priorities of areas for survey.

3. The (Ministry or Agency) may participate in the field operations and interpretations of those areas in which they may have particular interest.
4. Before initiation of such surveys, a work plan will be prepared to show the
exact contribution of each agency (money, personnel, equipment, etc.) the
extent of the area, the detail to be mapped (reconnaissance, low intensity
detail, etc.) and the kinds of interpretations to be made.

KENYA
COVERAGE WITH SOIL SURVEYS CARRIED OUT UP TO OCTOBER 1970

34 l o n j t t u i e Ettt of Grceiswidi 2
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NUMBERS OF SOIL SURVEYS REFER TO TABLE 2

