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Part of the region of broad ridge topography on the high ground of the eastern

flank of the Rift Valley. Note the high density of habitation and the high intensity

of use of the ridge tops for seasonal subsistance crops and of the steep valley sides
for wattle (the heavily treed areas) and coffee (the closely terraced areas).
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Soils of Nairobi-Thika-Yatta-Machakos Area

R. M. Scort

INTRODUCTION

The original project, which was initiated by Gethin Jones' in 1952, was
to study the technique of air-photo interpretation of soils and was at first
confined to the Nairobi-Thika-Donyo Sabuk-Athi River rectangle, consisting
of four 1:50,000 sheets. The area was chosen because it gave a variety of
soils over a wide range of climatic conditions, and being situated near Muguga
work could be carried on when the section was not committed to other pro-
jects. This survey was carried on intermittently until 1954 when a start was
made in compiling the soil map of Kenya and Tanganyika. Over the years,
requests have been made for copies of this map: in view of this, it was
decided in 1958 to complete this map and to extend the area eastwards, one
large soil group having already been mapped in an adjacent area by the
ecology trainees under Mr. Trapnell, when they were studying a particular
soil-vegetation relationship in the Yatta area. The map now covers most of
the ground included in Mr. Trapnell’s land use and vegetation survey of the
Nairobi area and has been of value to this project. The Directorate of Over-
seas Surveys kindly undertook to have these maps printed.

The procedures followed in the analysis of these soils are mentioned in
Appendix B.

PYHSIOGRAPHICAL FEATURES

The area included on the eight 1:50,000 maps lies between 36" 45° E to
37° 45 E and 1° 00’ S to 1° 30’ S and comprises about 2,346 square miles.
The area can be divided physiographically into four zones:—

(@) the high ground of the eastern flank of the Rift Valley:
(b) the Athi and Kapiti plains;

() the central hill masses of the Machakos District;

(d) the partially dissected peneplain country of the east.

(@) Tue HigH GROUND OF THE EASTERN FLANK OF THE RIFT VALLEY

This has a steep downward slope in an easterly direction and terminates
with the Athi and Kapiti plains. The drainage is consequent, follows the slope
and comprises numerous streams giving rise to parallel ridges which get
broader as the streams converge. The majority of these streams are still down
cutting, and as a result of this the ridges have convex to uniform slopes.




(b) THE ATH1 AND KAPITI PLAINS

The Athi plains, which are mainly underlain by phonolite lava an. .ff,
are flat and end in a bluff just west of the Athi River, the bluff repres ing
the end of a lava flow. At present this plain is being dissected by = wn
cutting rivers which flow into the Athi.

The Kapiti plains occur east of the Athi River, where the topogra; i
more variable, from gently undulating to flat, with a number of sma! s
protruding above the general land surface. The underlying rocks are vo! ic
lavas, tuffs and basement complex. Being in a drier region where the- re
no permanent streams the dissection is not so severe although gully ¢1 on
can be seen.

(¢) THE CENTRAL HiLL MASSES OF MACHAKOS DISTRICT
These hills consist of the Mua, Iveti, Kanzalu range and Donya Sa' .k:

all tend to rise abruptly from the plains. They are all steep sided anc are
being actively dissected; in places this is being accelerated by poor ind
management,

(d) THE PARTLY DISSECTED PENEPLAIN COUNTRY OF THE FAST

This area tends to be very dry, the rainfall generally being under 30 in.
per annum. The topography tends to be gently undulating to rolling wiih a
central flat portion on the Yatta Plateau, The Athi River skirts the wesiern
side of this lava flow and the drainage system from the adjacent Kan,alu
range is down cutting, mainly by gully erosion,

Climate ¢
The rainfall varies from over 55 in. to under 20 in., while altitude ranges

from over-ﬁ.OOO'ft. to under 4,000 ft. giving marked variations in temperature.
Higher rainfall is usually associated with higher altitude.

METHOD OF SURVEY

The air photos (which were taken by the R.A.F. in 1948) were studied
under a stereoscope before work in the field commenced and boundary lines
were drawn round the various shade tones, vegetation and relief patterns. By
using planned road traverses nearly all these different patterns could be
investigated and, where these were related 1o soil, boundaries were inked on
the photos. Where no road passed through a pattern, checks where possible
were made on foot, The information was transferred from the photos to the
130,000 base map on return from the field. A number of representative soil
profiles were taken for correlation of the soils as well as for analysis.

The Value and Limitations of Aerial Photos

~ The most .irpmedigte advantage of aerial photos was the ability to pin-
point one's position quickly and accurately on the photo by using both relief
and vegetation features. Thus any soil boundary could be fixed accurately
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and then transferred to the 1: 50,000 base map. Using the stereoscope, various
relief patterns such as steep slopes, rocky outcrops, plains, etc., could be
delineated on the photo without having to check them on the ground.

During the survey it was found that soil boundaries could be delineated
on the photos where natural vegetation or perennial crops were present. How-
ever, in areas where annual cropping and particularly subsistent cropping were
practised, it was found practically impossible to detect boundaries apart from
wet lands, which were often left uncultivated. This may be due to the fact
that in many cases the photos had been taken just after harvesting and there-
fore any soil changes, as reflected by vegetative growth wou Id not be apparent.

Generally, for a particular area, different vegetation patterns and varying
shade tones (which usually indicate a different vegetation type) seen on the
photos, indicated differing depths and degrees of drainage and wetness of the
soil. In some cases it also indicated soils of different texture. The presence
or absence of termite or other such mounds very often helped in separating
soils of similar depth or wetness: a case in point would be between the black
grumosolic soils on the Athi Plains and the adjacent vlei soils. These soils
could also be separated by the presence or absence of Acacia drepanolabium
which show up small specks on the grumosolic soils.

Soil Classification and General Descriptions

The classification system is based on that of the soil map of the Kenya
Atlas’, where the soils are mainly separated at world group level. However,
as this survey was carried out as an exercise in the interpretation of aerial
photos, the separation of soils had to be largely based on what could actually
be seen on the photos. As a result, some areas have had to be mapped as
composite units since, although genetically different soils occurred adjacent to
one another they could not be separated on the photos. In most instances, SO
doing is considered justified for the very reason that such soils have so many
features in common and so few differences that they support very similar bio-
logical communities. Hence the agricultural value and management require-
ments of each of such soils may be expected to be very similar to those of the
other members of the composite unit.

Thus the soil maps do give a good general picture of the area and are a
guide as to where more detailed soil studies are required.

The first separation has been made on drainage. The well-drained goils
have then been subdivided into climatic regions as follows:—

1. Humid regions ... 40 in. and over
2. Sub-humid regions 30 in.-40 in.
3. Semi-arid regions 20 in.-30 in.

Other categories have also been introduced for lithosol and regosols and
steep slopes have been delineated.
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WELL-DRAINED SOILS
Humid Regions

1. STRONG BROWN TO YELLOW-RED FRIABLE CLAYS (ANDO-LIKE SoILS)

A dark reddish-brown (SYR 3/4) high humic (5-10 per cent carbon) '\
horizon overlies a strong-brown (7.5YR 5/6) to yellow-red (5YR 5/8) v 1k
crumbly friable clay derived from volcanic ash. Below this there may a
series of buried ash soils similar to the above, each with its humic hori 1.
At depth there is a red (2.5YR 4/6) subangular blocky, friable clay, bein e
buried soil of the former land surface.

2. REDDISH-YELLOW SANDY Cray Loams (LATOSOLIC SoiLs)

A dark grey (10YR 4/1) to dark greyish-brown (10YR 4/2) high hi -
(3-5 per cent carbon) “A” horizon, overlies a reddish-yellow (5YR 7/6 8)
subangular blocky, sandy clay loam. Below this, usually separated by a s.. ¢
line, pink and white weathered shistoze rock occurs,

3. DARK RED FRIABLE Crays (LaTosoLic SoiLs)

Dark reddish-brown (5YR 3/3) high humic (3-7 per cent carbon) "
horizon overlies a dark red (2.5 YR 3/6) subangular blocky friable clay with
clay skins derived from both volcanic and basement complex rocks.

Sub-humid Regions

Semi-arid Regions

5. DARK RED SANDY CLAY Loams (LATOSOLIC)

_ Dark reddish-brown (5YR 3/4) low humic (5-1.5 per cent carbon) “A"

horizon overlies a dark red (2.5YR 3/6) weak subangular blocky sandy clay
loam. Derived from basement complex rocks,

6. REDDISH-BROWN SANDY Cray Loams

A dark brown (10YR 4/3) low humic
overlies a reddish-brown (5YR 4/4) weak
Although underlain by tuff, this soil is

(.5-1.5 per cent carbon) “A* horizon
subangular blocky sandy clay loam.
mainly derived from mantle :::aterial.

7. YELLOW-RED COARSE SANDY Loams

A brown (7.5YR 5/4) low humic (.5

1.5 per cent carbon) “A” horizon
overlies a yellow-red (SYR 4 /8) loose, st 44

ructureless coarse sandy loam.
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SOILS WITH SLIGHT SEASONAL IMPEDED DRAINAGE

8. RED FRIABLE CLAYS WITH LATERITE HORIZON

Dark reddish-brown (5YR 3/3) to reddish-brown (5YR 4/4) low humic
(.5-1.5 per cent carbon) “A” horizon overlies a red (2.5YR 4/8) weak sub-
angular blocky friable clay—at depth massive laterite usually present. Phono-
lite boulders are frequently exposed on the surface.

9. YELLOW-RED SANDY CrLay LoamMs witH LATERITE HORIZON

Dark reddish-brown (SYR 3/4) to reddish-brown (5YR 4/4) low humic
(.5-1.5 per cent carbon) “A” horizon overlies a yellow-red (S5YR 4/8) weak
subangular blocky sandy clay loam; a massive laterite horizon containing
quartz gravel occurs at depth.

10. BRowN SanDY CLay Loams wiTH LATERITE HORIZON

Dark grey (10YR 4/1) low humic (.5-1.5 per cent carbon) “A” horizon
overlies a brown (I0YR 5/4) weak subangular blocky sandy clay loam; a
massive laterite horizon containing quartz gravel occurs at depth.

11. SHALLOW YELLOW-BROWN TO YELLOW-RED FRIABLE CLAYS OVERLYING A
LATERITE HORIZON OR ROCK
Brown (10YR 5/3) low humic (.5-1.5 per cent carbon) “A” horizon over-
lies a yellow-brown (I0YR 5/4) subangular blocky friable clay with iron
concertions passing into a massive laterite horizon

or

Brown (I0YR 5/3) low humic (.5-1.5 per cent carbon) “A” horizon
overlies a yellow-red (SYR 4/8) subangular blocky friable clay passing into
rock.

SOILS WITH IMPEDED DRAINAGE

12. DARK GREYISH-BROWN CALCAREOUS CLAYS (RENDZINIC SoILS)

A very dark grey (10YR 3/1) to dark greyish-brown (10YR 4/2) angular
blocky clay overlies secondary limestone (caliche).

13. DARK GREY TO DARK GREYISH-BROWN CALCAREOUS CLAYS WITH LIGHT
TexTURED ToPSOIL
Dark greyish-brown (2.5Y 4/2) low humic (1-2 per cent carbon) slightly
compact crumbly loam overlies a dark grey (I0YR 4/1) to dark greyish-brown
(2.5Y 4/2) angular blocky clay. A quartz stone line may separate the above
horizons. At depth secondary limestone (caliche) occurs.

14. BLack To DARK GREY CrLAYS (GRUMOSOLIC SOILS)

These consist of a range of “Black Cotton™ soils and include the calcare-
ous and non-calcareous variants.
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POORLY-DRAINED SOILS

15. DARK GREYISH-BROWN, MOTTLED CLAYS (GLEY SoiLs, VLEI Soi:
Very dark grey (10YR 3/1) to greyish-brown (10YR 5/2) humic (2-3 per

cent carbon) “A” horizon, overlies a greyish-brown (10YR 5/2) an;ular

blocky, mottled clay.

16. DARK GREY COMPACTED LOAMY SANDS (SOLODIZED-SOLONETZ SO -
Dark grey (10YR 4/1) sands with deflocculated clay and a cer: '“".d

loamy sand “B” horizon. At depth a black (I0YR 2/1) angular blocky « is

usually present.

17. PEATY SwAMPS

Peaty soils subjected to seasonal or permanent water table.

LITHOSOLS AND REGOSOLS
18. ALLuvium
Old river sediments as well as those now being added to the flood )lain
without developed morphology other than a more humic surface horizo:
19. SHALLOwW STONY SoILS wiTH Rock Outcrors

Variously developed soils which have been subjected to geological and
recently accelerated erosion and have lost their original characteristics.

The numbering of the soils follows the legend of the | 150,000 soil maps
to this report.

SOIL OCCURRENCES AND THEIR GENESIS
As each physiographic zone tends to have distinct soil associations, (he

soils will be discussed in relation to the physiographic zones, the first zone
being the high ground of the eastern flank of the Rift Valley.

SOILS OF THE HIGH GROUND OF THE EASTERN FLANK
OF THE RIFT VALLEY

'I_'his pl}ysiographic zone can be subdivided into three regions on a topo-
graphic basis as follows: —

A. Dissected, narrow ridge topography.

B. Broad ridge topography.

C. Gently undulating topography on very broad ridges.
A. SoILs OF THE REGION OF DISSECTED Narrow RIDGE ToPOGRAPHY

steep uniform slopes down to the
annum and during the cool season,
in mist for most of the day, while
crops on low ground,

streams. The rainfall is over 50 in. per
from.Junc to August, the area is shrouded
the nights are cold and frost may damage
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Because the streams are still down cutting, the valley sides are uniform,
giving uniform drainage conditions. As a result, the soils of this region fall
into one main group, this being the Strong brown to yellow-red friable clays
(ando-like soils)—Soil No. 1. These are polygenitic soils derived from a
number of intermittent volcanic ash showers falling on well-developed red
soils of an old land surface. Between each ash shower there must have been
sufficient time for a soil to develop as buried humic horizons are a common
feature. Another interesting feature is that these polygenetic soils are found
on the slopes as well as the summits, indicating that the land surface was
already highly dissected before the ash showers fell. The main bulk of this
soil group occurs outside the mapping area; here as many as four such buried
humic horizons have been seen in one profile. Within the mapped area itself,
the buried soils are not so numerous and this suggests that either the area is
further away from the source of ash or part of the ash-derived soil has been
removed by erosion,

These ash showers must have fallen in comparatively recent times since,
in general, they have remained intact on the summits and slopes, and only on
the stream banks do the ash soils tend not to be present. These soils show high
rainfall acceptance and therefore under natural conditions, erosion is unlikely
to have been severe. Due to their low fertility they have not been persistently
cultivated and this again has lessened the chances of erosion.

Due to the unconsolidated nature, the small particle size and the climatic
conditions, the ash must weather rapidly. Profile descriptions and chemical
analyses of this soil group can be seen in Appendix A (la). A profile of a
sample taken outside the area has also been included at Appendix A (1b).

These very acid soils are highly leached, have a base saturation of less
than 10 per cent and the total exchangeable bases are less than 1 me./ 100 gm.
in the subsoil. It will be noticed that the presence of a buried horizon is
marked by a rise in organic matter.

There appears to be a tendency for the buried humic horizons to show
increases and decreases of the following compared to the adjacent soil
horizons.

1. Both carbon and nitrogen tend to increase but the C/N ratio also goes
up, showing less mineralization.

2. Exchangeable hydrogen and base exchange capacity increase, while
total exchangeable bases and percentage saturation decrease. This
would be consistent with less mineralization of the organic matter of
this horizon. Presumably the reduced mineralization is due to the
depressed biotic activity owing to the fact that the soil is buried.

At depth the red soil of the old land surface shows a much higher clay
content, a good structure and has well-developed clay skins.
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These soils show a marked affinity to the hydrol-humic latosol- f
Hawaii’; there is the tendency for them to exhibit the irreversible drying /i ct
which is a property of those soils. The clay mineral of the ash-derived so' s
considered to be allophane although no analyses have been carried ou (0
confirm this. However, the facts that these soils have a low bulk density, = v
high water-holding capacity and a high content of little mineralized organic
matter suggest that allophane clay is present.

The soil boundaries of this soil group were found to be more or | s
coincided with a topographic change. Consequently the boundaries were =
fixed along the road traverses and were then mapped between the road: n
the basis of stereoscopic examination of the photographs.

B. SolLs oF THE REGION OF BROAD-RIDGED TOPOGRAPHY

In this region, the streams and rivers are not so markedly down cutti: o,
The topography consists of broad flat-topped to rounded ridges separated 'y
steep convex to uniform-sided valleys. In the upper limits of this region i =
valleys are narrow but lower down they broaden out. The rainfall of | '
region is between 40 in. and 50 in., falling in two seasons—March to M
and again in November.

; Three main soil groups have been recognized in this region—they are
Soil No. 3, dark red friable clays commonly known as “Kikuyu red Loarm

Soil No. 15, dark greyish-brown mottled clays (Vlei soils) and Soil No. 17,
swamp peats.

_ Soil No. 3, Dark Red Friable Clays.—This mapping unit consists of two
dlspnct soils b}:t it was not possible to separate them on the aerial photos.
'I_'l:us was possibly because this group is practically wholly devoted to sub-
slstencef agnf:ulture and as the aerial photos were taken after harvesting, any
vegetative differences which might have been present have been obscured.
?hc two soils appear very similar though differences are apparent on closer
inspection. One (as described in Appendix A (3a) for a site outside the survey
fnrca) 18 characlepsed by a deep topsoil which may extend up to 2 ft., passing
into a da-rk I'ﬂ.dd.ISh-bl'O“-(n subsoil, becoming dark red with depth. The other

while the redder soils were confined to more slopi

one can assume that the area could

ash fall. Both these soils are very fertile but the ash-i
higher fertility. They are usually ve . s

ry deep, over 20 ft. not being uncommon,
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and as a result have a good water storage capacity. They are derived mainly
from volcanic rocks although similar soil derived from the basement complex,
is found in the Kangundo area of Machakos. Although manganese con-
cretions are occasionally formed, a massive laterite is not present in these soils.

g&”’m‘i’ Al

Dark red friable clay landscape, Kiambu, with deep soil on steep valley sides.
Aberdare Mountains in background.

The dark red friable clays on steep slopes have been separated on the
map from those on the flatter topography as a guide for land use practices.

Soil No. 15. Dark greyish-brown mottled clays (Vlei soils).—These occur
in small depressions within the ridges; the origin of these depressions may be
due to minor fissuring where at the junction of two such fissures a sink hole
is formed. This sink hole later could be filled by ash and colluvium and from
this parent material the vlei soil could develop under conditions of impeded
drainage. During the rainy season water seeps into the vlei from the surround-
ing soil and the vlei soils remain water-logged for two to three months of the
year; sometimes having as much as a foot of water lying on the top of the
soil. An interesting feature of these soils is their acidity, since one might
expect them to become alkaline due to base accumulation from the seepage
water. Their acidity and mottling are common features which separate the
vlei soils from the black grumosolic clays. At Appendix A (15) a description
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is given of a dark-grey mottled clay from the nearby region of gcn}ly undu: at-
ing very broad ridges. Around the edges of the vleis a laterite horizon usi' vy
forms.

These soils are easily recognized on the aerial photo by a uniform Jight
colour tone given by the grass vegetation and by their not being cultive 1,

Soil No. 17. Peaty swamps.—These soils were not studied during o
survey and are a very minor soil group in this region. Where they do oc
they are of the Ithangi grass (Cyperus emmensis) type, and the soil is usu v
only covered by water during flood times. These swamp soils are very nar v
and are mainly confined to the banks of streams. They can be identificc 1
the photos by their dark tones.

C. SoiLs oF THE REGION OF GENTLY UNDULATING VERY BroAD RIDGES

This region occurs under a rainfall regime of about 30 in.-40 in. |-
annum. In this region the ridges become broader due to the various strea: s
joining to form rivers and the valleys though deeply incised have also wide: .|
due to lateral cutting by the rivers. In the upper part of the region, the ridze
tops have a gently undulating topography with Soil No. 4, red friable clays
being the dominant soil. Towards the plains the topography becomes flai(cr
and poorer drainage conditions pertain resulting in Soil No. 11, shallow yellow-
brown to yellow-red friable clays overlying a laterite horizon or rock. Here.
susidiary drainage has developed along the low-lying land between the unduia-

tions, these drainage channels being marked by belts of poorly-drained soil.
No. 15, dark grey mottled clays, vlei soils.

-

T!'le undulations of the ridge tops have concave slopes and therefore, as
one might expect, a catenary relationship between the soils is found: the red
friable clays occupy the summits, upper and middle slopes of the undulation,
rh.‘:' shallow soils over laterite occur on the lower slopes and finally the viei
soils occur in the depressions. An intermediate soil occurs between the red
and the shallow soils. This is Soil No. 8, a red friable clay with iron concre-

tions, merging into massive laterite. However, it only occurs as narrow bands

and it was not possible to separate these on the photos. Other soils that occur

in this region are Soil No. 19, shallow stony soils with rock outcrops on

the main valley sides and Soil No. 17, peaty swamps in the valley bottoms.

Soil No. 4. Red friable clays—These differ from the dark red friable

clays of the region of Broad-ridge Topography in that they are less humic,
have a lower total exchangeable b pography a y are less
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of the underlying rock is slower and to the fact that on the slopes a laterite
cap has formed over parts of the rock surface which would protect the rock
from weathering. The formation of laterite in this region is attributed to the
concave slopes which give changing drainage conditions. The soil boundary
between the dark red and red friable clays had to be fixed on the roads first
by ground survey and these were then joined by interpolation. Within the
area itself, they showed up as a darker tone compared to the other soils, while
the stereoscope also showed up the high ground where they occurred. Where
coffee existed, it had usually been planted up to the soil boundary, thus making
mapping easy. A typical red friable clay of this region is described in
Appendix A (4a).

Soil No. 11. Shallow yellow-brown to yellow-red friable clays overlying
a laterite horizon or rock.—These soils mainly occur on the lower slopes or
the flat lands adjoining the black clay plains. This is a composite soil group
due to the difficulty of separating the soils on the aerial photos. Though it
was not possible to separate the components, it is suggested that as the
components support the same vegetative cover they have similar agricultural
properties even though they are genetically different. The shallow soils over
rock tend to be redder than their lateritic counterparts and to occur mainly
at edges of Soil No. 14, the black grumosolic clays. It is thought that these
are youthful soils which have developed after the removal of the black clay
by erosive processes. The shallow soils over laterite have a very different
genesis. These are considered to have been formed as a result of seepage
water from higher ground being checked by the change of slope and poorer
drainage conditions at the foot of the slope and of the deposition of iron and
aluminium compounds from the seepage waters 10 form a laterite sheet
there. As the land surface is gradually lowered by erosive processes and as
drainage impedence is further extended by the laterite sheet development, so
do these shallow laterite soils extend, westwards in this case. Much of this
laterite formation may well have taken place under wetter conditions than
now prevail. A typical yellow-brown friable clay overlying laterite of this
region is described in Appendix A (11).

These shallow soils support a scrub grass vegetation which shows up as
a light tone on the aerial photos. Termite mounds, on which vegetative growth
is better because soil moisture conditions are better, are a common feature.
This is especially noticeable in the sisal plantations.

Soil No. 15. Dark grey, mottled clays, vlei soils.—These soils have been
discussed in the discussion on the soils of the region of broad ridged topo-
graphy. However, in this area many of them appear to have formed in old
drainage lines. It is suggested that in this case, the old drainage lines have
been filled in with ash and colluvium. A typical dark greyish-brown mottled
clay of this region is described in Appendix A (15).
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i . 19. Shallow stony soils with rock ourcrogs.——_Thcse occL . on
the jaoilxi fa‘l)ley sides and are extremely steep, almost vertical in places. These
soils are very shallow and occur mainly in pockets on slight shelve and
between boulders. They differ greatly from the valley side soils of the :-ion

of broad ridged topography where, although the sides are steep, dec: -oils
occur on them,

This soil group could be easily identified on the photos by means ¢’ the
stereoscope,

Soil No. 17. Peaty swamps.—The main valley bottoms in this regic: are
wider and are threaded by rivers which flow through papyrus swamps. The
soils are continuously under water and have not been studied.

The papyrus shows up clearly in the aerial photos.

SOILS OF THE ATHI AND KAPITI PLAINS
This area can be divided into three regions as follows : —
A. The flat plains of the Athi.
B. The flat plains of the Kapiti.
C. The gently undulating plains of the Athi basin.

A. SoILs OF THE Frar PLAINS OF THE AThr

The Athi plains are practically flat and to the East, end in a _bluff over-
looking the Athi River. This plain is traversed by a number of rivers, cach
flowing in an easterly direction out of the high ground of the eastern flank of
the Rift Valley and cutting down over 100 ft. below the general land surface.

The soils of this region are as follows:—
Soil No. 14.—Black to dark grey clays, grumosolic soils.

Soil No. 11.—Shallow yellow-brown to yellow-red
|’ a laterite horizon or rock.

Soil No. 19.—Shallow soils on steep
‘ Soil No., 17.—Peaty swamp soils.
| Soil No. 18.— Alluvium.

Soil No. 14. Black to dark grey clays, grumosolic soils.—As these black
I grumosolic soils also occur on the flat plains of the Kapiti they are discussed
| L

soils which suggest their genesis,

friable clays overlying

slopes.
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2. On the whole these clays have a very uniform depth, varying from
3 to 4 ft.

3. They all exhibit cracking on drying.

4. In the gneissic rock areas there was a tendency for the clays to be
sandier but sandier variants were also found in the volcanic areas.

5. Stephen, Bellis and Muir® found that the soils near Embakasi and on
the Juja Sisal Estate contained the following heavy minerals:—
Sillimanite, Kyanite, Garnet and Staurilite which are characteristic
of metamorphic rocks of the gneissic type. These soils were under-
lain by phonolite at Embakasi and Tuff at Juja.

6. In the Lukenya area, black clays were seen to overlie red soils. Also
in this area laterite was occasionally found under the black clay;
laterite was also found underlying the black clay in the Kahawa
area.

7 1In areas where the black soils have been removed by erosion the
underlying rock is now weathering through red.

8. In the gneissic areas there is usually a quartz stone line between the
soil and rock. However, quartz stones imbedded in the soil are not
uncommon within the black clays of the volcanic area.

9. Usually there is a sharp or fairly sharp contact between underlying
rock and soil.

10. In the metamorphic areas of this soil group, no quartz veins have been
seen within the soil: these would be expected if it had developed in
situ.

11. The eastern and western margins of the black clay areas tend to
follow the 5,200 ft. contour. The northern margin is at a much lower
altitude being approximately 4,800 ft. The southern boundary
however is at a higher altitude, going up to 6,200 ft., in the vicinity
of the Ngong hills.

12. These soils occur both on flat sites and on appreciable slopes.

The above properties do suggest that these soils are not wholly developed
in situ. In view of this, the following hypothesis is put forward for the forma-
tion of these soils, This area at one stage formed a large basin bounded by
the Machakos hills in the east, the Ngong hills in the south and the high
ground of the eastern flanks of the Rift Valley in the west, the northern flank
of the basin is more difficult to define but may have been associated with the
Ithanga-Kakuzi hills. Black soils do occur in the vicinity of Makuyu and may
have been part of the same formation which has later suffered erosion and
only relics remain. It is suggested that the lowest point of this basin was in
the vicinity of Athi River Township.
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During a wet cycle the basin formed a lake and colluvium and : vium

materials were deposited within this basin from the surrounding I’ . As
one would expect, the soil in the vicinity of the metamorphic rocks v d be
sandier than those near the volcanic hill masses. It would also acc. - for
sandier areas within the volcanic rock areas. The addition of ash ¢: . 1t be
discounted during this period.

Later, a dry period followed and the lake receded. These lu  rine
deposits were then gradually converted to the present black soils. ving

once formed, these soils maintain poor drainage conditions in spite o/ pes,
a.nd the slow weathering of the underlying rock, under these drainage ndi-
tions has gradually given the soil the character of being weathered in ©

One difficulty remains as this theory does not account for the blac: soils
in the vicinity of Kajiado and Ngong hills, There the soils cover land ring
in elevation to fully 1,000 ft. above the general level of the Athi Plaiir  To
account for the occurrence of the grumosols here it is suggested th: sub-
sequent to their formation there have been earth movements associatc  vith

the Rift Valley development which has raised these soils to their - -ent
altitude.

An alternative explanation which would account for the ran ge of al. ude
covered by the blac_k' clays of the Athi and Kapiti Plains is that they deve sped
under swamp conditions on the existing landscape in a pluvial period.

It is suggested that the age of these soils is considerable, as their orizinal
fotmanon'must have occurred earlier than the deep valleys formed by the
down cutting of the rivers which traverse the plains. It is hard to reconcile

the formation of these black clays on some of the very narrow interfiuvial

ridges on wlncl} they occur unless they were once part of an overall formation
and now remain as relics,

On both the Athi Plains and the nc_thhcaslcm portion of the Kapiti Plains
one-third of the land surface. On investigation this i

| 1 pattern on the ground it
was found that these islands consisted of mounds rising from about 1 to 2 ft.
above the general land surface and havin
across. Under the natural grassland ve,

':a'zc Shc’: great :hlﬁerenpm in growth between mound and non-mound sites:
the mound arcas, Snow vigorous growth while on the intervening areas, sisal

better drainage.
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The origin of these mounds gives rise to some speculation; Stephen, et al.’,
suggested they were of gilgai origin. On the other hand there is a school of
thought which considers them to be relic termite mounds.

Uneven sisal growth on black clay on Athi Plains at Juja. Note good growth of
sisal whichisonmoundlnforegroundandthepoor;romhwhichhonlntervem
land immediately behind. The prominent hill in the background is Donyo Sabuk.

An attempt is made to put forward the varis pros. and cons. of the two
theories in the following discussion.

1. T will deal first with the size and distribution of these mounds. Both
the size and the distance between mounds is greater than that reported by
Hallsworth, et al., for the Australian gilgai of the “mushroom type”. They
have been compared with this type since no sink hole is found on the shelf
between mounds. On the other hand the size can be accounted for by con-
sidering them to be relic termite mounds and the distribution is very similar
to active termite mounds on well-drained adjacent soils.

5. Hallsworth, et al’, point out that the lattice gilgai do arrange them-
selves in parallel rows to the direction of greatest slope. He does not mention
this point with the normal gilgai. These Athi mounds do tend to form parallel
rows on slopes and it is difficult to see why termite mounds would do likewise
unless some mounds had been obliterated by surface wash.

3. These black clays do not show any appreciable differences between
top and subsoil: in the Australian gilgai, in some cases the subsoil is very

different from the top soil.
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4. The Athi mounds are more calcareous than the surrounds and

calcareous concertions present. However, it is difficult to say whether |
‘ concretions, some of which appear on the surface, are there by gilgai act:

have been thrown up by ant-bears digging into the mounds looking f«
termites which now occupy these sites (these termites are not the m: - |
building type). The intervening areas have few if any calcareous concre s
and there appears to be no tendency for them to form lines starting at e
bottom of the non-mound areas and gradually coming to the surface in \
mound areas as one might expect in gilgai soils. Calcareous concertion: . g
on the other hand, a common feature at the base of termite mounds ‘
they are thought to form due to the mound acting as an evaporation fur

5. Hallsworth, er al., normally found that the topsoil of the mound = s
heavier than the topsoil of the non-mound areas, since the topsoil of o
mound under gilgai conditions would normally be a subsoil. This relation: >
was not found in the Stephen, er al., investigations.

6. Both found that more exchangeable sodium was present in the

mound areas. This would be expected if the mounds had better drair..
conditions.

o = 0 a

?'. Hallsworth, ez al., found the surface soil of the mound had an alkalie
reaction and the shelf acid. This varied in the investigations carried out by
Stephen, er al., who also found that the swelling power of the clays in (e

non-mound site was not as great for the Athi profiles as those recorded by
Hallsworth, et al., for the Australian gilgai soils.

8. Although the Australian types generally develop again 2 to 11 years
aft'cr being graded down this does not appear to be true of the Athi Plains
soil as fence posts appear quite stable and do not show any sign of being
d|§plaoed. It cannot be said that climatic conditions are unsuitable for gilgai
soil formation at present as neither of these soils are permanently wet or dry,
but they have a wet period followed by a dry hot period.

9. Under the mounds the rocks are more highly weathered than in the
non-mound areas and this could be due to better drainage conditions. How-
ever, if these were termite mounds, the termites may have contributed to this.

It ht.:s also been suggested that the mounds are the product of better
deep drainage resulting from fissuring of the underlying lavas.

From the above points it can be seen that more work is required before

the origin of these mounds can be determined. A typical dark gre clay of
the Athi Plains is described in Appendix A (14). # i

: Soil No. ll.- Shallow yellow-brown to vellow-red friable clays.—These
soils ha}re been discussed in the discussion of the soils of the region of gently
undulating very broad ridges of the high ground of the Fastern Flank of the
Rift V.alley. On the Athi Plains these soils are mainly yellow-red friable clays
overlying rock. They occur where the black clays have been stripped off. 3
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Soil No. 19. Shallow stony soils with rock outcrops and Soil No. 17.
Peaty swamps.—These also have been discussed in the discussion of the soils
of the region of gently undulating very broad ridges of the high ground of
‘he Eastern Flank of the Rift Valley.

_ Soil No. 18. Alluvium.—No work has been done on these soils. Many
have developed from the drying up of papyrus swamps due either to the
canalising of the river or to drier climatic conditions.

B. SoiLs OF THE FLAT PLAINS OF THE KAPITI

These plains are very similar to the Athi but have no permanent rivers
flowing through them; instead, a number of seasonal river beds occur which
contain water for very short periods.

In the metamorphic areas, a number of small conical hills occur within
the black to dark grey clay plains and there is one large hill mass—Lukenya.

The black to dark grey clays have been discussed in the discussion of
the black clays of the Athi Plains and a profile description given in Appendix
A (14).

The soils of the conical hills are discussed in the discussion of the soils
of the Central Hill Mass of Machakos.

C. THE GENTLY UNDULATING PLAINS OF THE ATHI BASIN

These occur under much the same climatic conditions as the black clay
plains of the Athi and Kapiti, the rainfall being between 20 in-30 in. However,
the topography, instead of being flat, is undulating. The soils of this region
consist of the following:-—

Soil No. 12. Dark greyish-brown calcareous clays (Rendzenic soils).

Soil No. 13. Dark greyish-brown calcareous clays with light textured
topsoil (Rendzenic soils).

Soil No. 6. Reddish-brown sandy clay loams.
Soil No. 18. Alluvial soils.

Soil No. 12. Dark greyish-brown calcareous clays (Rendzenic soils): —
These soils overlie secondary limestone or tuff weathering through lime.
Within the area, pockets of chalcedony appear and it has much the same soil
above. These soils occur on all parts of the terrain and are not confined to
any topographic site. Appreciable amounts of coarse sand and occasional
quartz and chalcedony stones are present in these soils, but are not present
in the underlying limestone or tuff. which suggests that these soils are not
wholly sedentary in origin even although the underlying material appears to
be weathering into a black soil at present.

These soils again appear to be lacustrine in origin and it is suggested
that this was the lowest part of the lake where, on finally drying out, deposits




18

of limestone were laid down within the underlying porous tuff and th. e
limestone content of the rock would increase as the tuff weathered. In thi- v,
the lack of coarse sand within the limestone could be explained.

The soils show high exchangeable potassium, being about six
greater than the black clays of the Athi and Kapiti plains. The exchang
calcium, magnesium and sodium on the other hand are of the same or(
those of the Athi and Kapiti. This high exchangeable potassium ma y
suggest lacustrine origin since Chamberlain’ found at Naivasha that exch
able potassium increased appreciably the nearer the lake shore
approached: the lake at time of sampling was receding. A typical -
greyish-brown calcareous clay of the undulating plains of the Athi Ba
described at Appendix A (12).

"0 00 »

Soil No. 13. Dark greyish-brown calcareous clays with light texi.. !
topsoil (Rendzenic soils).—Apart from the light textured topsoil, these © s
are very similar to those mentioned above. In some places there is a mar: |
quartz stone line between the topsoil and the heavy subsoil, although th
not a common feature. However, there is an abrupt change from topsoil -
subsoil. These soils tend to be situated on summits and crests of undulati
but may also occur on lower slopes.

. The light textured topsoil which may have been formed by the foliow-
ing: —

P >
v U o

1. normal pedogenic processes associated with solonization, This is the

least likely since solonetz soils would tend to occur on the lower
ground.

2. a later ash deposit, which was laid down after the formation of the

rendzenic soils and has subsequently been eroded leaving isolated
remnants,

3. Aeolian deposits which again have subsequently been eroded. The
stone line Wwould suggest that the light textured topsoil was a deposit
of some kind. The presence of both a high silt and fine sand content
does lend support to the possibility that it is an aeolian deposit.

A typical dark greyish-brown calcareous clay with light textured topsoil
of the undulating plains of the Athi basin s described at Appendix A (13).

Soil No. 6 Reddish brown sandy clay loams.—These soils occur in
pockets and bands within the rendzenic soils and like them, do not appear to

be confined to any topographic site. However, they did appear to occur at

the same altitude throughout the area. Their distribution can best be explained
by the diagram below.
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-an be seen that these soils occur both on slopes in the form of bands (1)
- rings (2) and on summits in pockets (3). The steeper the slope the narrower
- band. Some of these bands and pockets are so small that they have not
en mapped.

These soils are acid in reaction and overlie a neutral tuff which is free
m calcium carbonate for at least 3ft. whereas all the other tuff contains
lcium carbonate. Like the rendzenic soils they have appreciable amounts of
rse sand and occasional quartz stones which are not present in the tuff

low, suggesting that these soils again are not wholly sedentary even though
« tuff at present appears to be weathering. These soils have also a high

. «changeable potassium content.

The diagram does suggest that these soils are relics of an old land
.rface which was subsequently eroded leaving remnants on the summits.
‘he area was then covered by water-laid ash to give a tuff horizon which
as in turn overlaid by lacustrine deposits. Subsequent erosion has now
-xposed part of this old land surface.

Another suggestion is that when the lake was receding, it became stable
( one stage and a sandy shore line was formed. Because the drainage is
hetter at this particular spot the subsequent weathering is red. Here again
more investigation is required before the origin of these soils is known.

A typical reddish brown sandy clay loam of the undulating plain of the
Athi Basin is described at Appendix A (6).

Soil No. 18. Alluvial soils.—These soils are confined to the Athi River
and its tributaries where they flood during the wet season. In many respects
these soils are not unlike rendzenic soils mentioned previously but are more
friable.

The black clays of the Athi and Kapiti Plains showed up as dark colour
tones on the air photos, with the lighter toned mounds being very prominent.
The rendzenic soils had similar dark tones but the prominent mounds were
absent. There were however, white dots, possibly termite mounds or harvester
ant nests, scattered over the photos. The rendzenic soils with a light textured
topsoil showed up white on the photos but this was also true of the reddish-
brown sandy clay loams and could be confusing.

SOILS OF THE CENTRAL HILL MASSES OF THE MACHAKOS
DISTRICT '

These hills all rise abruptly from the plains and are highly dissected,
especially in the upper regions. They vary in altitude from approximately
6,000 to 7,000 ft. above sea level. The rainfall is very variable, ranging from
25 in. to 50 in. per annum and active erosion is still taking place. The soils

found on these hills are as follows : —
Soil No. 2. Reddish-yellow sandy clay loams (latosolic soils).

Soil No. 4. Red friable clays. '
Soil No. 9. Dark grey compacted loamy sands (solodized-solonetz soils).

Soil No. 19. Shallow stony soils with rock outcrops.
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Soil No. 2. Reddish-yellow sandy clay loams (latosolic soils)  hese
soils have been mapped on Donya Sabuk and Iveti hills, between = rox-
imately 6,500-7,000 ft. under a mean rainfall of between 40 in. ar. 0 in.
per annum. The topography is highly dissected, consisting of very  rrow
ridges with steep slopes down to the valleys. As one would expect i1 cha
topography where erosion is marked, the soils are very variable, rangi rom
skeletal to developed soils, the latter occurring on the broader ric  tops
where conditions are more stable. These different soils could not be s¢ ated
on the air photos and have been mapped as one unit. Even tho:  the
potential evapotranspiration from these soils for most of the year is s “ient
to deal with the rainfall accepted by these soils and hence leaching shoi | not
be intense, these soils tend to be very acid, low in bases and have a low - ura-
tion. Acidity is most intense and base status is lowest on steep slopes - here
the least soil development has taken place; where more stable cor ions
obtain, the base status does improve. It is thought that these soils, wii. ime
and stability would develop into Soil No. 3, dark red friable clays: thesc .tter
soils do occur near by on less abrupt topography under similar ¢ atic
condm?ns.'However, this development is unlikely unless the present in. ity
of erosion is much reduced. The reddish-yellow sandy clay loams are ¢l .rac-
terized by having a pink to white weathered shistoze parent rock usually
separated from the subsoil by a stone line. This soil group could be identified
on the photos by white pockets where the subsoil was exposed, but was mainly
recognized by its dissected topography using the stereoscope.

A reddish-y.euow sandy clay loam from a Machakos hill mass outside
the survey area is described at Appendix A (2).

Soil No. 4. Red friable clays—Although these soils are derived from
basement complex rocks, apart from having a higher sand content they have
similar properties to those of the volcanic derived red friable clays of the high
ground of the eastern flank of the Rift Valley. Stone lines may be present
on the steep slopes. These soils occur on the middle and lower slopes of
Donya Sabuk and the Iveti hills. They also occur on the summits and upper
slopes of the Mua Hills and Kazula range, Though most of the occurrences
of this soil group in Machakos District and on Donya Sabuk occur on steep

slopes, where they are used for subsist i i pus
cultivated and used for coffee grow:: ;nce cropping, they are very intensively

. Atypical red friable clay of the Central Hill masses of Machakos District
is described at Appendix A (4b),

_ Soil No. 9. Ye{!ow—red sandy clay loams with laterite horizon.—These
soils occur in the drier regions whe

te the rainfall is under 30 in. per annum.
They are found on Lukenya and on the lower western slopes of the Mua Hills

where slopes are convex. These soils tend to be shallow, being 2 to 3 ft. in

depth overlying a lateri

te horizon with many quartz stones inbedded in the
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\terite. Due to the arid conditions they tend to have a high saturation and

e considered to be mainly products of a past wetter climate. As these soils
ave a greater distribution in the partly dissected peneplain country of the
.ast, they will be discussed more fully later. A yellow-red sandy clay loam

‘ tl;c partly dissected peneplain country of the east is described at Appendix
A (9).

Red friable clay landscape, Kagundo Valley, with dark grey compacted loamy
sand (solidized solonetz soils) and black to dark grey clays of the Athi Plains with
Komo Rock, a small conical gneissic hill, in the distance.

Soil No. 16. Dark-grey compacted loamy sands (solodized-solonetz

soils) —These soils occur on the lower slopes of the hill masses usually asso-
es and depressions and also on the fringes of the

ciated with drainage groov
black clay plains. The rainfall is usually below 30 in. and the topography is

flat to gently sloping.

There are two suggestions as 10 the origin of these soils, namely, (1)
formed by pedogenic processes and (2) by sand wash over a black clay. The
latter suggestion is that the sand wash is incorporated in the clay in such a
mixture that it forms a natural cement resulting in the compacted layer.
Although a black clay usually occurs at the base of this soil, this is not always
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the case, especially on the sloping topography and in the drainage grooves.
On the other hand it can be said that both sand and clay have been waied

in at the same time but one would then expect the sand to remain in the
groove and the clay to be carried off in suspension. This seems h}cely as in this
area some of the drainage grooves and dry water courses contain sand v '-h

is recovered for building purposes. Where sand wash on top of the clay: ' s
been seen, it has lain as a loose surface soil and has been incorporated v 1
the clay giving a compacted layer. With regard to the suggestion tha =
origin is pedogenic, although exchangeable sodium is not always presc: 1
the upper parts of the profile it is present lower down. These soils also «
to have a high exchangeable magnesium content and this is characteristi
solonetz soils. In many cases however, the topsoil has been removed |
these soils by erosion, brought about by overgrazing. Of the two possibiliii s,
the pedogenetic explanation seems the more likely and for that reason (e
soils have been classified as solodized-solonetz soils.

These soils show up on the aerial photos quite clearly having a lighter
tone than the black clays and being uniform in colour.

A typical dark-grey compacted loamy sand of the lower slopes of thie
Central Hill masses of Machakos District is described at Appendix A (16).

Soil No. 19. Shallow stony soils with rock outcrops.—These soils usually
occur on the very steep slopes of these hilly areas and are formed by erosion.
Within the area, pockets of deeper soil occur but these cannot be mapped on
the present scale. They are easily defined on the photos under the stereoscope.

SOILS OF THE PARTLY DISSECTED PENEPLAIN COUNTRY
OF THE EAST

. The soils of this area are mostly the products of past more humid
climates: at present the mean annual rainfall is less than 30 in.

For discussion purposes the area can be divided into two:—the central

flat Yatta plateau and the partly dissected peneplain areas which occur on the
flanks of the plateau.

The partly dissected peneplain areas hay,
with the high ground tending to be flat-top
at an elevation of 4.500 ft. in the west, fa
They are described as re

e a gently undulating topography
ped. The crests of these ridges are

lling to about 4,000 ft. in the east.
mnants of the sub-miocene peneplain®’,

The soils that occur in this area are as follows: —

Soil No. 1. Yellow-red coarse sandy loam:s.
Soil No. 5. Dark red sandy clay loams.

Soil No. 8. Red friable clays with a laterite horizon.
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<uil No. 9. Yellow-red sandy clay loams with laterite horizon.
oil No. 10. Brown sandy clay loams with laterite horizon.

il No. 14. Black to dark grey clays (grumosolic).

il No. 16. Dark grey compacted loamy sands (solodized-solonetz soils).

S0il No. 1. Yellow-red coarse sandy loams.—These soils occur on the
hioh ground to the north of the area and would appear to be associated with
the granitoid gneisses forming the Thatha hills. Schoeman® suggests that these
hills are relics of late jurrasic or cretaceous peneplains and have subsequently
teon lowered. These soils are very similar to those found on the high ground
of the central Tanganyika peneplain. This would suggest that they may well

“lic soils of a former peneplain although it is not thought that they go

“ as far as cretaceous or jurassic times. The low clay, lack of silt and low

{- - content of these soils do suggest great age. Their distribution on the

5 also suggests that they are relic soils since, where erosion has taken place,
th= more recently derived soils are red and have greater amounts of clay and
wind-borne origin but

<i't. Another suggestion put forward is that they are of
there is little suggestion of bedding which one might except if this were 0.
As little time has been spent in studying these soils nothing definite can be
postulated in their origin and further study is required. They were clearly

shown on the photos by the light colour tone.

A typical yellow-red sandy loam of the high ground of the partly dissected
peneplain of the East is described at Appendix A (7).

oams.—These soils occur where com-

paratively recent dissection of the sub miocene peneplain has taken place
and are developed in situ. Although these soils are probably among the young-
est soils of the area, they are of sufficient age to have developed into deep
mature red soils. They are, often traversed by gravelly or stony bands along
the veins of quartz which have been left as the underlying rock has weathered.
They were probably developed under more humid conditions. If they had
developed under the present rainfall regime leaching would have been very
limited and soil formation would not have reached the stage of red earth
development. Instead an accumulation of calcium carbonate at depth wogld
have been expected. These soils have a very similar base status and saturation
to Soil No. 8 the red friable clays with a laterite horizon of the Yatta Plateau.

darker tone and lack visible termite mounds

Soil No. 5. Dark red sandy clay |

These soils generally have a
on the photos.
Jloam from a site a short distance outside the
bed at Appendix A (5).

A dark red sand clay 1
southern limit of the survey is descri
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Soil No. 8. Red friable clays with a laterite horizon.—These } are
mainly confined to the relatively flat Yatta plateau although small s do
occur west of Kangundo. Laterite was found at depth in the profile ¢ ined,
and since these soils occur in a dry climate—rainfall about 25 in.- con-
sidered that they were developed under past more humid c lons.
Numerous large phonolite boulders are seen to be partly exposec o the
surface within this soil group suggesting that this soil has beer avily
planed by erosion in the past. This is partly confirmed by Soil No. 10 rown
sandy clay loams with a laterite horizon also being present on the ‘eau.
These latter soils are very sandy, contain large amounts of quar stone
imbedded in the laterite and hence could not have formed from the nder-
lying phonolite: rather they are of mantle origin. As these brown sa: - clay
loams now occur only in pockets within the red friable clays of th /atta
Plateau, it is suggested that at one time they covered the whole or pa the
plateau in this area but have since been largely removed by erosion

The red friable clays with a laterite horizon have a moderate b atus
and have a percentage saturation of about 50.

They are recognized by the coarse scrubby thorn and termite ound

pattern on the photos.

A typical red friable clay with laterite horizon from the Yatta Plai . is
described at Appendix A (8).

Soil No. 9. Yellow-red sandy clay loams with laterite horizon.—These

soils have been partly discussed in the discussion of the soils of the central
hill mass of Machakos District.

An interesting feature of the local occurrences of these soils is that they
usually are found lower down the slope than Soil No. 10, the brown sandy
clay loams with a laterite horizon but above Soil No. 5, the dark red sandy
clay Iqam. If the brown sandy clay loams with a laterite horizon represent
the soils formed on the old peneplain, then these yellow-red soils must have
developed after a later period of erosion but must be older than the dark red
sandy clay loams, which are presumably formed after the country had been
still more deeply dissected. Apart from their colour and situation, these
yellow-red soils are remarkably similar to the hrown sandy clay loams with a

larerf're horizon. They can be separated from the latter on the photos by the
termite pattern and darker tones,

A typical yellow-red sandy clay loam with laterite horizon from below
the edge of the Yatta Plateau is described at Appendix A (9).

..S’oil No. lp. Brown sandy clay loams with a laterite horizon.—As
mentioned previously these soils occupy the high grounds which are the
remnants of the sub-miocene peneplain. It is difficult to conceive that these
soils have remained in situ since sub-miocene times unless at one stage they
were very deep or unless they have been protected to an exceptionaludegrec

i



25

frc /bsequent erosion. The underlying laterite layer is not as thick as is
nor 'y associated with sedentary soil from miocene rocks. Rather these
SO ay well be developed in weathered material from the underlying
lat This may account for the drab colour of the soil. These soils occur
on Yatta phonolites as well as over gneissic rocks of the submiocene
P! aIn.

sandy
Partly dissected peneplain landscape of the East with over-grazed brown
clay loam in foreground and one of the Central Hill Masses of Machakos District

These soils have a moderate base content and a high saturation. They can
be separated on the photos by the termite pattern and light tone.

A typical brown sandy clay loam with laterite horizon on the Yatta
Plateau is described at Appendix A (10).

Soil No. 14. Black to dark-grey clays (grumoso!ic}.—Thcse soils occur 1n
low lying and depression areas and initially were developed frop‘n colluv::l
material under poor drainage conditions. Some are fom_ld on high ground,
associated with Soil No. 10, brown sandy clay loams, while others are found
on lower ground associated with Soil No. 9, the yellow-red sandy clay loams.
Since it has been assumed that the brown and the yellow-red sandy clay loams
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are of different ages, are the black clays of these two different to

sites also of different ages? This is difficult to answer and more wo:

be required. Some clue to this may be found by fossil remains of !

found by Trapnell” under the black clays; these are being investigat

EfM Van Zinderen Bakker of the University of the Orange Free St
rica.

The black clays even when they occur on phonolite of the Yatt
contain large amounts of quartz gravel. This suggests that the paren
from which they are derived must have originated at least in p
metamorphic rocks and must have been of mantle origin.

A dark grey clay in Athi Plains which is similar to the grumos
partly dissected peneplain of the east is described at Appendix A (14

Soil No. 16. Dark grey compacted loamy sands (Solodized
soils).—These are described in the discussion on the soils of the Cen
masses of Machakos District. A typical dark grey compacted loam,
the latter area is described at Appendix A (16).

LAND USE
This again is being discussed on the basis of physiographic zones

aphic
would
inora”

y Dr.

South

ateau
terial
from

f the

metz

| Hill

nd of

Grassland on black clay in the partly dissected peneplain country of the Fast with
the phonolite lava flow of the Yatta Plateau forming the skyline.
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HIGH GROUND OF THE EASTERN FLANK OF THE
RIFT VALLEY

' GION OF DISSECTED NARROW RipGE TOPOGRAPHY

The strong brown to yellow-red friable clays (ando-like soils) of this
n are very low in bases and those bases that are present are mainly
iated with the organic matter. In the past this kind of land has been
‘2d to tea, wattle, pyrethrum and dairy farming where there is large-scale
ng but, until population pressure On neighbouring more fertile land
me acute, it was little used by peasant farmers. Some wattle and food
. such as beans, peas and maize were grown by peasant farmers but in
_ut years these farmers have gone in also for sheep and dairy farming and
pyrethrum and tea growing.

Under subsistance farming one or twWo food crops would be taken, then
‘.- 1and allowed to revert to bracken for some ten years. Presumably under
culiivation the reactive organic matter breaks down quickly and ten years’
f21low is required to restore it adequately for further cropping.

Beyond the western limit of the survey area this soil occurs in the forest
roserve where it supports both plantation and natural forest. The nqrmal
‘orestry Department procedure for developing plantation technique is 0
Jlear the natural forest and allow cultivation of the cleared area for one year:
‘hen seedlings are planted and the cultivators continue to take seasonal crops
~ principally potatoes, maize, beans and peas—in the area for a further two
years. By that time the trees have grown sufficiently to stop further cultivation
of crops. In this area the procedure has proved less satisfactory than in other
forest areas because the crop yields obtained by the cultivators have been low.

This soil group covers the headwaters of many important rivers and
future land use planners must bear this in mind. A careful study of the Soil
Physics, E.A.A.F.R.O., reports on the Fort Essex catchment is recommended.
It must also be realized that whatever fertility is present in the soil is associated
with the organic matter, SO strict soil conservation must be practised on the
very steep slopes.

On present knowledge, the best use for this soil group is for perennial
crops (timber and tea), dairy farming and sheep.

B. Tue REGION OF BROAD RipGE TOPOGRAPHY

This is undoubtedly the most productive region of the whole survey
area since both climate and soils are favourable for plant growth. The main
soils of this region are the dark red friable clays. .These soils are very fertile
and are mainly used for peasant-grown arabica coffee. maize, beans,
pyrethrum, potatoes and peas. The area of coffee is increasing rapidly. In the
past, the proper utilization of such land has been much 'l!amper_ed'by thet
fragmentation of property which took place under traditional indigenous

D——
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inheritance laws. Recently, however, the community has respond  with

dramatically increasing readiness to counsels that for the best to be | out
of the land, cultivators must interchange their fragments with each o’ and
so consolidate their holdings into single compact units on which a ' aned
system of rotational cropping is followed. The grass phase which is an ¢ ntial
feature of the rotation makes possible a major expansion of dairying the
development of beef production. The vlei areas would probably b lly
utilized for coffee mulch and fodder crops and the yield of thes uld
probably be greatly increased by ridging to improve drainage. Man; the
peaty swamps have been cleared and are being utilized for sub ice

cropping. These areas could be utilized for market gardening.

Improved enclosed and paddocked grazing on dark red friabl i
e clay on which
dairying is being expanded and beef production developed in Kiambu.

C. THE REGION OF GENTLY UNDULATING VERY BROAD RIDGES

.The red fn'abk:’ c:!ays of this region are extensively used for estate-grown
a‘rablca coffee and it is on coffee grown on this soil that Kenya's high reputa-
tion as a coffee producing country was gained. Nevertheless, in the lower,
more easterly parts of the region, the climate is hot and dry and the soils are
too shallow for coffee production except on the more efficient and better
placed farms. Many estates must rely on irrigation to keep up yields.

&
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lese lower parts of the region, coffee on the red friable clays in part

is re -4 by sisal, pineapples and pasture.

- vellow brown to vellow-red friable clays over laterite are mainly
usec grass production for coffee mulch or grazing. In some areas both
sisa | pineapples are grown on these soils. It has been noted that ridging
of ti 5il is practised. This is to increase soil depth.

. yleis are used in much the same way as in the dark greyish-brown
mot! lays of the region of broad ridge topography but pineapples and some
sisa! ¢ also grown on them. The shallow stony soils with rock ouicrops
oc steep valley sides and should be left for grass production for grazing.
Th ity swamps are much wider in this zone and therefore become more
im t. Their utilization for market gardening and for fodder crops pro-
du might be investigated.

ATHI AND KAPITI PLAINS

Tt ©LAT PLAINS OF THE ATHI AND KarITI

‘ccause of its low and poorly distributed rainfall this area is almost
entircly devoted to ranching and sisal. The bulk of the soils are the black to
dark grey clays (Grumosolic soils). These soils are very difficult to work and

it requires heavy machinery to do this. When wet they are sticky and
glutenous: when dry they are hard and massive and difficult to break .anji
reduce to a tilth. Their water relations can be improved by ridging. This 18
economical for sisal not for ranching.

Cereals and green crops for silage have been grown on ridges in this sc?ll
but the rainfall is too variable for reliable farming of this kind. These soils
are best utilized for dry season grazing as during the rains tpe cattle are
liable to puddle the velt soil and to damage the grass by trampling.

The shallow yellow-brown 1o yellow-red 'frfable clays loveriyr'ng laterite
or rock are used for sisal growing and grazing. For grazing they are best
used during wet weather when stock should be kept off the black and dark

grey clays.

The shallow clay soils with rock outcrop are used for grazing.

The Alluvium and the peaty swamps are usgd for sisal nurseries but can
also be used for fodder crops and market gardening.

THE GENTLY UNDULATING PLAINS OF THE ATHI BASIN :
Rendzenic soils occupy most of this area and are utilized for sisal and
ranching. These soils are very similar to the black to da_rk g_rey.days.but
appear to have a slightly better structure. Both the rendzenic soil with ;(li:gfhr-
textured topsoil and the reddish-brown sandy clay loams can be use O'Ij'
wet season grazing. They are being used with some Success for irrigate

pastures using meat processing plant effluent.

D ——
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The alluvial soils along the Athi could be used for sisal nursciics or for '
fodder crop production. '

THE CENTRAL HILL MASSES OF MACHAKOS DIST! (T

In the main these areas are highly dissected and suffer sevc: . crosion.
The reddish-yellow sandy clay loams occur in the upper parts of t lls and
are used for growing some wattle and subsistence crops of maiz beans.
These soils are low in fertility and as they occur in the head hes of
numerous water courses which traverse a populous part of Keny: vhich is
singularly lacking in permanent water, their utilization for perm: crops
(sisal or plantation timber) with high water conservation characteris' .« = should
receive particular attention. This may also retard the present ero: n. The
red friable clays occur lower down under a lower rainfall. Even so se soils
are closely populated and are intensively used for growing subsist crops
of maize, millet, sorghum, beans, cassava and bananas. There is a c jerable
acreage of arabica coffee, of market gardening and pasturage anc (here is
some citrus. The steepness of the slopes often limits the use to which this

soil can be put and necessitates strict application of soil conservation

Intensive cultivation of red friable clays on Iveti Hills; dark grey compacted loamy
sands and black or grey clay of Athi Plains in the right background.
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Jlow-red sandy clay loams with laterite horizon occur on the lower

slo ¢ these hills and are best used to provide wet season grazing for stock
wh therwise would have to graze the nearby poorly drained soils. Of
neco-<ity, the deeper patches of these soils are used for growing indifferent
sul ce crops of maize, millet, sorghum, cassava, pigeon pea and beans.
The Adark-grey compacted loamy sands are mainly used for grazing. They tend
to wver grazed and once the ground cover is broken are very liable to
beco e eroded.

| the shallow stony soils with rock outcrops, which mainly occur on
st lopes, pockets of deeper soil are found in which there are small patches
of .istence cultivation. The soil group as @ whole provides some rough

f the East
Subsistence cropped land on the partly dissected peneplain country O
with hills of the Central Hill masses of Machakos District in the background.
COUNTRY OF THE EAST

rtly by the Jowness of its rain-
y the incidence of

THE PARTLY DISSECTED PENEPLAIN

Utilization of this country is determined p2 d partly b
fall, partly by the scarcity of permanent water an 5 ,
tsetse fly and tick borne diseases. Parts carry good grazing e me::jgul;t‘{? ?16::;
been taken to improve the utilization of the grazing by the eradicatio

B
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tsetse fly infestation centres and by the improvement of water supplic:
construction of a large furrow drawing water from the Thika F
discharging it into sand rivers in the vicinity of Matuu, through the -
tion of numerous surface water storage dams and through the si
bore-holes. Associated with these grazing improvement measures ar
has been made to control stocking rate. This commanded insuffic:
support to be successful. The desirable grazing management of thes
for the better drained soils—the yellow-red coarse sandy loams, the «
sandy clay loams, the red friable clays with laterite horizon and th
sandy clay loams with laterite horizon—to be used for wet season gra:
the more poorly drained soils—the black to dark grey clays and U

grey compacted loamy sands, for dry season grazing. The grazing unit
be laid out with this in mind.

On most of the deeper better drained soils, patches of subsistenc

of maize, millets, sorghum, beans, pigeon pea and cassava are grov
there is some estate grown sisal. Where irrigation is available the
sandy clay loams have been used for arabica coffee growing and is go
citrus and chillies. The black to dark grey clays should be tried for ric
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APPENDIX B
METHODS OF ANALYSES USED

. pH Jetermined using a soil : water ratio of 1:5 and measured by the
gl lectrode.

. Car was determined using the wet oxidation method of Walkley and
Bl Values quoted are uncorrected.

 Nitr. 1 was determined by the Kijeldahl method.

_C/N atio is calculated from the corrected carbon value (uncorrected
y ool D <

. Org o matter is given by uncorrected carbon X 2.

_Me: nical Analyses were made using the Bouyoucos soil hydrometer.
Tt soils were dispersed with sodium hydroxide and sodium silicate and
sl n overnight in an end-over-end shaker. Clay and total silt and c}ay
we - obtained from the hydrometer readings, the coarse sand fraction

w. . determined by sieving fine sand by decantation and silt by difference.
. Exciiangeable Bases Wwere extracted using neutral normal ammonium
acciate in the ratio of 1 part of soil to 10 parts of extracting solution.
Ca, Mg, Na, K, Mn, were determined spectrographically using a Modi-
fied Lundegardh Flame Emission Method.

Exchangeable Hydrogen was determined on the ammonium acetate extract
using the Quinhydrone electrode.

Carbon, Nitrogen, Organic Matter and Mechanical Analyses figures are
expressed on percentages.

Base Exchange data are expressed as m.e. per 100 gms.
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;4 ¥ ‘r: DIX C

DETAILED SOIL SURVEY OF THE COFFEE RESI. TH
STATION, RUIRU

Soil survey in the Central Province of Kenya is being carri it about
the Soil Association level, supplemented by more laborious detailed
survey at about the level of Soil Series and phases of san r small
representative areas. The latter detailed survey is useful in th: rives the
opportunity to study and map transitional soil conditions. It a! ows the
effects of varied and combined influences of soil forming fact: id offers
guidance in that one can more readily anticipate soil changc ring soil
mapping.

The Coffee Research Station land, comprising 658 acres s d at the
confluence of the Ruiru and Komassia rivers, was chosen as a 1 entative
site for such a soil survey. The land is situated within the gen | belt of
country where the pronounced ridges, separated by consequent | streams,
merge into lower country with only slightly elevated, broad i cs which
contain wettish depressions or “vleis” and also much shallow so'| overlying
sheet laterite or “murram”. This land in turn merges into the dar. coloured,
heavy soils of the plains. It happens that within the area surveyc:. one finds
most of the soil classes that occur both in the ridge country at thi; clevation

and also those associated with a smoother topography.

Soil-forming Processes

The rock formation comprises gently sloping, Tertiary trachytic lava
derived from now covered over ancient fissures on the eastern flank of the
Rift Valley. Under conditions of warmth and long-continued leaching under
ac_ld_ conditions, there has been the almost complete decomposition of the
qugmal rock minerals with the loss of silica and bases and with the accumula-
tion of secondary iron and aluminium compounds; that is, soil weathering
towards laterization. However, the residual soil is not senile and still has a
fan:ly high base-holding capacity, and highly desirable physical properties.
[t is naturally-well-drained with a high pore space, and though it contains
a high percentage of clay complex as shown by analysis, the latter is not as
reactive as siliceous clay, and the field texture of the soil is about that of a
friable loam. It has a favourable crumb structure and the surface soil is
sc.lf-mulching when dry. With the retention of a highly porous surface soil
with a good crumb structure, it is resistant to erosion, and, on the tops of the
ridges, attains a great depth—-up to 20 ft. or more.

. It is interesting to note how such conditions which are applicable to
mainly sedentary soils on not more than gentle slopes are modified by
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differc ~ topography and associated drainage. Where the land is more level,
as o1 he broad ridge near the residential area, erosion has long been
negli Here there has been a build-up of a foot or more of a dark brown
to ch late brown fertile surface soil over a dark red subsoil. Off the more
level | there is about 5 to 8 in. depth of a reddish-brown to brownish-red
loam; urface soil over a red subsoil, often with some pisolitic “murram”’
below ¢ fourth foot. The former soil conditions are similar to those of the
best « ‘ee lands immediately above Kiambu; whereas the more highly
colol soil which, incidentally, carries the greater portion of coffee at the
Static  is similar to most of the lower coffee land extending from Ruiru to
Thik. Within naturally-well-drained depressions and on the lower more
gentl .lopes, slow gravitational creep of surface soil from higher land has
giver ockets where there is a greater accumulation of a dark brown, well-
aggre led surface soil. Where the Ruiru and Komasaia rivers on either sides
of tl iate have cut down valleys. there are steep slopes often with shallow
soils. +here the drainage remains good, the soil is similar in morphology t0

that - 1 the higher, more gentle slopes, except that the hun;ic surface soil
is lec defined and more shallow. The local conditions necessitate the alloca-

tion ¢« three soil phases to allow for stecp slope, shallow soil, and a combina-
tion -f both these factors. Where there has been impeded drainage in the
past. mainly due 10 seasonal seepage waters, such as in the long depression
running down the middle of the farm and on the margins of sumps, there has

been a deposition of concretionary laterite or «murram”. In the lowest, more
protected portions where the land is still seasonally wet. the undisturbed
ancient sheet laterite is overlaid by a slightly orange-brown susfisce soil Over
a brownish-orange subsoil, with bright orange and black mottling. On more
sloping and generally higher land, now adequately drained, the refic laterite
has disintegrated and is contributing 0 <oil formation. Some such land 15
under coffee in block TIL A separate classification has 10 be allo“{ed for
shallow, gritty, orange-brown surface soil over an ?range-red subsoil }”“h
laterite concretions. Locally, 2 similar soil overlies an orapge-slfalﬂCd-
weathering rock following the removal of most of the once overlying murram.
Such conditions occur on low sloping shelves oft the lo‘wer reaches of the
two rivers and also bordering the “yleis”. Where material has been water-
borne and deposited in depressions. the original soil structure_and h1§h
colour have been destroyed and subsequent weathering under more anaero .
conditions has given rise to @ compact, brownish grey, clay vith grange
mottling, overlaid by an orange brown clay. In poorly-dramed ;pr;:s-
sions. the soil contains higher amounts of exchaqgeaple manganese an ?msg
of sodium. It was noted that long-cominued cultivation of sloF’.l ng lanld 1l
temporarily modified the colour and structure of the .surfaoe sm_ll a:% ocace);
there had been slight accelerated sheet erosion. This gave soil di eretz:ee ’
alongside the boundaries of different blocks of land, but it has-no; ctors
possible to map them. With a knowledge qf .the varied gen_eltlc alcn'ges
which have given rise t0 different kinds of soil in any ?'..ea'cdsm e

can be more readily anticipated and soil mapping 15 facilitated.
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Soil Classification

The soils have been classified and mapped into seven Soil S: with
additional phases to allow for seasonal impeded drainage, steepnes: lope,
shallowness of the soil and a combination of the latter two fac Che
texture of the surface soil is normally used as a further classificati- Soil
Series to give soil types. In the area surveyed, except in the case © is”,
dominated by seasonal impeded drainage, any appreciable differcn soil
texture is associated with other soil conditions which necessitate ! ma-
tion of separate Soil Series. Not all kinds of soil noted in this detai rvey
have as yet been given generic names and are here denoted under ¢ tive
phrases. Three of the more extensive Soil Series (or types) belong:  the
Kikuyu Soil Association, for the present retain the same generic So ocia-

tion name with added colour descriptions to denote the Soil Series
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yck diagram showing topographical relationships of soil series and phases.

ALLUVIUM
e
:--._________. KIKUYU ST & SH phase
"‘-‘-\
Q KIKUYU ST phase
S KIKUYU RED LOAM
et KIKUYU DARK RED LOAM
el KIKUYU RED LOAM  *
B KIKUYU “CREEP"

KIKUYU RED LOAM

WO0¥ ILAHOVHL

RUIRU RED LOAM

KAHAWA ORANGE BROWN GRITTY LOAM

VLEI
RUIRU RED LOAM

KIKUYU RED LOAM

KIKUYU ST & SH phase

KAHAWA ORANCE BROWN CRITTY LOAM
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The classification made is as follows:—

1. Kikuyu DARK RED LoaM

Common-occurring soil type on only gently sloping, broad ridge: ve
about 5,500 ft. in the Kiambu district. With limited geological erosu nd
vigorous forest growth there has been the build up of a mainly sed
dark brown to chocolate brown, well-aggregated surface soil over - at
depth of dark red, highly fragmentary subsoil without laterite conc:  cns.
The uppermost 1 to 14 ft. of dark surface soil contains about 0.2 per of
total nitrogen and there is a fairly constant medium base saturati ith
depth. This soil, which is resistant to erosion and very fertile, ery

extensive in the densely populated, long-cultivated African lands
Kiambu and Fort Hall districts.

2. Kikuyu REeD SoiL

This is the most extensive soil type in the low ridge country below ~out
5.500 ft. and also at higher elevation in more undulating count /ith
relatively more geological sheet erosion and with seasonal droug! ere
is a more shallow, less dark and less aggregated surface soil, ov: red
rather than a dark red subsoil and frequently there are soft “n wm”
pellets at depth. With prolonged cultivation the surface soil chan; rom
reddish-brown to brownish-red in colour and, with the loss of organi.. . atler
and associated crumb structure, the soil is impoverished and give: lower
yields of annual crops. However, with the maintenance of a good surt.cc soil
or by vegetable mulching, this soil type remains suitable for decp- o ting
coffee. Analyses show this soil to contain lower amounts of exchi 1zcable
calcium and greater soil acidity with depth. Soil profile samples tak.i from
block V which gave high exchangeable bases and saturation with pt! values

of 6.6 throughout were found to be contaminated by particles of charcoal
and ash, thus indicating abnormal conditions. The separate soil phases of
the Kikuyu red loam are associated with the balance of soil weathering and
erosion. Where there remains three feet or more of soil over rock, even on
slopes greater than about 15 per cent, it is qualified as a steep phasc. Where
the depth is less than three feet the conditions are described as the shallow
phase of the Kikuyu red loam and there is also a steep and shallow phase.

3. Ruiru StiGHTLY GRITTY RED Loam

The main condition which necessitates the exclusion of this Series from
the Kikuyu Association is the presence of secondary deposits of laterite or
“murram gravel” in the subsoil and often some small “murram™ grit in the
surface soil. The latter is usually a reddish brown to brownish red, slightly
gritty loam. It overlies a slightly orange red, gritty loam with pisolitic
“murram’”’; this passes into loose earthy “murram” within 3 ft. of the surface.
Such conditions are common on the lower slopes of the Kikuyu red loam
where it merges into wettish “vlei” land.
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4. ¥ WA ORANGE-BROWN GRITTY LoaM
s series represents conditions of extreme geological erosion giving

shal soil. Tt covers a complex of two geographically associated soils: the
one - brownish-orange, gritty loam overlying massive “murram” and the
oth . similar soil over some residual “murram” only over and within
wea - ring trachyte rock. At the Research Station, this Soil Series occurs
botl. 1 the lower slopes to the rivers and also within once more swampy
nar: depressions where “murram” had accumulated. There is also a
wet  “ase of this Soil Series in the lowermost parts of depressions.
5\ .1: GREY-BROWN MOTTLED CLAY LoAM TO CLAY

\is Series together with another having a grey-black clay loam over
a g v mottled clay is common-occurring in country of low relief in the
Kis ou coffee belt. The heavy soils result from a more siliceous weathering
of ¢ sosited material under new conditions of seasonal impeded drainage.

The  is a characteristic orange mottling within old root channels through-
out ‘he profile. These low-lying soils which receive seepage and surface
wat~ s from higher land contain 1 to 2 me. per 100 g of exchangeable
sodim throughout the profile. The more westerly vlei at the Station has a
mor. orange brown soil. Those vleis which once had natural outlets can be
drained by open channels cut through the “murram” rims.

6. RECENT ALLUVIUM LIABLE TO FLOODING

Both rivers are actively cutting down their valleys and there has been
very little deposition of material. Only a single instance of a small strip
of alluvium on the left bank of the Ruiru River has been mapped. Bere there
is an orange-brown, mottled sandy clay loam with a permanent high water-
table and subjected to flooding.

The appendix table gives certain analyses for nine soil profiles repre-
senting the classified soils.

The copy of this Report to the Officer-in-Charge of the (.Ioffe.? Research
Station, Ruiru, is accompanied by a map showing the delineation of the
classified soils. It shows a further soil phase where slow graVlmPOﬂal creep
on to more gentle slopes and into well-drained depressions has given greater
depth of a dark brown surface soil.

G. H. Gethin-Jones.
22nd August, 1953.
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