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Soil Survey of the East Konyango Area
South Nyanza, Kenya*

Soil Survey by: F. T. Miller, G. A. Woodruff and F. Collier.
Soil Chemistry by: A. Mehlich and W. Robertson.

Survey reviewed and correlated by: E. Bellis and J. Thorp.
Bio-assays by: A. Pinkerton and A. Mehlich,

I—INTRODUCTION
Location and Extent

The East Konyango Soil Survey, comprising 99,206 acres, is located in
South Nyanza District of Nyanza Province. The northern boundary follows the
Rangwe-Mirogi road west to Imbo. From Imbo to Rodi the boundary
parallels the road about half a mile to the north-west of it. From there it
runs straight west for 74 miles and then turns south-west and follows an old
road on top of the Lambwe Valley escarpment back to the main Mirogi-
Lambwe Valley road. The western boundary follows this road south to Mirogi
where it turns west and follows the Mirogi-Karungu road to the Ndhiwa
River. The Ndhiwa River, south to the Kuja River, forms the remainder of
the western boundary. The eastern boundary follows the Rangwe-Rongo
road south of Rangwe for approximately 2} miles, and then turns one mile
east and parallels this road south to the Misathe River. The southern boun-
dary follows the Misathe River to the junction with the Riana River where
it turns due south to the Kuja River. The Kuja River, back to the Ndhiwa
River, makes up the remainder of the southern boundary.

Administration

This area came under the administration of the District Commissioner
for South Nyanza at Kisii. It comprises parts of four locations: East Kon-
yango, Kanyada, Gem and East Nyokal. The District Officer of Eastern
Division at Homa Bay had overall administration of Kanyada, Gem and
East Nyokal locations. A second District Officer at Lambwe Valley is in
charge of East Konyango Location. Each location has an African chief who
is directly under the District Officer in charge of the location. The locations
are divided into sublocations and each sublocation has an African subchief
who is responsible to the chief of the location. Agricultural programmes for
the entire area are administered by the District Agricultural Officer at Kisii.
He is assisted by three divisional assistant agricultural officers, each in charge
of a specific location, or locations. Each location has a number of African
agricultural instructors and assistant agricultural instructors who are respon-
sible to the divisional assistant agricultural officer in charge of that location.
From Ist January, 1961, the area has been administered from the newly
established District Headquarters at Homa Bay.

* This survey was accomplished by the joint efforts of the Agricultural Department of Kenya
and the International Co-operation Administration of the United States of America.



History of Settlement*®

This area was formerly inhabited by members of the Masai Tribe, who
moved away about 200 years ago, although their raiding parties were 2
constant anxiety to later occupants until the First World War. The Kisii
Tribe then occupied the area for about two generations and they in their
turn were displaced by the Luo Tribe, round about the 1850’s. The Luo
came originally up the Nile River from the Sudan and settled along the
shores of Lake Victoria. The first settlers were engaged primarily in fishing,
but as their numbers increased they began moving inland. Cattle raising was
their sole means of livelihood until the early 1900’s, when they began to grow
sorghum, finger millet (wimbi) and sweet potatoes.

PR Ly WTIR
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A Luo ftribal elder.

When the Luo moved inland they built their houses on hills and ridges.
This was done primarily for protection against the raiding Masai.

As the population continued to increase, people began settling along the
Kuja River. They cleared some of the less dense timber and bush and began
farming small areas. At this time the Kuja River forest was infested with
tsetse fly (Glossina spp.), which carries human sleeping sickness. It has been
reported that many lives were lost before the people abandoned the area and
moved back to the higher lying lands. The fly has been controlled in recent
years by spraying the forest along the river, and the people are now beginning
to re-inhabit the area.

No accurate population figures are available for the area. The only
accurate figures are for the number of taxpayers in each sublocation, but
even this poses several problems. First, the only people who are on the tax

* Information collected from local people.
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rolls are adult males over 18 years of age. Secondly, the survey does not
coincide with sublocation boundaries, and consequently in many instances
only fractions of sublocations are within the area. Because of this, it was
necessary to estimate the proportion of a sublocation which occurs within
the survey area and use only that fraction of the total taxpayers for that
sublocation. By this method it was determined that there are a total of about
4,757 taxpayers within the East Konyango soil survey area. To each tax-
payer was added one wife and three children, which gives an estimated total
population of 23,185.

Land Tenure

The land within the East Konyango survey area is owned by the clans
who first settled the land and not by individuals. As the clans settled a given
area, individual families would locate their houses on the tops of hills and
ridges. The elders of the clan then divided the land in long narrow strips
from the tops of the hills to the bottoms. Each strip or parcel of land was
allocated to a specific family within the clan. As the population of the indivi-
dual clans increased, the strips were further divided. In some cases the strips
became so narrow that it was necessary to divide them horizontally. This
resulted in some fragmented holdings by individual members of the clan. In
order to ensure an equitable distribution of land after the strips were divided
horizontally it was necessary to allocate a number of fragments of land
located at different positions on the hill to one individual family. Conse-
quently, the farm of any one family may be divided into as many as three
or four fragments. The size of the holdings of a family ranges from as low
as two to three acres near the lake shore, north of the survey area, to as
much as 100 acres within the area. The average is eight to ten acres per
family. After the initial dividing and allocation of the land by the clan
elders, the rights of cultivation and grazing become inherited.

Shifting cultivation is practised and the number of acres cultivated at
any one time depends on the size of the individual family. It averages from
three to five acres. A given plot of land is tilled until the soil becomes
exhausted and is then abandoned and a new plot is broken out of grass.

All grazing is communal. Supposedly it is controlled by the clan elders,
but without enclosure they find it difficult even to stop grazing from other
clans. In recent years a few families have started to enclose their land, but
this is exceedingly difficult in view of the fragmented nature of their holdings.

Every 10 to 15 years the houses are shifted. This is done for several
reasons. The most important being the cultural background of the people.
If a member of a family has been stricken with illness or death the survivors
believe that some bad influence has come over their house which, therefore,
must be moved. Another, more practical reason, is that the dwellings are
constructed of mud walls with grass roofs, and consequently are not very
permanent.




Industries

With the exception of agriculture, the main industry in the area is the
production of jaggery (brown sugar) by the two small factories located at
Ongeng and Mirogi. These factories buy sugar-cane from the farmers within
the area and produce jaggery which is sold to the local dukas (shops) at
Mirogi, Rangwe, Marinde and other nearby villages. The dukas in turn sell
the jaggery to the local Africans and some of it is made into illegal home-
brewed spirits known as “Nubian Gin”. The jaggery factories were built with
funds from the African District Council. They were taken over in January,
1959, by the Nyanza Province African Sugar Marketing Board.

Three African Co-operatives operate boiling centres for the production
of ghee (drawn butter) in the area. The ghee is bought by the Nyanza
Province Marketing Board and they sell it to Asians who use it as cooking
fat. Three to four times as much ghee is produced by local families and sold
directly to Asian dukas without going through the Co-operatives.

A few small brick factories near Ndhiwa produce poor to fair quality
bricks. These bricks are sold locally and used for building dukas, houses,
schools and churches.

Hides and skins are cured by the local people and sold to Arab traders
at Marinde and Mirogi.

Transportation and Markets

All of the major markets within the area are connected by fair to good
murram roads. The Rangwe-Mirogi and Mirogi-Lambwe Valley roads are
in fair condition. The Rongo-Rodi road is now (1959) being rebuilt and
improved. The Rongo-Rangwe road is the only other murram road in the
area, but it is in poor condition. Several bus lines give daily service to the
markets from the larger nearby communities. The area south of the old
District Commissioner’s road (from Nyanga to Mirogi) to the Kuja River is
not reached by any motor roads. Before any extensive agricultural develop-
ments are undertaken in this area it will be necessary to construct access
roads.

The area has three trading centres at Marindi, Rangwe and Mirogi
where Asians, Arabs and a few Africans run reasonably lucrative businesses.
There are large African markets at Ndhiwa and Ongeng and smaller ones at
Magina, Imbo and Oboke, where some African traders run good businesses,
but others are traders only in name.

Each of the markets has a weekly market day. On these days produce
is carried to the market by the women and sold. Cattle auctions, under the
supervision of the Veterinary Department, are held every week at Marinde,
Ndhiwa and Rangwe. Buyers often come from the Ahero-Kisumu area and
drive small herds back along the roads to be slaughtered and sold or sold
alive in the market at Ahero. Market day is an important occasion for the
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people. It is their primary social outlet. On these days they have the oppor-
tunity to meet their friends and exchange the latest news and gossip. Most
of the agriculiural products of the area are sold or bartered through these

local markets. The Nyanza Marketing Board does, however, buy all non-
perishable African produce. Practically all groundnuts, simsim (sesame),
green grams and cowpeas are sold either directly to the Marketing Board
or to Asian dukas who in turn sell to the Board.

Schools and Other Social Facilities

I'here are 14 primary and two intermediate schools in the area, managed
'y either the District Education Board or by a religious organization. All
but a few unaided mission schools are financed from public funds adminis-
tered by the District Education Board. Most of the children complete four
vears’ primary education, and about one-third eight years’ primary and inter-
mediate education. Facilities for secondary education do not exist within the
area. Only a very small number, not more than three or four a year, leave
the area for secondary education.

Market day at Ongeng.

There are seven churches of various faiths in the area. There is a dispen-
sary at Marinde and a health centre at Ndhiwa.

The chief social outlet is market day. It affords a chance for people to
meet and visit. Several of the markets have licensed African beer clubs where
beer made from wimbi and sorghum is sold. Funerals as well as markets are
important social outlets.



Water Supply

The principal sources of water for domestic and livestock use are the
streams and their tributaries. Livestock is driven daily to the streams for water.
African women obtain water for domestic use from the most convenient
source available, streams, seepage spots, and from temporary water holes
following rains. Asian and Arab dukas in the various markets collect rain-
water from metal roofs for domestic use. Bilharzia is prevalent in the streams
throughout the area.

There are a number of hand-built small earth dams and pans in the
area, built by local communal effort. The possibility of obtaining water by
boreholes has, in some places, been investigated, but it appears that the
water table is too deep for hand-rig boreholes. McCall [5] considers the rocks
which underlie the survey area in the south and in the north-east to be fairly
good water-bearing rocks.

Wild Life

This area does not support much wild life. With the exception of birds,
such as quail and Kavirondo cranes, most of the game is concentrated in the
forested areas along the Kuja and Ndhiwa rivers. Here can be found water-
buck, reedbuck, bushbuck, monkeys and baboons. The monkeys and baboons
cause considerable damage to the nearby shambas. Hippos can be found in
the Kuja River and there are leopard and rhino in the riverine bush.

Agriculture and Livestock

The East Konyango Soil Survey area occurs entirely within the Luo
Reserve, and consequently only a strictly peasant type of agriculture is
followed. The people tend to cling to their old habits and customs and, there-
fore, the agriculture of the area is not very far advanced. Almost all agricul-
tural operations, tillage, seed bed preparation, planting and harvesting are
initiated by the clan elders. This is based on the fear that some disaster will
befall anyone that tills his land or plants his crop before the clan elder. His
crop may fail; he, or a member of his family may become ill; or he or
someone in his family may even die. In short, agricultural practices are
largely controlled by traditional ideas, some of which, in effect, may be good,
and others may have no value or may actually be harmful. Probably the net

effect of these ideas and customs is to retard the progress of agriculture in
this area.

Neither commercial fertilizers nor manure is used to improve Crops.
Vegetation is periodically burned during the dry period, after the grass has
matured and become rank and unpalatable for livestock, to encourage
succulent growth in the following wet season.
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Firewood is becoming scarce in the area. Some woman walk as much as
ten miles to obtain firewood for cooking purposes. This could be remedied
by planting more groves of Eucalyptus to supplement the plantings of cassia
which have been made in the past for this purpose and the few Eucalyptus
groves which already exist.

General view of the Rangwe Hills.

Most of the soils in the area have been cultivated at one time or another,
but only about 10 to 15 per cent of the total area is under cultivation at any
one time. For several reasons the most intensively farmed soil in the area
is the Rangwe sandy loam. The main is the relative ease with which this soil
may be tilled. It is loamy, friable and easy to work. Since most of the tillage
operation is done with a jembe (grubbing hoe) the Luo have shied away from
the more intractable clayey soils. Also the people tend to locate their shambas
as close to their houses as possible. In the past, their houses were located on
high ridges and hills for protection against raiding Masai tribes, and this
custom has persisted. Rangwe sandy loam is the commonest soil on these
sites and it is very likely that it has been farmed longer than any other soil
in the area. Remnants of old stone bomas (enclosures) built by the Luo to
protect their stock from Masai raiders can still be seen in many areas of
Rangwe sandy loam. Tt is very likely that they too, settled on the higher
ridges and hills for protection against warring tribes.

Most of the crops grown in the area are for subsistence and are consumed
locally; cowpeas. groundnuts, simsim, green grams and sugar-cane are the
major cash crops. The major foodstuffs that are bought are fish and meat.

R R AR D S
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Some of the children are undernourished; probably through ignorance rather
than actual lack of food. They suffer from protein deficiency because they do
not get enough meat, milk and fish.

A cattle census in 1950 showed that there are some 43,000 head of cattle
in East Konyango Location, all of native breeds. There are fewer goats and
sheep than cattle, and fewer sheep than goats, but figures on their total
numbers are not available. Feed is not grown nor purchased for any of the
livestock. They graze all year long on native pastures. Livestock is sold at
the weekly auctions at Marinde, Ndhiwa and Rangwe. Goats and sheep are
butchered and eaten at various native ceremonies. Cattle are a measure of
wealth to the African and consequently he is more interested in numbers than
in quality. They are still used as bride payments, the number ranging from
10 to 20, depending upon the quality of the cattle and also on the status of
the bride.

An average of 150 tins of ghee per month is sold to the Nyanza Market-
ing Board by the boiling centres in the area; but much more ghee is sold
directly to the Asian dukas and does not appear in marketing statistics.

Survey Methods

In this semi-detailed soil survey, traverses were made at } to § mile
intervals throughout the area using new (November, 1958) 1:20,000 aerial

photographs to help determine the traverse lines and the points at which to
examine the soil.

These photographs were used as base maps. The geographical extent of
each soil was shown on the base maps by means of lines intended to separate
one soil type from another. Soil boundaries, however, are not everywhere
abrupt. Rather, in most instances, there is a transition or gradual change from
one soil to another, and consequently the soils occurring near the boundaries
may have characteristics similar in part to those on both sides.

Soils were examined in auger holes to a depth of 5 ft. providing bedrock
was not found sooner. The holes were not spaced in any definite or regular
pattern but were located on the basis of discernible changes in topography
and vegetation and of indications obtained from the aerial photographs.
These were studied thoroughly and any change in tone or colour noted as
such changes are important clues helping to locate soil differences. The soil
surveyor based the outline of each soil unit mapped (1) on his spot determina-
tion of the soil in the field, (2) on his appraisal of the lie of the land, (3) on the
local vegetation, (4) to some extent on the appearance of the crops in the field,
and (5) on differences in the degree and pattern of shadowing in the aerial
photographs. Deep pits were dug on carefully selected sites representing the
model or central concept of each soil found. In these pits attempts were
made to dig deep enough to reach the underlying bedrock and the pits ranged
in depth from 2 ft. to 9 ft. These pits revealed distinct horizontal layers called
“horizons” which collectively make up the soil profile. The individual horizons
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revealed in the pits and the profiles as a whole were examined in detail and
observations were made on the number, arrangement and thickness of the
horizons; colour of each horizon; texture, or the relative proportions of the
various size groups of individual soil grains (sand, silt, clay) present; structure,
or the arrangement or natural grouping of soil particles; consistence, or the
tendency for the soil to crumble or to stick together; and other characteristics.

For standardization purposes colour is measured by comparison with the
Munsell soil colour charts. Colour is usually related to the kind and amount
of organic matter and the kinds of minerals present. Spots and streaks of
grey, brown, yellow and red in the lower layers generally indicate poor drain-
age and poor aeration. Texture is estimated in the field by the way the moist
soil feels when rubbed between the fingers. For example, the sandy soils feel
coarse, loamy soils feel friable and somewhat floury, and the clayey soils
are usually hard when dry and plastic when moist. Moist clayey soils form
“ribbons” when pinched between thumb and finger. The textural class is
later checked by laboratory analysis. The principal texture classes are: sand,
loamy sand, sandy loam, loam, silt loam, clay loam, sandy clay, silty clay
and clay. Texture affects moisture retention and the difficulty or ease with
which the soil may be cultivated.

Structure refers to the shape and arrangement of the natural groups of
individual soil particles, and gives clues as to how readily the soil is penetrated
by moisture and plant roots and how it will respond physically to cultivation.
Important structure terms are: Platy—particles arranged horizontally in
plates; Granular—particles firm and rounded; Blocky—particles arranged in
blocks with flat or slightly rounded surfaces and relatively sharp angles;
Prismatic—particles arranged vertically into prisms; and Columnar in which
the particles are arranged into prisms with rounded tops.

Consistence of each horizon is determined by the way the soil feels under
different moisture conditions (hard when dry; friable when moist; sticky and
plastic when wet, etc.). This is a valuable aid not only in helping to assess soil
texture but it also furnishes a clue as to the character of the individual soil
grains (type of clay present).

Other important characteristics observed in the field include the follow-
ing: the depth of the soil over bedrock or compact layers; the presence of
stones that will interfere with cultivation; the steepness and pattern of slopes;
the presence of laterite or “murram” layers; the amount or degree of erosion;
the nature of the parent material; and the acidity or alkalinity of the soil, as
measured by simple chemical indicators and later checked in the laboratory.

After observing and recording the foregoing physical characteristics in
the field, each horizon in the soil pit was sampled and chemical and physical
determinations made in the laboratory to help characterize the various soils.
Besides plant nutrient determinations (i.e. phosphorus, nitrogen, potassium,
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etc) some of the more important examinations made in the laboratory and
used in recognizing different kinds of soil are as follows: organic carbon;
pH and per cent base saturation; per cent sodium saturation; size distribution
of the soil particles as determined by mechanical analysis; and the determina-
tion of the nature and kind of secondary minerals present as measured by
electro-chemical charge distribution of the soil colloids. These chemical and
physical data ultimately were used for the evaluation of each of the soils and
for checking (and where necessary amending) the field classification.

Classification

On the basis of the characteristics observed in the field and those deter-
mined in the laboratory, the soils are classified into series, types and phases.
A soil series is a group of soils that are essentially alike in every respect
except for the texture of the surface soil. This group is given a geographical
name taken from the area in which the series was first found and described.
An example of this is the Ongeng series.

A soil type is a subdivision of the soil series. It is the same as the soil
series, but with the additional information on the texture of the surface soil.
Therefore, the soil type name consists of two parts: the series name and the
textural class name of the surface soil. It is possible to have more than one
soil type in a soil series. For instance, there are Ongeng sandy loam, Ongeng
loam, and Ongeng clay loam. However, most of the soil series mapped in this
survey area are represented by only one soil type.

The soil phase is a further subdivision of the soil type. It is used as
a means of adding useful supplementary information to the soil type. Such
information as degree of slope, amount of erosion and occurrence of stones
or rock outcrops is added to the soil type to arrive at the soil phase. The
soil phase is the unit usually shown on the map (though in certain complex
situations the phases mapped are of soil associations and not soil types).
The soil phase has the narrowest recognized range of characteristics and
therefore it is for the soil phase that use and management practices can be

stated most specifically. An example of a soil phase is “Ongeng loam,
0-3 per cent slopes”.

The boundaries marked on the aerial photographs between the various
soils ultimately identified in the classification were projected optically and
traced on to the 1:50,000 Survey of Kenya series GSGS 4786 sheets,
Nos. 129/11, 129/1V, 130/1 and 130/1II which cover the survey area.

Users of the soil map and report are cautioned that this is a semi-
detailed survey not a highly detailed one. This means that the surveyors
can vouch for the accuracy along the lines of traverse but that the boundaries
drawn across areas not seen close at hand may vary somewhat from their
actual position on the ground. Also the survey records only the features
revealed by the techniques available for undertaking it and it is imperfect
to the extent that these techniques or the handling of these techniques is
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imperfect. In the absence of a detailed examination of every minutest part
of the survey area and of every layer of soil in each part, the possibility
remains that some soil differences have passed unnoticed. Furthermore,
where soils grade into each other imperceptibly, some uncertainty must
always exist regarding the number of subdivisions to recognize and where
to draw their boundaries. Again, certain soil units show an intrinsic hetero-
geneity of such intensity that the component variants defy mapping. These
situations, where they occur, have been met by including in the soil descrip-
tion in the report an indication of the range of characteristics likely to be
encountered with each soil, by the mapping of soil associations and
complexes and describing the component soils of the association and by
the inclusion of minor described units in the mapping unit of the major
soil in association with which they occur. The smaller scale of the base
map (1:50,000) makes it impracticable to outline patches of soil of less
than about five acres extent.

II—GENERAL CHARACTER OF THE AREA
Land Forms, Relief

The main part of the East Konyango soil survey area is an undulating
plain, with broad, nearly level ridges, and with wide valleys flanked by
zentle slopes. The monotony of this plain is broken by Gem ridge in the
north-east which rises 100 or more feet above the plain to a maximum
elevation of 4,687 ft. above sea level. A series of similar ridges breaks the
plain along the eastern side of the area. The Kuja River and its tributaries
have cut fairly deep valleys in the southern and south-western parts of the
plain, leaving hills and ridges 100 to 200 ft. high. The lowest point, where
the Kuja River leaves the area, is about 4,100 ft. above the sea.

This present landscape is a remnant of a much more ancient plain
which was the product of a long period of erosion sometime before the mid-
Miocene. Geologists [3] [5] speak of it as the “sub-Miocene peneplain™. As
the Lake Victoria basin developed, this plain became tilted to the west and
most of it became dissected, well-marked sub-Miocene land surfaces now being
recognized only on the uplands and rising land bordering the survey area in
the south-east. The western part of the peneplain was covered by lava and
volcanic tuff probably in Pliocene times [5]. In the Tertiary period the area was
affected by faulting associated with the development of the Kavirondian
Rift Valley and this gave rise to a south-easterly dip slope to the northern
part of the survey area, much of whose northern boundary follows the
crest of the magnificent Kaniamwia escarpment which was formed as a
result of this faulting. These earth movements have rejuvenated the streams
which now run rapidly and have cut their way to bedrock in most places.
Probably erosion has removed all but the most deeply weathered parts of
the soils and rocks of the original peneplain, and none of the present soils
can have begun to form until late Pliocene or early Pleistocene times. The
question of soil age is discussed in a later section.
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Stream terraces and flood plains are limited to small areas along the
streams and are not continuous. Most of the streams are flanked by long,
gentle, fan-like slopes that merge with the bordering hills, especially in the
eastern part of the area. Most of these slopes are affected by seepage and
become semi-swampy during the long rains.

Drainage

Most of the area is drained by the Kuja River and its major tributaries,
the Riana. Kibugo, Mirogi and Ndhiwa rivers and their numerous branches.
The Ogweo River drains a few square miles of land between Rodi and
Rangwe. Water from the Ogweo flows north into the Awach River, which
enters Lake Victoria at Homa Bay.

Drainage is rapid from the steep hills in the eastern part of the survey
area and on the steep slopes near the lower courses of the main rivers. It
is more sluggish on the smooth uplands and on the fan-shaped gentle
slopes bordering the middle and upper courses of the streams. The lower
slopes of the hills and smooth lands near stream courses have slow drainage,

and seasonally swampy conditions prevail in these places during the long
rains.

Stream flow in the Riana and Kuja rivers varies considerably, and
maximum discharge is reached in April and May. Intense rain storms in
these two months cause local flooding of the tributaries to these rivers. The
water table is near the surface in many places at this time and local areas
of poorly drained land and marshes occur.

Geology

The gco‘logylof the East Konyango soil survey area is complex. The
geological formations which occur in the area are divided into four main
groups. They are Tertiary volcanics, Kavirondian conglomerates. Nyanzian

rhyolites and intrusives (3] [5]. the last three of which are of pre-Cambrian
age.

The “Tertiary volcanics” are soda-rich basic lavas and tuffs which
dominate the northern section of the survey area. Most of the bedrock
north of the Rodi-Mirogi road consists of Tertiary volcanics, but some
Kavirondian conglomerate is exposed near Ongeng. A large body of the

Tertiary volcanic rocks lies some two miles south of Marinde and extends
to Imbo.

The Kavirondian rocks are of metamorphosed ancient sedimentary
material ranging from coarse boulder conglomerates through grits and
sandstone to fine-grained mudstones and shale. The coarse boulder con-
glomerates are most extensive, while the other members of the series usually
comprise of only minor intercalations within them. The matrix of the con-
glomerate varies considerably. The most abundant feldspars are orthoclase
and oligoclase. “Sub-rounded quartz grains are common and calcite relatively
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abundant in interstitial pools™ [3]. The main area of Kavirondian conglomer-
ate mapped by the geologist is south of Ongeng. It goes as far west as Okok
and east nearly to Magina. Between the Kibugo and Olungo rivers it swings
south as far as the Riana River. There is also an area of the conglomerate
exposed between Imbo and Rodi, one at Ongeng, and another fairly large
area just to the east of Gem. Underlying rocks found in this area during
the soil survey were usually Tertiary volcanic rocks. The discrepancy arises
in part from the much greater intensity of traversing of the area in the soil
survey than in the geological survey and in part from the lithological
thinness of the Tertiary rocks in the locality.

The Nyanzian rhyolites are acid volcanics with layers of banded iron-
stone, The rhyolites contain many quartz phenocrysts set in a very fine-
grained material. Large areas of the rhyolite are exposed south of Ndhiwa
Market and extend to the Kuja River.

The pre-Cambrian intrusives are represented by the Kitere granite which
covers a large area in the south-eastern section of the area, beginning some
four miles east of Magina and extending to the Olungo River and south
to the Kuja River,

Volcanic ash. probably derived from the nearby centres of Tertiary
volcanism, occurs in most of the low areas and along all the streams. Deep
exposures (10 to 15 ft.) along the Kuja River show alternating ash and clay
beds. Some of the ash beds attain thickness of over 4 ft. Many isolated ash
deposits were observed on the smooth, gently undulating plain formed by
the Tertiary volcanics in the northern part of the survey area.

Climate

The climate of the East Konyango area is warm throughout the year,
with well-pronounced wet and dry periods. Rainfall records for the survey
area have been kept for only a few years. The Marinde and Mirogi station
records may be considered fairly representative, but are for periods of only
ten and seven years respectively, and do not show complete cycles of longer
periods. For the southern part of the survey area, mainly along the Kuja
River, there are no records at all.

The rainfall varies between 40 in. to often more than 50 in. most of
the time, but there are many years when the rainfall is less than 40 in.
Records from the Kisii District Office show that the rainfall in Mirogi has
been as low as 23.68 in. and that four years out of ten the rainfall was
less than 40 in. Marinde records from the same source show a low year
of 32 in. and eight years out of ten less than 40 in. of rainfall. Experienced
agriculturists familiar with the area say that there has been more than one
severe dry cycle in the last 20 years.
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January and February are hot and dry and much of the communal
pasture land is burnt over at this time. Occasionally this drought period
is relieved by unseasonal falls of grass rains which freshen up the country-
side and bring on a flush of young succulent green grass. March brings
increasingly more cloudy days and more total rainfall. In April and May
the “long rains” are at their peak. During this time the mornings are sunny
but after midday clouds begin to gather and it rains rather hard in the mid-
afternoons. Some of the mornings in May are foggy. The last half of April
and the first half of May are the wettest part of the year. The monthly rainfall
in June is similar to that of March. July and August, like January, are also
dry months. September and October have more rainy and cloudy days, but
the total monthly rainfall is only 1 in. or 2 in. higher than the summer
months. The “short rains” are expected in November and December, but
are unreliable. There is often some localized hail at this time of the year.

Maximum daily temperatures during the hotter, drier parts of the
year are usually in the upper 80’s, but can attain 95° F. Minimum daily
temperatures drop 1o about 50° F. in the cooler months. The humidity is
rather high. Strong winds are common, but during the afternoons a mild
breeze often blows from Lake Victoria towards the Kisii hills. At twilight
the direction of the breezes is reversed. Since 1955 there has been good
rainfall over the entire area.

Most of the East Konyango area is much warmer than the Kisii region
which lies at higher elevations with corresponding higher rainfall.

The African peasant farmer starts planting his crops when the local
elders assess the time as propitious and give their approval. This usually
results in land preparation and planting being left too late.

Table 1, page 15, gives some average monthly and yearly rainfall figures.
Table 11 represents some recent records which, atlhough they are only for
a five-year period, are probably more accurate than other rainfall records.
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Vegetation

Mr. T. Chapman, Agricultural Officer (Research), Experiment Station,
Sotik, kindly made a brief study of the vegetation in the area and reports
as follows:—

‘Although the vegetation of this area is influenced primarily by
drainage it can be divided for convenience into three main types [2):—

(1) Low Tree—High Grass Savannah (Combretum Woodland) on well
drained land (e.g. the hills close to Rangwe).

(2) Grouped Tree Grassland on poorly drained land (e.g. the Rodi-
Ongeng areas).

(3) Riverine bush along the main rivers.
Low Tree—High Grass Savannah

The association is somewhat atypical as a result of previous and
widespread cultivation. For instance, in the vicinity of Mirogi there is
very little of the tree flora left except for the odd Acacia spp.

However, remnants of this association can be found. Cymbopogon
afronardus comprises the greater bulk of the “high grass” with small
quantities of Hyparrhenia rufa. Where cultivation has taken place poorer
grass types are evident: examples are Harpachne schimperi, Chloris
pycnothrix, Rhynceletrum repens, Aristida adoensis and Eragrostis spp.

The tree flora consists mainly of Combretum spp., with smaller
numbers of Euphorbia candelabrum, Synadenium grantii, Carissa edulis,
Acacia sieberiana, Acacia gerrardii, Acacia spp. and Ficus spp.

Grouped Tree Grassland

The tree cover in these poorly drained areas varies greatly and
in some situations there are very few trees at all apart from planted
Eucalyptus spp. and Markhamia platycalyx. Again, Acacia sieberiana
and A. gerrardii are present with Acacia seyal var. fistula (mainly near

Mirogi) in small numbers. In many places the termite hills have been
cleared and cultivated.

Thn-: dominant grass species over most of this area is Pennisetum
catabasis, althc_)ugh where previous cultivation has taken place, Digitaria
scalarum (African Couch Grass) is dominant and Imperata cylindrica,

Bracharia soluta, Sorghastrum rigidifolium and Eragrostis spp. can be
found.




Grouped tree grassland.

Riverine Bush

This is extremely thick and appears to be again a type of Group
Tree Grassland with the clumps of trees very close together. The grass
species occupying the small glades in the bush comprise many of the
better types such as Cynodon dactylon, Panicum maximum, with Setaria
caudula on the edge of the thickets. The probable reason for the presence
of these better grasses is that owing to the impenetrable nature of the
bush and the presence of leopard and rhino the local inhabitants have
yet to come to grips with it.

Trees typical of the thickets are Grewia spp.. Carissa edulis, Rhus
r natalensis, Acacia spp., Albizzia spp., Tylosenia fassoglensis and Pilio-
stigma thonningii, with Sansevieria spp. growing at ground level.

Within the riverine bush are river terraces on which the tree groups
are much more scattered. The boundaries of the river terraces are marked
by Acacia polyacantha var. campylacantha (Falcon’s claw Acacia), and
on the terraces there are very few Piliostigma thonningii. Common tree
species are Erythrina abyssinica, Euphorbia candelabrum, Carissa edulis,
Vernonia spp. (V. magdalina?), Capparis percicifolia and Ficus spp.

The grass is mainly Hyparrhenia spp.
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Conclusions

Apart from the hilly uplands on the fringes, where there are relic:
of the Low Tree—High Grass association, virtually the whole of the
survey area is influenced by impeded drainage with the resulting vege
tation being a type of Grouped Tree Grassland. The picture is compli
cated by cultivation so that in many areas the group tree effect is difficult

to discern and the natural vegetation difficult to determine.’

1II—SOILS OF THE EAST KONYANGO AREA

A total of 28 soil types subdivided into phases of soil types based on
slope gradients and degree of accelerated erosion are shown on the map.
In addition, one complex and one variant are shown. The complex is shown
because the two soils occurring in the complex are so intermixed that separa-
tion of each was impractical on the scale of the map of the East Konyango
survey area. In the case of the variant, it is shown to avoid establishing a
new soil series for only a small total acreage of land. Seven miscellaneous
land types are shown, to take care of complexes of very stony and eroded
foils, the details of which are of little significance. Permanent swamps and
alluvial lands which are subject to periodic flooding are also included in the
miscellaneous land types. All of these soils are described in the following
pages.

Table 11T gives a complete list of recognized soil types and phases, and
miscellaneous land types, with area in acres of each.

Table IV shows some of the important characteristics of the soils that
bear directly on problems of use and management, such as natural drainage,
permeability and natural fertility. The relationships of soils to parent rocks
and topography are also shown.

The soils are described very briefly in following paragraphs in the
alphabetical order of the series names. Most of them are described from the
surface to bedrock and, the deeper ones to 8-10 ft.

Brief statements cover the present use and suitability of each soil for
various uses. Detailed technical descriptions of the soil types appear in the
Appendix along with analytical tables.




19

N O T OO TNONOEONEMNENE A NT Q00—

—— OO

4+ - N NANAAN—NT N S -

oSt
LS1

£8L8

LEG6']
S6T°1
(443
STL

08L°1
$69
08Tl
08L°01

L9L

SEY |

SE8T

L8LT |

V9T |

| LL1'E {
omwrm

6T
00P'T
¥90°T
8LVl
9LTT
9sL

0£0°1
981

001y

=R W R “sdurems ULUBULId]
_ _ _ LS1 | L W N wreo] Apues SuaiuQ
_ 165y 6ty MmO | o] SualuQ
_ | 58 i | zsg'l| %uQ | wreo] Aepo SuasuQ
wo ) 2l L e
_ i | | szL 7 PO | wreo| Aep Apues 33040
081 i SR R  weoj Aepo Apues 01210
“ | 006 | o8 | BN | G hﬁﬂn TERN

| | | dwod wﬂuw.w n_.m_.—w
_ il _ 7 08Z°1 | BN | weo] Apues Kuojs nSueAN
| 06V | |06z'8| KN | Weo| OIneweAN
7 | 06¥ IPN | * weo] BMIYPN
| 065C 0997, N | ** weo] SWESI
_ _ _ 9L Eﬂ | ¥ er hu_u .ua.:ﬂ

| “ " _. v 5 apuLe
_ 7 086°1 m | 558 | o SIN s pues 251802 Awreo| BuISeN
. 80 | | 6LT'1 == = Euo:ﬂwwﬂ

_ [sp9T| ™ | = a0 ureo|
_ | sir | __ or'z| Px | “*  weoy Ae[d 0BuRAUOY
978°1 | og0‘r! WM | °° "t 7 weoj oSnqry
| R e
_ o 7 s 90T, 09N 7 o 2 © weof Aejo HOSIQIY
. . = 7 8LY'1 ammm s YSE JIUEd[OA pue Eﬂ—%—: 1es Jo_vo._m—
e e | |V coe | o |- e weo] Ae> Hueyg
“ m | 0£0°1 Yol EEEB%E: ‘STI0S [RIATTY
| 981 _ o g e *"PapoI13 ‘pous ‘wreo] Aep Ofiy
¥6 _ 6¥T°1 7 LLE'T| 08¢ o A58 B3 wieo| Ae[o oYy
D e |
oz loz-€1|0z-8 | €1-8 | €1~€| 8¢ [ £1-0| 80 | €0 _
: Q.J. ; u um| .|mw i IMI [oquisg | SASVHJ ANV S3dA] TIOS

SHIavEr) % ANV S3ssv1) 3dOTS

240 ; DONVANOY ISV ©

SISVHJ OGNV SIdAJL TIO§ 40 muoﬁxu<| I1 m.._ﬁ.a.




20

——
001 | 90C'66 | '° TVIOL ANVED |
. ; _ _ |
0T | S8l | _ _85_ _ el B Ry (53001 SNOANIS) PUE] AUOIS
L | I _ | 1e | _ | ws | -7 “-(yew [10s ngnqry) puv| Auois
S| TES | | | | TES _ s | (aesewo[duo) UBIPUOIIAEY) PUB] AUOIS
-1 | LEOT Tn _ | o8L | Z1 bt as |+ .- (syposop[eseq) pus| Aucis
L€l | $T9'E | _ I’ 60Ty Y 7 S gl weoj Aep 1POY
1 | 9001 | . | _ el M-S0 R M oo st i, .
go | 9S v _ _ | 9LS _ oey | JuBLIEA [EIAD[JOD ‘WIEO] K[> IMBUTY
8-01 | 608°01 _ | | 1699°01 _ T S L (e ak weo| Apues aMSuRY
| +o0z ?W:_" ozg €18 €€ 8€ 7 €10 80 | €0
eale | | | | |
o | mon |2 a |G| [a] 8 |9 I BV T hoquss sasvig ONY SIAL TOS
INFIQVED %, GNY S3ssV1) 3dOI§ _

——  —————

A._&:abwhamua\ AFAUNS OONVANOY 1SV ‘SISVH{ ANV §3dAL 0§ 30 SIOVIHOY—III F1EV.L




21

P

“ Ayons fuuy

|

| £xons

6T

4
81
R
e

. 20

sa1qeld) fprey Api

‘onsejd Aiaa pue
‘piey |

-anse|d pue
fuay fpieH

anserd
K19A hxu:m K12A

fuy A194 {piey AJap

u:m.n_n
fugy fpleH

-onserd Apysis

‘Aypns Apysis
s

onsepd

Apysis pue Ajons

“Kyons

t9[qeid) tpavy Apysis

u_uw.m_n pue
Ayons fuay pieH

onsejd pue
£yons fuuy fpieyH

‘umol _

st onsed | Juidoys
jiep 01 pue £yons a_.ED_.V ! ‘uMolq | Cwinipaw Apuag |
AosB yiep oA | § | o|quyipIRGARYBNS | OHEp K13A | 01 mMOIS | 01 [3A3) AfwN | mo | wiwoy Suadug -+ surejd puepdn
‘K218 iep -anseld pue Ayous ‘uMmoIq ‘wnipaw | “Suidoys Apuad | _ “weo|
£13n o xuu“m 9 |tajqeu) :prey ANYByS | K218 yaup AI9A _ 01 MO[S | 01 [3A3] AEIN {15 e | Aep  8uslug surerd puepdn
SEAIE PN} 10 YSE UEI[OA JOUND I S0 dA) dEseq woyy Lpdre padofasIp SO _
o 4 m _ _ _
01q | | | _
ysikasd _ -ansejd ‘Suidoys
| yaep o) A _ -uou *Axons-uou ‘Aaa8 | Apuad | ‘suoiyisod
yiep Alop | € | (9[qQEI] AJA 11J0§ yrep Az _ ‘MOIS _S_u:a_h_uuuz . 17 weo| 1Bue] | sawouod ‘surejd pueidn
_ ‘umoIq
| anseid | ygep £19A 03 | fmdojs |
u...uum__a | ‘Kyons ApydSis | umoiq A28 _ “wnipaw Apuad | _
0} £a18 jreQq | 9 _“o_ns:__..a._ Apyans 3ep A13A | 01 MOIS _3_95_ Apean '™ | ‘weoj oBnqry surejd puepdn
7 “Kyons “ ‘Burdojs * |
umolg | -uou u:mw_n -uou 7 ‘umoiq Apuad | | ‘ureo|
ysippas yJBQ | 9 | IIqELyprey APYBNS | ysppas yieQ i ‘pidey | oy ppasjAleaN | sy | Auops nqnqry | seBpu pue sdoj [IIH
| | -wreo) {
‘umolq | “Ayons-uou ‘onsejd ‘umoiq ‘Suidojs .m_u_wu._u
ysippal YIB(] | § | -UOU I3QELY :1JOg | §SIppAI Fleq “pidey _o.._o‘é ApeaN L) | | nqnqry _ sa8pu pue sy puedn
o;wa_n _ | | _ !
| pue hxu:w Apysis | ‘wnipaw ‘dasis 01 _ safpu
youlg | ¢ | ‘aiqeu) iprey Apyans orlg | 01 mo|§  Suidojs Apuan L | Esn .82@ moy pue sureid puejdn
| -anseid duidojs
pue Ayons Apysis Apuad safpui
Noelg | 9 | f3[qeM)ipiey Apysis yorlg | MO[S | 01 [2A3] AlTBaN

Pe i %_u Wueyg | Mof pue sureid pueidn

s¥204 snoaufl (pauress suy SPRIN] ‘PIN0J0I-HIep) Jseq Woly LPAie |padojasap spog

0UMSISUD))
jam istow AIQg

Tmog I

(1s1our)
mojo) afeurraqg
—————  Jemwnuj

[oquiAg
| dew

FENES] LIRS uonisogd dydesforsiyd

VNG

o HHL 30 SOIISIHALOVEY HD wﬂmOMn— ANy “TVINILVA ._.Zm.zd.n— ZOPE@O.& JIHAYYDOISAHd — Al N..—Nd_..—.

———




o
~

\

(‘p1uo))—yauY OONVANOY 1SV IH

_ ¥ s R ; > |a { -
. Ly | "UMOI ‘ansud-uou ‘Ayons ‘umoiq ‘pidex 01 -Fuidogs wreo| & i
L %ﬁw__“w...uﬁa ﬁw: | ﬁ_uuh, fwo | € | -uou 9[qelly ‘38007 7 ysippas i | WPIN | 011342] APEIN 12y m_»eqaoam..uu sy pueidn
_ : . -suidofs |
-ansejd 4 ansejd K213 o - _ S
3 , A1 -gou ‘A¥ons-uou | 01 Kaad n > 2 =
w ﬂww hwﬂou__wag m&, _ youg | 9 T__%Eéa.. Anysis jaep A1A "MO|S i 01 [2A3] AFEIN __ PN | Apues [PYOAN ._ sureid
| _ “umMoIq . | ‘umolq A28 Fudos |
anse| | ! | uad “weoj
| - d A213 yIe | *onsejd-uou “A¥ons Jep AI2A 0} | Ap _ .. 2
| 67 | “Ayons ‘ung ‘prey | A1aA ouﬁma 9 __ -gou ‘ajqeuy ‘O | Ao NIEp AIA | mojs | o1 padfpEaN | TN Apues ayiesiy | sueld
| -ansepd | 5 m. acs
-ansejd- ‘Axans ‘UMOS | -uou ‘Ayd1s-uou “uMOIq ! fuidofs | | 28IR0D | = B "
g | -uou "u__%ﬁu w_s,wﬂ | ystppau fwn 9 | *aqeny £3oA t98007 | ysippal yed pidey _3_22%82 [ _Nﬁsanﬁu: pu pue sy pueid
_ (samjokip1 pure s)uTIE) $Y003 HPIE W03y PO SHOS | _ !
, | -agedsos |
uoBMh . _ |
b o gl e o< nent - B Sudojs 01 | “weo| “suej
ue Ayous 0] UMOJ -uou “Axyans Apysis umoIq | wnipaus i " L $n
T __u.aﬂ_%uﬁﬂn%ﬁ ystppai an_ o |‘aiquuy:piey APUSNS | USIPPAI WEQ | O1 MOIS Surdofs ApuaD _ 0 | AEpyox0 w pue sadojsi00) puUB|
i ‘Suidols
_ Kon by 7 g oo | - Apuad -weo] AB> safpul
“UMOI Apydns pue Ayons | “wnipaw >
_ ¥z bgeu__:ﬂ%ﬁ_ww: .EE:% x.ﬂn L .ﬂ__ﬂﬂﬁ_w wEE ipieH | “¥oeid _ 01 MO[S | O3 [oAd] ApreeN | PN _ oSuvuoy | pue sured pueidn
-daas |
| d *Ka18 -ansejd pue -wnipow | Apiesspowt “wreof A .
| 81 | oyons 3&& u_uu._h: yiep oy youid | § | Adons fuug CpiEH joelg | 01 MOIS | 01343 ApBN | PY _ Aepd oftyy sapts [I'H
“ . SEaJE SP[ESEq JOUJW M SPN woij P3| pado[adp SHOS
_ | 218 powt o aﬁ -meo| |
m, ; | -onseid pue £3ons “£218 yiep | winy _ . e R
| TT | Ayons wwﬁa_ wﬁz | o }ed _ L |+oqeuy sprey Angdns | A1a 01 jovig | O3 MOIS ._3_95_ ApeaN | PY fep POy | sureyd pueidn
| . ‘UMOT 1 -apsejd-uou ‘43208 _ ‘umorq | ; weop | 8
_ oy | Ayons .wmﬁn ﬂﬁ: ysifaid fwa | ¢ | -vou toiqeuy tyos sjrep A19p | WRIPAW _ 12A9] ABON | SUO | Apues SuajuQ | sureid puerdn
_" (‘pi110))—SEIIT PN} 0 YSE JIUBIOA JOUIW M sy904 ad43 oppeseq woxy ApRe] padojasap SIS |
ek | ) | Bk _
ol . uaSISUO | (stow) _ _
| 20U21SISU0D A {1s1ow) = 20us! 2] l 1 | s
WJM._ 1om fisiow (A1 mojed ”.m__ Jam ‘ystow &I mojod ﬂuﬁﬂmﬂ.ﬂm “ joewen :ﬂ_n_zm sorng nﬂo_. s :
] m T0880§ A 2g TI0§ FoVAuNS 7 _
w L |

=

STIOS FHL 40 SOLLSIMELOVEYHD F1H0¥8d any *

VIMALVJN INZUVJ ‘NOLLISOJ OIHAV¥OOISAH— Al FTEV.L




23

onseyd
PSETY .hxu:u AJaa
suLy A3oA tpieyg AIop

-ansed A1aa ‘Ayons

A1oa tuusy K394 1preH |

-snsepd
K12A .hxo:n K12A
suuy A124 fpaey A1oA

ansed
K1oA .mxuan K12A

funy £1oA fprey A1 |

-onseid A1a
‘Ayans KA fay
A3aa ! pley Appwanxyg

-onsepd
Azaa ‘Ayons Aloa

fuuy KA Sprey K2 |

-ansed

‘Ayons ‘uway fpieH

onsejd
‘Ayons Apusis
‘way Gprey Apyans

I VHEY OONVANG

| }4up 01 Yorig
_

A1aa 01 You[g

K218
s

‘umoiIq yiep
01 Umoiq i
zep £1ap

K218 jaeqq _ 9 | A1aa fuuy piey Azap

‘K218 yiep
01 UMOoIq
3aep AIoA

€

(suozpioy yse

6

-Aaa8 yeq | L

| ‘pajeSairea |

K218 yaep

|
‘uUMoIq _

| ystppar yieg | L
CpruoDy—(sapyoiya pue sayuRIS) $001 JIPPE woy padopaap sjlog

|

|

|

|
AUNIIYI
xoaddy

-onsed *Apons
Apudns Tway pieH
snsejd

-uou “‘A¥ons-uou
fa|qeu) AJaA  lyjjog

-onsejd ‘Ayons

u_GuE
‘Ayons fuuy preH

_

|
onseid Apydnys |
..Eu_._a &pysis

sa[qem) ! preg ANUBIS |

-snseqd Apydns
._.Fuaa Apysi

_ ajqeu) fprey Aysns

-anseyd 7

-uou _.Qu:m.aoz _
-uou ia[qeil) .com_
_

-ansed
.axu;m Apysdys |
“uﬁm_aﬁuﬁ__ﬁ._m_

20UNSISUOT)
1M fstowr A1

‘A218 wrep
L1aa 0} youig

“Hoeig

“¥ouid
'umoiq A8
Naep A1aa
01 umoIq

Haep 4124 |
gﬂ?%goggugu.“—u!g_gfg
f i 1

‘Noelg |

yourg |

“umoIq
Kard yaep
K1aA 01 K213

qrep A1oA i

‘umoiq
gsippa1 jieQg

Mmo[s | 01]2a2] ApEIN

|

| eas]  KpmaN _

"Wwreoj
aq) | Kep podqry |

my weo] efny

aup | Aep Bow

i

“weo|
P | Aep spuie

IPN ’ weo] eMIYPN

‘weo] Lepp

1°0 | Apues 230qQ |

_ ureof Apues

SN | Auoys nSuedN

‘JUBLIBA
[BIAD[[0D
‘ureof

* *208130) WEINS
- *20R119) WeINg

S|y Aafjea pewus
puR 928112 Weans ydiy

** 908113} weans Y3y

S0
ugj pue suej [BIAN|[Y

‘§398112)
ugj pue suej [AR[Y

sapisyiiy puerdn

suonsod

owy | Aep omBuey | aawouod ‘syry puedn

(3s10u1)
nojo)

TOS FOVAUNG

__n
109WAS | goog

| wonisog aydesBoisdyg

§ 1SYT 241 NI STIOS FHL 40 SOLISTYIIIVEVH)) FT1H0YJ ANY .EEE&E INT¥VJ ‘NOLLISOJ OIHVEDOISAH— A T18YL




24

| P e _ . |

|
_ ‘weo| fep

k18 yrep | - .wmmaa Apns | qywp | wmpsw | -Buneppun 7
| -anseld “Ayans 0] omoOlq | pyss :qeLL ! “wni ! _ by
| sz | Anusus u_,.:uxm?a: yiep AIBA | 9 _HE_S_U.::_ Apudis | Asea 01 Yomid | 01 MOIS | Apuan Bo | Apues 01R1Q0 | seBpis pue SIITH
1 3 1 |
_ 4 yse duEdos mol) padoasap spos |
“ _ _ _ |
| -ansejd “umoIq ansejd | s e A g fonten
K13a *Aons K1aa s1faud ‘Ayons  Apysis ‘umolq | y | 2o po !
_ 9¢ | fwy bou tpaey A12A _ “.x yoeig _ € | fwiy ‘prey h_E_m__m Farp AI3A ‘mojs | ‘A APEN {8y | ‘weo| ofesey | PUE 0PI WEINS ydiH
| _ _ |
-snsejd ‘umoIq-Aa1d 7 | !
Azan “Kyons K1aa Jep 01 -anseld ‘Ayans ‘umolq P weo| | 5
9] | ‘uuy b?x..m._u._u: K1ap _Eﬂ.ﬁv Kap | 8 _ Apysys fuuy CprEH Naep 127 | ‘Mol | ]3] AeaN _ 10 __ Aepo oFunjO 201113] WEINS
[ ; | _
-anseld | | | -ansejd .uu_n%u“ _ _ 5 _ ‘wnu
Kioa “Ayons A1 ‘umolq | -uou *Ayons-uou _ -£218 yIEp 7 Ay _ BO|
£l chbM_zuaa KA | yep K12A | ¢ | olqEMYiPIE] Apysys | £19a 01 YORIE Mmol§ | 01249 AIEIN | 1N ! omeweAN | PUE 20€1J9) WEas YTH
_ | | (piuo))—(suozioy Yse JMUEI[OA LPIM BAJJO wWniAnjje wotj padopaap) $23J1119) WEILIS JO SIS |
| | el m | _ _ |
= 2dua)sIsuO) gsiow) |z oumsisuoy | (siow) _ _ _
__Wm 7. jom fistow :AIQ 7 nojoD .M.MF Jom fistow tAiQ _ nojoD | ﬂﬂﬂﬂﬂ_ﬂ P _ _o%hram | sauag i wonisog diyduisorsiud
s -1 | |
_m g 108808 .“ w ¢ 110§ IoVAHNG . | _
jw * £ g e = e T = ea S .
*NOLLISOd SIHAVEOOISAHd— Al 18V L

3 .A.an.u”_l% OONVANOY 1SV FHL NI STI0§ qHL 40 SOLLSIMA1OVEVH) 110N

ANY “TVINELVA INTIV]




25

“OILS AND MISCELLANEOUS LAND TYPES OF EAST
KONYANGO
tkijo clay loam, 0 to 3 per cent slopes
Akijo clay loam is a dark-coloured shallow soil in the western part
of th ¢1 in the vicinity of Okok. The larger acreages of this soil have
-~ cent slopes and they will be discussed more fully in that mapping
» grown on this soil will benefit from a ridge and furrow drainage
<0 acres of this mapping unit was delineated.

Greenhouse test: Akijo clay loam.
(Acl-B) Akijo clay loam, 3 to 8 per cent slopes

The Akijo clay loam is a moderately shallow to shallow soil with a
thin loose layer of black-red iron oxide concretions over the tuff parent
material. The plough soil is a fairly hard clay loam, but it has a good
subangular blocky structure, Good seed beds can be prepared when the
moisture conditions are right. The soil can be sticky and plastic if worked
when too wet. The subsoil is a blocky clay which grades into a thin, loose,
red-black concretionary layer, about 2 in. to 6 in. thick, and then into a
grey, fairly friable, gravelly sandy loam weathering rock containing many
pieces of recognizable tuff and basalt. Occasional surface outcrops of basalt
are found.

The Akijo soils are similar to the Bhanji soils. They differ from the
Bhanji soils in having greyer subsoil horizons and looser and thinner red-
black concretionary layers. They are closely related to the Rodi soils, but
are shallower with greyer subsoils, have thin loose concretionary layers and
are formed more from volcanic tuff than from basaltic materials. The Akijo
soils also are related to the Kibugo soils.
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Akijo clay loam was mapped in fairly large bodies south of Okok. Th
mapping unit consists of 2,377 acres. The phosphate reserves are fairly goo
and pH’s are favourable, but available sulphur and nitrogen are low and
there is some indication of a need for boron. The soil is moderately wel'
suited for sugar cane. Most of the use of this soil is for grazing, but smal
patches of maize are raised. Contour planting and cultivation would help
to protect this soil from erosion. Its shallowness limits its fertility.

(Acl-C) Akijo clay loam, 8 to 13 per cent slopes

This mapping unit differs from Akijo clay loam (Acl-B) in that it i
found on steeper slopes. The effective depth of the soil profile average:
somewhat less, and more outcrops and surface stones are present. All of
this mapping unit is now used for pasture, but it could grow fair yields of

sugar cane if protected by contour plantings and mulches. 1.249 acres are
in this mapping unit.

(Acl-C2) Akijo clay loam, moderately eroded, 8 to 13 per cent slopes

This phase of Akijo clay loam has topsoil that has been moderately
eroded. About half of the depth of the original topsoil has been lost and
there are small areas of gully erosion cutting clear down to the underlying
parent material. This area is still being overgrazed and the eroded condition
is getting worse. Grazing should be stopped in order that the natural vegeta-
tion be given a chance to come back and help protect the soil. There
are 186 acres in this mapping unit. The phase is not suited for sugar cane.

(Acl-D) Akijo clay loam, 13 to 20 per cent slopes

This phase differs from Akijo clay loam (Acl-C), 8 to 13 per cent slopes,
in being found on steeper slopes ranging from 13 to 20 per cent. This soil
is used only for grazing, and care should be used to prevent over-
grazing. If overgrazed this unit would soon be eroded and gullied. Only

44 acres of this mapping unit were found. The phase is not suited for sugar
cane.

(A) Alluvial soils, undifferentiated

This land type occurs in narrow bodies along low flood plains of the
Riana and Kuja rivers which are subject to frequent overflow during the
spring rains. The profiles vary considerably from place to place. The friable
topsoil is nearly black, contains a fair amount of organic matter and has a
fine blocky structure. The substratum varies from thick lenses of dark brown
clay to strata of coarse sand. fine sand, sandy loam, gravel and shingled -
cobbled beds in the lower depths. Thick beds of volcanic ash are often found
along the cut banks of the river channels.

Both the Nyamauro and Kuja soils are found at slightly higher eleva-
tions along the stream terraces. Eroded salt licks (ES) and swampy land (PS)
are mapped in close association with this unit. The soils are mostly used
for pasture, but small patches of fairly good maize are grown during the
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¢hort rains on the higher spots. Nitrogen and phosphate would increase

i nd applications of manure would improve the maize. Sugar cane,

stly bzcause of the flooding hazard, is not recommended. 1,030 acres
is soil were mapped.

(825A) Bhanji clay loam, 0 to 3 per cent slopes

“hanji series was first described and mapped at Songhor [10].
Bhanjl ~lay 1oam is a moderately deep to shallow slightly acid soil developed
on smocthn nearly level to gently sloping, low ridges of basaltic (lava) rocks
i1 octh-western part of the survey area. It has a very dark grey to
aok frinble clay loam surface soil, 4 in. to 8 in. thick, which is under-
l2in by black, sticky, plastic clay, having coarse to medium angular blocky
structure. This clayey subsoil merges with a thin to moderately thick layer
ol concretionary ironstone or murram at a depth of 1 ft. to 2 ft. The
concretionary layer goes abruptly into basaltic bedrock which usually lies
at depths ranging from about 20 in. to 40 in. Occasional bedrock outcrops
occur throughout the area. The concretionary ironstone layers may be any-
thing from a few inches to several feet thick.

Bhanji clay loam closely resembles Akijo clay loam which also has a
horizon of concretionary ironstone or murram. But the Akijo clay loam
is greyer in colour, has less well-pronounced concretionary horizons and is
developed from tuff. Bhanji clay loam is more sticky and plastic than the
related Kibubu gravelly loam. It is on slightly higher ridges in association
with Akijo clay loam and Rodi clay loam.

This soil has a moderate amount of humus and is fairly fertile, but
its moisture-holding capacity is so limited by its shallowness that crops are
likely to suffer from drought during the dry season. Internal drainage is
slow and the soil is very wet during rainy periods. At these times the crops
suffer from too much water. Laboratory data on the related Akijo clay loam
and on Bhanji loam at Songhor [10] indicate the likelihood of nitrogen and
sulphur deficiencies.

This soil occurs in small isolated areas, mainly in the Rodi-Marinde
area. A total of 385 acres was mapped. Most of the land is used for pasture,
- but small patches are planted to sorghum, maize, millet and sweet potatoes.

(Bcl-B) Bhanji clay loam, 3 to 8 per cent slopes

This phase of Bhanji clay loam is essentially like the nearly level phase,
except that the average depth to the basaltic bedrock is somewhat less,
More frequent outcrops of basaltic rock are encountered. A total of 371
acres was mapped.

(Bst-AB) Bhanji stony loam, 0 to 8 per cent slopes

This soil resembles Bhanji clay loam in most respects, except the profiles
are much shallower and rock outcrops are much more common. Depth to
rock varies from zero to as much as 3 ft., but most of the soil is less than
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2 ft. Loose rocks and bedrock outcrops take up 20 to 30 per cent of the
area. This soil occurs in association with Bhanji clay loam, Kibubu grave'ly
sandy loam, Kibubu stony loam and Rodi clay loam. It occurs in scatter«d
areas throughout the north and western part of the survey area. One of the
largest areas is found three to four miles east of Mirogi on the smooth tabiz-
land of Tertiary volcanic rocks. 2,000 acres were mapped.

This land is used primarily for pasture, but small patches are planted
to maize, sorghum, beans, millet and sweet potatoes. It is too stony for
extensive cultivation and is not suitable for growing sugar cane.

(Bst-C) Bhanji stony loam, 8 to 13 per cent slopes

This strongly sloping phase of Bhanji stony loam occurs on steep slopes
where the relatively smooth uplands have been dissected by deep drainage-
ways. It resembles the more gently sloping phase in most respects, but due
to steepness of slope it is much more susceptible to erosion. Even ‘under
grass, care will be needed in order to prevent overgrazing and subsequent
soil loss.

(ES) Eroded salt licks and volcanic ash

This land type occurs in rather narrow bodies along stream channels
throughout the entire survey area. About 75 per cent of this unit consists of
eroded salt licks. These were probably started by livestock coming down to
the streams for water. In their eagnerness for mineral they started to lick or
eat the soil along the cut banks. The Rarage soil is often adjacent to stream
channels, and contains sodium in the subsoil. By licking and trampling holes,
particularly during the rainy seasons, livestock have created large puddled
bare spots that have since been eroded with large gullies. Stock owners tend
to aggravate this situation by driving their herds to these salt licks.

The volcanic ash beds comprise the remaining 25 per cent of this unit.
These beds of yellowish-brown ash are sometimes more than 2 ft. thick, and
are alluvial accumulations from the geologic past. Also included in this unit,
in occasional small areas, are bedrock outcroppings and boulders. This unit
covers 1,478 acres.

(Kbe-A) Kibigori clay loam, 0 to 3 per cent slopes

The Kibigori series was first described and mapped in the Songhor survey
near Muhoroni [10].

The Kibigori soils consist of very deep imperfectly drained Grumusols
(Black Cotton soils) developed from clayey water-deposited materials on nearly
level stream terraces. The topsoil of Kibigori clay loam is dark-coloured clay
loam that is sticky and rather hard to work, but contains a moderate amount
of organic matter. The structure of the subsoil is of moderately developed
prisms that upon handling separate into good-sized angular blocks. Many
fine roots are present as well as many yellowish-red mottles. The substratd
(C horizon) are dark grey to grey clays that have a lentil (lens-shaped more
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« =7 horizontally arranged) structure. Lime (calcium carbonate) concretions
' dant, Kibigori clay loam retains moisture rather well, and like the
clay loam it also receives additional moisture by run-off from higher
I may need surface drainage during wetter periods. Beds of volcanic
out along stream banks and no doubt form part of the parent

- Kibigori clay loam lies near the Rodi and Ongeng soils but occupies

ssitions. It is mapped in one large body of 2,064 acres along the

tream. Both the associated Rodi and Ongeng soils lack lime con-
.. are developed from basaltic rocks and .occupy the basaltic plains
“loes at higher elevations than Kibigori clay loam.

“le main present use of this soil is for grazing. Pennisetum catabasis is

vminating grass. Small clumps of thorn trees, Acacia sp., grow along the
sican channels. The overall fertility status of this soil is good, but applica-
tions of nitrogen and phosphate and probably boron would increase yields.
Where this soil is farmed. it produces fair yields of maize. Although there are
no cane yield records for this soil in East Konyango it should be as well
suifed for sugar cane as it is in the Songhor survey area,

(Kgl-AB) Kibubu gravelly sandy loam, 0 to 8 per cent slopes

The Kibubu gravelly sandy loam is a dark-coloured soil with strongly
developed laterite horizon, developed from dark, fine-grained basaltic rocks.
It occurs on broad expanses of nearly level to gently sloping uplands in the
north-western part of the survey area, and in small patches elsewhere in the
area. It is characterized by a dark reddish-brown gravelly sandy loam surface
soil, 6 to 8 in. thick, overlying a horizon which is largely a mass of iron-
oxide concretions. The concretionary layer grades into basaltic parent rock
at a depth of 14 to 3 ft. and there are occasional rock outcrops. Most of the
1.936 acres that was mapped occur on slopes of 3 to 6 per cent, but it is
found on all slopes from 0 to 8 per cent.

The Kibubu soils are more reddish in colour and are more sandy textured
throughout than the Bhanji soils with which they are associated. The Rangwe
soils have very similar characteristics to the Kibubu soils but are developed
from rhyolites. Much of the Kibubu soil is in pasture. Some of the more
important grasses are Aristida adoensis, Digitaria scalarum, Rhynchelytrum
repens, Harpachne schimperi, and Eragrostis sp.

The Kibubu gravelly sandy loam is easy to work because of its sandy
loam surface soil. Consequently, there are many small shambas on it. Some
of the more important crops grown are: maize, sorghum, millet, cassava,
groundnuts, sweet potatoes, simsim, cowpeas and beans. The soils have
adequate amounts of extractable phosphorus but Cunninghamella and green-
house pot tests have shown a large need for nitrogen and a variable but quite
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often considerable need for phosphorus and sulphur. It tends to be quii:
droughty because it is loose and shallow and unless the rainfall is plentifu’,
yields are poor. The soil is not recommended for sugar-cane.

Greenhouse test: Kibubu gravelly sandy loam.

(Kgl-C) Kibubu gravelly sandy loam, 8 to 13 per cent slopes

The relatively small patches (total : 464 acres) of this soil occur on the
complex slopes of low hills and ridges, and at the edges of the large basalt
plains. It is like Kibubu gravelly sandy loam, gently sloping (Kgl-AB), but
shallower. It also contains more rock and laterite outcrops. Steep and stony
Jands associated with areas of this soil are mapped as Kibubu stony loam,
stony land (Kibubu soil materials) and stony land (basaltic rocks).

Areas of this soil are cultivated in about the same intensity as those on
the lesser slopes. The steeper slopes of this soil makes it susceptible to erosion
in rainy seasons. Conservation measures, such as terracing and contour plant-
ing, should be applied when this land is under cultivation. Its water-holding
capacity is even less than that of Kibubu gravelly sandy loam, gently sloping;
and because of greater run-off it absorbs less water.

(Kst-AB) Kibubu stony loam, 0 to 8 per cent slopes

A total of 2,292 acres of this soil are mapped, and most of it occurs on
3 to 6 per cent slopes. It is on the low hills and ridges and at the outer edges';
of the basaltic plain in the north-western part of the survey area. It i
characterized by a dark reddish-brown loam surface soil which has many
large basaltic stones scattered about. This grades into hard laterite layers a
depths of 12 to 30 in. In many places patches of hard laterite are exposed a!
the surface.



31

I'his soil resembles Kibubu gravelly sandy loam in many respects, but
©ntsipe many more loose stones and rock and laterite outcrops. Because of
(=naess only very small patches of this soil are cultivated. The most

)01 Tops are simsim, cassava and sweet potatoes.

(i-4) Hibugo clay loam, 0 to 3 per cent slopes

. bugo clay loam is a moderately deep to deep imperfectly drained

yped in fine-textured residuum weathered from dark-coloured basaltic

minor areas of Kavirondian conglomerate. The surface soil is very

ish-brown to very dark brown clay loam with good friable con-

Seed beds are easily prepared. The subsoil horizons are dark grey to

lays with a well developed fine subangular-blocky structure. The deeper

501l is greyish-brown clay that contains many black manganese stains and

ctions. Many brown stains (mottles), show that the soil is poorly drained

auring some times of the year. Weathered bits of parent rock are found in the

ml layers lmmedlately above the parent rock. Depth to parent rock varies
from about 30 to 50 in. There are a few rock outcrops.

The Kibugo soils are found most commonly with the Rodi, Kibubu,
Ongeng and Bhanji soils. In some places Marinde clay loam occupies lower
siream terrace positions near the Kibugo loam.

Kibugo soils resemble the Rodi soils as to position and parent materials
but are somewhat poorer drained. The substratum is greyer and may have
thin layers of black-red iron-oxide concretions over the parent rock. The
Akijo clay loam resembles somewhat the Kibugo clay loam but is less grey
in colour (indicating better drainage) and is formed from volcanic tuff. The
1.030 acres of Kibugo clay loam, 0 to 3 per cent slopes, lies north of Magina
market and on the level plains east and south of the Obera school road run-
ning west from Magina market.

Surface drains on the flatter slopes remove the excess water during the
rains. The overall fertility status of this soil is medium to poor. Nitrogen is
low and phosphate is moderate only. Sugar-cane is moderately well suited,
but will need to be fertilized for good yields. Some maize is grown on this
soil but the main use is for pasture.

TIC

(Kil-B) Kibugo clay loam, 3 to 8 per cent slopes

This gently sloping phase of Kibugo clay loam differs in no important
respects from Kibugo clay loam, 0 to 3 per cent slopes (Kil-A), except for the
stronger slope gradients and a few more basaltic rock outcrops. Surface drain-
age is more rapid; hence more topsoil may be lost unless suitable conservation
practices are applied.

(Kcl-A) Konyango clay loam, 0 to 3 per cent slopes

The Konyango clay loam is a black, moderately well drained clayey
soil developed from volcanic tuff and basalt. This rather extensive soil, 2,402
acres, occurs in large continuous bodies on the nearly level to gently sloping
plain in the north-western part of the survey area.
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The surface soil is a black clay loam which is underlain by a dai
grey-brown heavily mottled, sticky and plastic, clay subsoil. The subso |
breaks easily to subangular blocks. This horizon ranges in thickness fror
8 to 20 in. It grades into a grey to greyish-brown clay substratum which
has brown and yellowish brown spots and streaks in the lower part. The
substratum goes abruptly into the hard, basalt or volcanic tuff at a deptir
of 21 to 33 ft.

The Konyango soils resemble somewhat the Ongeng and Rodi soils with
which they are associated. They differ from the Ongeng soils in that they are
much shallower and also lack the discontinuous grey bleached horizon often
found in the Ongeng soils. They differ from the Rodi soils not only that they
lack the thin, grey bleached horizon, but also in having lighter and stronger-
coloured lower horizons.

There is some surface drainage on most areas of this soil, but water
will pond in low areas during the rainy season. Internal drainage is adequate
during most of the year, but during the long rains the soil becomes saturated
and waterlogging becomes apparent in the more level areas. A ridge and
furrow-type surface drainage scheme should be of benefit.

Much of the Konyango clay loam is in pasture. Some of the more
important grasses are Pennisetum catabasis, Beckeropsis uniseta, Hyparrhenia
sp., and Bothriochloa insculpta. Some of the more important cultivated crops
grown on this soil are: maize, sorghum, cassava, sweet potatoes, and some
sugar-cane. Yields are fair, but the use of commercial fertilizers should increase '
the yields considerably as these soils are deficient in nitrogen, phosphorus and
sulphur. There is also some indication of a need for boron. A sugar-cane
plot on this soil was measured, cut, and weighed by the soil survey party,
and the yield obtained was 45 tons per acre. This cane had been cut at
12 months for seed and it was 22 months later when cut and weighed by the
survey party. This is a fair yield of sugar-cane considering that no commercial
fertilizers were used, but it must be remembered that in the past three or four
years rainfall has been very favourable.

(Kcl-B) Konyango clay loam, 3 to 8 per cent slopes

Degree of slope differentiates this soil from Konyango clay loam, O to
3 per cent slopes (Kcl-A). The 775 acres of this soil that are mapped are on
the more sloping areas of the plain where it has been dissected by shallow
drainages. ]

The profile characteristics of this soil are identical to Konyango clay
loam, 0 to 3 per cent slopes (Kcl-A). The same crops are also grown on this
soil and it is farmed to the same intensity as the lesser slope phase. This soil
will erode under cultivation unless adequate conservation measures, such as
contour farming and terracing, are carried out.
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) Kuja loam, 0 to 3 per cent slopes
1= Kuja loam is a deep, moderately well drained, fine textured soil that
. eed on low stream terraces along the Kuja and Ndhiwa rivers. This
. niined to that area covered by tall, dense bush and forest. The bush
"/ of Carissa sp., with some Setaria chevalieri. Many thick, hard layers
' ash are present in the subsoil and have contributed to the chemical

cal properties of the Kuja soils.

“uja loam has a fairly thin black loam topsoil but contains large

of organic matter that make it soft, friable, and easy to work. The
s clayey texture and well developed prismatic structure. A thin
_oting is present over the tops of the prisms, in places } to 1 in. thick.
“.y coating is characteristic of leached soils. Underneath the prisms the

« urades into dark brown to brown, moderately developed, angular
blocky structure with plentiful fine roots.

The Kuja loam is found in close association with the Olungo clay
loam which is developed from the same parent material. The Olungo soil
occupies the open grassy park areas adjacent to and within the dense bush
vegetation of the Kuja soils, and has slightly thicker, more pronounced,
leached layers.

The Kuja loam is a poor agriculture soil. It is extremely acid in reaction
and would need almost prohibitive amounts of lime before any economic
returns would be realized. Land clearing operations would also be expensive.
The topsoil does contain much organic matter and is easy to work, and this
could support a few hand-cleared small shambas along the edge of the thick
bush. Nitrogen-phosphate would greatly benefit maize and other crops on
these small shambas. Sugar-cane is not recommended on this soil.

The 2,645 acres of the Kuja loam mapped in the survey area are all
nearly covered by the dense “bush” that is the habitat of most of the wild life
in the area. It is a refuge for several hundred baboons and monkeys that
venture forth on raiding expeditions in nearby African maize shambas.

(LI-A) Langi loam, 0 to 3 per cent slopes

The Langi loam is a dark coloured, deep clayey, soil developed from
basalt. A total of 1,279 acres has been mapped and most of it occurs in
rather large blocks on the nearly level to gently sloping plain in the northern
part of the survey area. It has a thin, very dark grey loam surface horizon
which is underlain by a highly leached dark grey to light grey loam which
becomes very much lighter in colour on drying. This layer breaks sharply
into a dark grey, heavy clay subsoil. The clay horizon has a pronounced
columnar structure, and the tops of the columns are rounded and are coated
light grey when dry. The columns grade into light yellowish-brown to olive
brown subangular blocky clay at a depth of 36 to 46 in. Below this depth
grey and yellowish-brown stains are evident which indicates poor internal
drainage. The soil grades into the underlying hard basalt parent rock at a
depth of 50 to 60 inches.
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The Langi loam is associated with the Rodi and Ongeng soils which e
developed from the same parent material. They occupy smaller areas of the
smoother parts of the same plain. Langi loam differs from both these sc'is
in that it has the well developed, leached (grey or ashy appearing) layer
over hard vertical prisms with rounded tops. The Langi loam has profle
characteristics similar to the Misathe soils which are developed from granilic
parent material, the Ndhiwa loam which is developed from rhyolite, and the
Nyamauro loam which is developed from alluyium from acidic and baric
rocks with ash layers.

The granular structure and loam texture of the surface horizon makes
the Langi loam easy to work. Internal drainage is poor because of the dense,
heavy textured subsoil. During periods of heavy rain the very slow movement
of water through the subsoil causes the upper layers to become saturated and
water ponds on the surface in the more level areas. Surface drainage would
help relieve this situation.

The Langi loam can be used for the production of most of the local
crops, like sugar-cane, maize, sorghum, sweet potatoes, cassava and pasture.
The organic matter is moderately high in these soils but the phosphorus and
nitrogen status is low. Sulphur status generally is adequate, but there is some
indication of a need for boron. With adequate fertilization fair yields of
sugar-cane can be expected.

(LI-B) Langi loam, 3 to 8 per cent slopes

Degree of slope differentiates this soil from Langi loam, nearly level.
The soil occurs on the more sloping areas where the plain has been dissected
by shallow drainages. A total of 508 acres was mapped. The soil profile does
not differ appreciably from that of Langi loam, nearly level, but it is perhaps
somewhat shallower to bedrock.

(MIs-AB) Magina loamy coarse sand, 0 to 8 per cent slopes

The Magina loamy coarse sand is a shallow to moderately deep, well
drained, dark reddish-brown soil formed from granite. The topsoil has a
fine granular structure that is easily cultivated. Hard layers of laterite are
found anywhere from the surface to 2 ft. below the surface. Roots and water
penetrate easily to the underlying layers or horizons. Because of the shallow
depth, crops may often suffer from lack of moisture during the drier seasons.
The surface of the soil often has outcrops of granite as well as many rounded
pieces of laterite or ironstone scattered about.

Magina loamy coarse sand resembles the Rangwe and Kibubu soils as
to physical and chemical properties, but differs in the type of parent rock.
Rangwe is formed from rhyolite, Kibubu from basalts and Magina from

nite. The Magina soil is extensive around the Magina market locality on
gently undulating ridges and hills.



35

the gently sloping lands the Magina soil should be protected by
- plantings and tillage operations. It will erode quite easily and will
5 except on the nearly land level (0 to 3 per cent slopes) and should
ted by appropriate conservation measures. The soil is farmed inten-
1 is used to produce finger millet, groundnuts, simsim, sweet potatoes,
nd some maize (though this does poorly). The local farmers con-
cina loamy coarse sand a very good soil for groundnuts. It is not
ded for sugar. The soil is droughty on account of its shallowness
ness. It is low in fertility; chemical and biological tests show needs
en, phosphate and possibly sulphur. Total reserves of calcium and
re also low. 855 acres were mapped in this unit and this includes
of nearly level land.

Magina loamy coarse sand, 3 to 13 per cent slopes

15 phase of Magina loamy coarse sand resembles the phase just
descrived, except that the slope gradients are steeper. It occurs on moderately
sloping upland hills and ridges. Many large granite boulders are present on
the ridze tops. The surface soil has an occasional granite stone on it as well
as small round stones of laterite or ironstone. Soil conservation measures are
particularly important on these steeper sloping situations.

This mapping unit is found in large bodies on the hills and ridges east
of Nyambija market and totals 1,980 acres.

(Mcl-A) Marinde clay loam, 0 to 3 per cent slopes

The Marinde clay loam is a very deep, somewhat poorly drained soil,
formed from water-deposited clayey materials of stream terraces. The clay
loam topsoil is very dark brown to very dark greyish-brown in colour, and
is friable to firm when moist. When dry the topsoil could be hard to work
up to a good seed bed. The structure of the clay subsoil usually is of strongly
developed columns with thin grey ashy coatings of loam over the tops and
down the cracks. Salts, mainly of sodium, are concentrated in this horizon,
and tend to make the clay more sticky when wet and harder when dry. Roots
can penetrate this part of the soil profile only when the soil is moist during
the rainy seasons. The substratum, or the deeper part of the soil profile,
consists of greyish-brown clay with well developed blocky structure. Mottles
or stains of strong brown and yellowish-brown colours are present along with
10 to 15 per cent of the soil mass consisting of hard round black manganese
iron concretions or “shot”. Lime concretions are found usually at about 6 ft.

Marinde clay loam, like the Nyamauro soils, is found on flat stream
terraces, but is not so strongly leached. Rodi, Misathe and Ongeng soils lie
above the Marinde soils on higher ridges and gently sloping hills.

Marinde clay loam is in large bodies along upper tributaries of the
Riana River, both to the east and west of Marinde. The main use of this
soil is grazing, and Pennisetum catabasis is the dominant grass. Cane should
do moderately well on this soil as it has the advantage of receiving extra
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moisture in the form of run-off from the surrounding higher land during the
drier years. Surface drainage would need to be considered for wet years. The
overall fertility status is rather low and for best yields of sugar-canc and
other crops moderate applications of nitrogen, phosphorus and potash wi I 3
be needed. Also there is some indication of a need for boron. 4,343 acres of %
this soil was mapped.

(Mrc-A) Mirogi clay, 0 to 3 per cent slopes

The Mirogi clay is a very deep, imperfectly drained, clay soil developed
in deep fine-textured sediments which have accumulated as small valley hills
along the small tributaries of the major streams in the northern and western
parts of the survey area. The parent material is derived from a mixture of
basalt, tuff and ash, which occur in the catchment area.

Greenhouse test: Mirogi clay.

The surface soil is a black, fine blocky clay. This is underlaid by a dark
grey to dark greyish-brown blocky clay which is sticky, plastic and contains
many dark brown streaks and stains. At depth it grades into strongly mottled
light brownish-grey, dark grey, yellowish-brown and black clay. Black man-
ganese concretions and hard lime concretions occur at 6 to 7 ft. depths.
Below 7 ft. the clay grades into strongly mottled clay loam. Volcanic ash
fragments are often found between 7 and 10 ft.

The Mirogi clay occurs in positions similar to the Kibigori clay loam.
It has much more strongly mottled subsoil horizons. It is associated with
the Rodi, Ongeng and Bhanji soils which occupy the higher slopes.
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j <0l received considerable run-off water from higher levels. In some
arcas o surface drainage is adequate to remove excess water, but water
docs pond in many of the lower places during the rainy season. The move-
iment o1 ~'r and water through this soil is slow, due to the sticky, plastic, clay

subcoi. Turing the rainy season the soil becomes temporarily waterlogged
and re s moist for a good part of the time.

The =sor drainage condition is borne out by the presence of Cyperus sp.
(papyrus' «nd large clumps of Imperata cylindrica grass. Some of the other
importa-.. orasses and herbs that occur on this soil are Pennisetum catabasis,
Brachiz o sp., Bothriochloa insculpta, Eragrostis sp., Digitaria sp., Alysi-
carpue . and Vigna sp. Most of the Mirogi clay is used for pasture, but
small arcas are planted to maize and sorghum. Yields are fair to poor owing
to the noor internal drainage. Sugar-cane yields of 30 to 40 tons per acre
on 2'-ronth-old cane—first cutting—can be expected, providing adequate
drainape measures and fertilization are provided. Applications of commercial
fertilizers to provide for the nitrogen, phosphorus, sulphur and possibly boron

Qeﬁcics:\ ics in this soil will be needed. 767 acres of this soil was mapped; this
includes less than 40 acres which are on slopes greater than 3 per cent.

(Mil-A) Misathe sandy loam, O to 3 per cent slopes

~ The Misathe sandy loam is a deep. imperfectly drained, strongly leached
soil with thick, bleached, light grey loamy layers in the upper part of the
soil profile. The nearly level slopes are underlain by the parent granite.

The topsoil is very dark grey to very dark greyish-brown (when moist)
sandy loam containing a fair amount of organic matter. It has a good fine
granular structure and is easy to plough and cultivate. Roots and water
penetrate easily through the first two layers of the profile, but not so easily
through the underlying subsoil. The subsoil is of acid, black to very dark
grey clay with weak to moderate prismatic structure, that breaks upon
handling, to strong medium-sized angular blocks. Many strong brown and
red mottles give evidence of the periodic wetness of this part of the soil
profile. The soil then grades into dark greyish-brown sandy clay with fine
yellowish brown mottles. Many bits of weathered parent rock and black
manganese stains and concretions are mixed in with the clays. The strongly
weathered granite is found usually at 4 to 5 ft.

The Misathe sandy loam is associated mainly with Nyangu stony sandy
loam. The Nyangu soil has the same kind of parent rock but is sandier: it
is found on long gentle slopes above streams, is covered by large granite
boulders and has a much better developed concretionary horizon. The
Nyangu stony sandy loam—Magina loam complex—is often found adjacent
to the Misathe soils. This mapping unit is a complex mixture of the two soil
types that did not warrant separating.

Very little of this soil is farmed. The Africans say it is waterlogged

during the spring rains and they use it for pasture land. Pennisetum catabasis
is the dominant grass, with subordinate Brachiaria soluta and Adropogon sp.
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The loamy friable deep soil of the upper part of the profile should be g d
for groundnuts, sweet potatoes and other shallow rooted subsistence Croos.
The fertility level of this soil is low. Nitrogen, phosphate, potash and possibly
boron and copper will be needed for satisfactory yields, particularly if sugar
cane is grown on this soil. On these flat slopes, surface drains would help
to remove excess rainfall. 2,660 acres of this soil was mapped.

(Mil-B) Misathe sandy loam, 3 to 8 per cent slopes

There are no important differences between this phase of Misathe san 1y
loam and that on the nearly level land. The A horizons tend to be somewhat
thinner in places owing to minor erosion. A few granite stones and outcrops
are present. On this more sloping land, waterlogging is not so Severe. Thet
loamy topsoil will tend to erode rather badly if this soil is ever ploughed out
to grass. Appropriate conservation practices should be applied. This is also
a rather large unit of 2,215 acres.

(NdI-B) Ndhiwa loam, 3 to 8 per cent slopes

The Ndhiwa loam is a deep, imperfectly drained soil that has developec
in fine textured alluvium derived from rhyolite. It occurs on gently sloping
fans in the south-western part of the survey area. A total of 490 acres of this
soil was mapped.

The surface soil is a black friable loam. This is underlain by a highly
leached, light grey loam horizon which becomes dark grey on wetting. This
leached horizon ranges from 6 to 12 in. in thickness and it breaks abruptly
into a very dark grey, sticky, plastic clay subsoil. This clayey horizon has
columnar structure, and the tops of the columns are rounded and are coated
light grey. At 30 to 40 in. the columns grade into blocky clay which is
dark greyish-brown in colour and contains many dark brown streaks and
stains and some concretions. These stains become more pronounced and the
concretions more abundant with depth.

The Ndhiwa loam occurs in close association with the Rangwe soils and
occupies the alluvial fans below them. It resembles the Nyamauro loam which
occurs on stream terraces and which is developed from mixed alluvium from
both acidic and basic rocks in having a thick leached horizon below the
humic surface soil. It resembles also the Misathe sandy loam which is derived
from granite.

Another soil which is closely related to both the Ndhiwa loam and the
Rangwe soils occupies approximately 10 to 15 per cent of the area mappec
within the Ndhiwa loam, 3 to 8 per cent slopes. This soil characteristicall
occurs at the contact margin between the Rangwe and Ndhiwa soils, whe
there is a maximum amount of seepage. This soil, shown as part of the
Ndhiwa loam, is characterized by a dark brown sandy loam surface horizon
which grades into light grey to nearly white gravelly sandy loam at about
20 in. depth. The gravels are concretions of iron-oxide. In places this grades
into a thick “murram” layer, and in others it goes directly into highly
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' rhyolite at depths of 30 to 40 in. This soil is used by the local
pe - making bricks. Because of the scale of the base map and the
Jirni -~ eiail of the survey, areas of this soil were not separated on the map
but ‘ncluded within the Ndhiwa loam. A similar soil over granite was
foune - iow Magina loamy coarse sand but its occurrences were too limited
te "¢ Ndhiwa loam is subject to seepage from the higher lying lands.

- and leached condition results in low fertility with poor yields of

most --~-s. However, with the use of adequate commercial fertilizers a fair
produ should be possible. The highly leached soil that is included within
the ar=c. of Ndhiwa loam is not suitable for cultivation. It remains wet for
much 1onger periods, and has been depleted of most of its plant nutrients.
490 2c:cs of Ndhiwa loam were mapped.

(Nyl-4) Nyamauro loam, O to 3 per cent slopes

The Nyamauro loam is a deep, somewhat poorly drained soil developed
from f{inetextured alluvium interlayered with volcanic ash. It occurs in large
bodies on the terraces of the Kuja and Riana rivers. It has a black or dark
grey loam surface soil, 4 to 5 in. thick, which is underlain by a fairly thick
highly icached grey to dark grey brown loam. This horizon breaks abruptly
into a very dark brown clay B horizon. This clay horizon has strong columnar
structure and the tops of the columns are rounded and coated with grey loam
from above. The columns grade into dark greyish brown subangular blocky
clay at depths of 25 to 30 in. Below this the clay becomes increasingly
mottled, indicating poor internal drainage. Thin layers of volcanic ash become
common at depths of 60 to 90 in.

The Nyamauro loam occupies slightly higher elevations than the Kuja
and Olungo loams with which it is associated. The morphology is similar to
that of the Langi loam, developed from basaltic lava rocks. The Misathe
sandy loam, developed from granite and the Ndhiwa loam, developed from
rhyolite.

The native vegetation is mainly open savannah, with Hyparrhenia sp.,
Sporobolus pyramidalis and Digitaria scalarum dominating. Small clumps of
Acacia sp., Euphorbia sp. and Carissa edulis are found growing on large
termite mounds that dot the landscape.

Grazing is the main use of this soil. Some maize is grown but growth
and yields are poor. African women often dig clay from the subsoil to smear
on the walls of their wattle houses, as well as to make pots and jars. They
also mix the grey loamy upper layers with water and use it as whitewash for
the walls of the houses.

The Nyamauro loam is low in fertility. The Africans could grow fair
yields of shallow-rooted crops in the upper layers if they would use lots of
manure, This soil is low in nitrogen phosphate and potash (in the upper
horizons) and probably is deficient also in copper, zinc and boron. Good
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yields, particularly if sugar-cane is to be grown, will depend on fairly heavy
applications of commercial fertilizer. Surface drainage would help relieve the
wetness during the long rains. This is a large mapping unit consisting of

8,290 acres.

(Nyl-B) Nyamauro loam, 3 to 8 per cent slopes

This mapping unit differs mainly from Nyamauro loam (Nyl-A) in that
it is found on gently sloping land. There are no important chemical of
physical differences in the soil profile.

The topsoil is thinner in many places. In small areas that have bcen
overgrazed it has been moderately eroded. Termite mounds are neither sO
large nor O NUMETOUs in this unit as on the very gently sloping phase of!
Nyamauro loam. This phase of Nyamauro soil has the same agriculture
potential as does the other, but conservation practices, such as contour tillages
and cultivation, should be applied. The topsoil will erode easily if not pro=
tected. Surface drainage, due to the slope of the land, is somewhat better.

The area totals 2,490 acres.

(Nst-AB) Nyangu stony sandy loam, 0 to 8 per cent slopes

The Nyangu stony sandy loam is a moderately deep, imperfectly drainedy
strongly leached soil that has a thick bleached ashy grey layer in the uppe
part of the profile. It is found on long gentle slopes, mostly above the Nyang
stream, and is weathered from granite. The surface of the mapping unit is
covered by many large granite stones and outcrops. The topsoil is very dar S
grey to very dark greyish-brown soft friable sandy loam. This overlies a thick
dark greyish-brown to dark grey soft friable sandy loam horizon prominently
mottled at depth which breaks sharply at about 30 in. to a variegated black
and very dark grey mottled sandy clay. The sandy horizon becomes ashy if
appearance when dry. Over the weathered parent rocks a fairly thin, somes
what soft, layer of red-black iron-oxide or laterite is sometimes present. This
laterite layer is not consistent in all places but is more often found about &
third of the way down the slopes. The large stones prevent any major attempts
at cultivation. This soil is used only for pasture. Pennisetum catabasis anc
Hyparrhenia sp. are the dominant grass species.

The Nyangu stony sandy loam is associated with the Misathe loam. The
two soils are closely related in that both are strongly leached and formed
from the same parent rock: but the Nyangu soil has a more sandy profile;
is stony and has the discontinuous laterite layer over the parent rock. It i
also associated with Magina loamy coarse sand in which the laterite develops
ment is even more pronounced. 1,280 acres of this soil were mapped.

This complex includes areas of both the Nyangu and Magina soils t al
are so intermixed that separations of each were impracticable on the scal
of mapping used. About 60 per cent of the area is Nyangu stony sandy loa '_
and the remaining 40 per cent is of the Magina soils.
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“ice textures are mainly stony sandy loams, but small areas of loamy
SATI occur in the eroded areas. Many of the granite stones are over 3 ft.
in < n-er. In the areas consisting largely of the Magina soils, they are very
sha''c ~ vith many laterite horizons exposed. Occasional small gullies have
been cut on the steeper slopes.

' best use of this unit is for pasture, which is its main present use.
A ver, v small patches of poor maize are raised on this soil. This complex

occur- -+ moderate sized bodies on upland hill sides that flank the lower
Olun nd Riana streams. A total of 695 acres was mapped.
(Ncl-. vokal sandy loam, 0 to 3 per cent slopes

- kal sandy loam is an imperfectly drained, very strongly leached soil,
develo o from rhyolite on nearly level plains. The topsoil is very dark grey
to zr-- sandy loam containing moderate amounts of organic matter. The
crum’ <iructure and humus make it fairly easy to work into a good seed
bed.

Underneath the topsoil there is a thicker very dark grey to dark grey
(grey when dry) sandy loam layer. The subsoil horizons are black clays with
strong developed columnar structure that breaks with handling into strong
coarse angular blocks. Fine roots are plentiful and some of them grow
through the columns. Many fine prominent yellowish-red mottles indicate
imperfect drainage. The clay of this layer is very hard when dry, and very
sticky and plastic when wet. Black manganese shot and fine weathered bits
of rhyolite are distributed throughout the soil mass. The lower part of the
subsoil is transitional to the substratum and consists of mixed coloured clays,
black, yellowish-red and greyish-brown. The soils are lighter textured and
more friable than that in the columns, and have a more favourable medium-
sized subangular blocky structure. The substratum is made up of greyish-
brown and light olive-brown loamy sands containing much mica. Yellowish-
red mottles are also present. The structure grades to fine granular. Roots
can grow fairly continuously in these deep horizons as the soil is not so sticky
when wet nor so hard when dry as in the subsoil.

The Nyokal sandy loam is associated with the Rangwe and Nyamauro
soils. The Rangwe soils are shallow, dark reddish-brown loamy soils, and
have a hard laterite layer over the parent rock and are found on higher
gently sloping hills. The Nyamauro soils are very deep strongly leached
soils found at lower elevations along the terraces of the Kuja and Riana
rivers. The Misathe loam is closely related to the Nyokal sandy loam. Both
occupy similar positions and both have thick light textured grey upper layers
and similar clayey subsoils; but they differ in the type of parent rock. The
Nyokal sandy loam is found in rather large bodies, totalling 880 acres, north
and south of the old District Commissioner’s road between Magina market
and Nyango school. Pasture is the main use of this soil. The few maize plots
look fair to poor. One or two small patches of cane were growing but they
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are over-ripe and no reliable yield figures were obtained. The Nyokal sancy
loam has been so strongly leached that most of the plant nutrients have be n
removed from the root zone. Nitrogen, phosphate, potash and sulphr
will all be needed for satisfactory yields. Manure would help increase yiel s
of maize and shallow rooted crops such as cassava, sweet potatoes al d
groundnuts.

(Ncl-B) Nyokal sandy loam, 3 to 8 per cent slopes

This phase differs from Nyokal sandy loam (Ncl-A), 0 to 3 per ceit
slopes, only in that it is found on somewhat steeper slopes. The surface soil
is somewhat thinner and bedrock is often found at shallower depths—about
5 ft. A total of 900 acres was mapped in this unit.

(Orl-B) Obiero sandy clay loam, 3 to 8 per cent slopes

The Obiero sandy clay loam is a very deep, imperfectly drained soil
developed from volcanic ash. It occurs on gently sloping hills and ridges.
The volcanic ash is probably of Pliocene age.

The topsoil is a black to very dark brown sandy clay loam that contains
only a moderate amount of organic matter. The topsoil, if not worked at the
correct moisture stage, will be difficult to convert to a good seed bed. The
subsoil is a very dark brown to dark grey sandy clay loam, with structure
of medium to coarse prisms that break rather easily, to strongly medium-
sized angular blocks. Abundant fine and medium roots are present, some
growing through the prisms. The lower part of the subsoil has many promii=
nent red mottles indicating the periodic wetness of this layer. The deeper
subsoil is a grey sandy clay with fairly well developed fine to medium blocky
structure. The colour changes with increasing depth, becoming a mixture of
grey, red, black and yellowish-brown with many black manganese stains and
concretions. The last layer of the soil is slightly weathered hard yellowish-
brown volcanic ash. Most of the profile is influenced by ash and the large
percentage of shrinking and swelling clays in this soil is due to weathering
of this material.

The Obiero soils are found mostly near the Kibugo soils. The Kibugo
soils are dark grey and contain much “shot” or small round concretions in
the subsoil and have greyish-brown mottled substrata. While many of the
other soils found in the survey area contain traces of ash, there is no other
soil that gives as much evidence as does the Obiero soil of being developed
strictly from volcanic ash.

The fertility of this soil is only fair. It is low in nitrogen and phosphate.
The soils are used for pasture, but are moderately well suited for most of
the crops grown locally. Heavy applications of manure would increase maize
yields. This soil is strongly acid, and trials with 1-1} tons of lime per acre
to correct the acidity are needed. Nitrogen and phosphate are needed for
satisfactory yields of cane.

Only 180 acres of Obiero sandy clay loam was mapped in small bodies
between Magina market and Marinde.
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(Ocl %) Oboke sandy clay loam, 3 to 8 per cent slopes

~ . Oboke sandy clay loam is a moderately deep to very deep
impoiooty drained soil developed from rhyolite. It is found on gently

slon o 1 tuvial fans. The sandy clay loam topsoil contains moderate amounts
of oreooc matter and is black to very dark greyish-brown. The topsoil has
a well Joveloped medium-sized granular to rounded blocky structure. It can
be some.hat sticky when wet, or hard when dry, and should be ploughed or
worke: wwhen moisture conditions are just right. The dark grey to very dark
brown ‘uyey subsoil has a well developed prismatic structure that breaks
into o um-sized angular blocks. Below this, the profile grades into greyish
clavs tnat are strongly mottled with yellowish-brown, strong brown, and to a
lesser enfent dark red. In some places lime concretions as well as thin layers
or sl pockets of volcanic ash are present in this horizon. Black manganese
stains and concretions in round “shot” form are nearly always found. Variable
amounts of rounded quartz may be found throughout the profile.

Oboke sandy clay loam is associated with the Rangwe soil. The Rangwe
soil, with its shallow dark reddish-brown soil and hard laterite horizon,
occupies the upland position and the Oboke soil the adjacent alluvial fan
position. The Oboke clay loam is in small patches near Rangwe village, in
the Ofwanga school area, and three-quarters of a mile west of the junction
of the Kibugo and Kuja rivers. Altogether they total 514 acres.

The soil is used mainly for grazing. A few small patches of subsistence
crops are grown. The overall soil fertility, with the exception of the thin
topsoil, is low. Applications of nitrogen, phosphate and sulphur are needed
to increase yields. Sugar-cane, if fertilized, would do rather well on this soil.
Contour plantings, cultivation and other conservation measures would help
control erosion.

(Ok-B) Okok clay loam, 3 to 8 per cent slopes

Okok clay loam occurs in scattered small areas in the west part of the
survey area. It is an imperfectly to moderately well drained, moderately deep
to deep dark reddish-brown soil developed from volcanic tuff, breccia and
basalt. It has a dark reddish-brown granular clay loam surface soil, and a thin
dark reddish-brown blocky clay subsoil. The subsoil grades into a dark
brown to very dark grey gravelly clay loam substratum at 12 to 20 in. deep.
The substratum contains many red-black concretions up to } in. in size and

~ many fine fragments of weathered basalt parent material. It also has many
yellowish-brown, brown and black streaks and stains. Rock outcrops and
. loose basaltic stones are not uncommon.

The Okok clay loam occurs on gently sloping footslopes below usually,
1 the stony-land (basaltic rocks) land types. .
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Although the surface drainage is good, this soil is periodically quite wet.
Because of its position in the landscape it is subject to seepage from the higher
lying land. This seeped condition, coupled with numerous rock outcrops and
large basalt stones, make this soil unsuitable for sugar-cane production.

Most of the Okok soil is used for pasture, but small areas are planted 10
maize, sorghum and simsim. It is deficient in nitrogen, phosphorus and
sulphur, and commercial fertilizers are needed to increase yields. Only 204
acres of this phase of Okok clay loam were mapped.

(Ok-C) Okok clay loam, 8 to 13 per cent slopes

This is the strongly sloping phase of Okok clay loam. This phase O
318 acres, occurs on footslopes below the stony-land (basaltic rocks) lan@
type in the northern and north-western part of the survey arca.

The soil is similar to the moderately sloping phase, but it contains many
more rock outcrops and loose stones which prohibit cultivation on any large
scale. The cultivation that exists is limited to small patches of maize ané
sorghum. There are a few small areas relatively free of stones and rock out
crops, but this soil erodes easily and adequate conservation measures, su@
as terracing and contour tillage will need to be applied for it to be successfull

farmed.

(Ol-A) Olungo clay loam, 0 to 3 per cent slopes

The Olungo clay loam is a deep, imperfectly drained, soil developed frof
fine-textured alluvium on low stream terraces. The clay loam topsoil is ver
dark brown (moist) in colour and contains a fair amount of organic mattel
The structure is of strong fine to medium-sized subangular blocks and th
soil should work into quite good seed beds if not ploughed too wet or tol
dry. The subsoil is very dark grey clay arranged into a Strong coarse prismatl
structure containing a good deal of sodium. A thin discontinuous layer, 1§
2 in. thick of grey sandy loam caps the tops of the prisms and extends dow
the cracks between them. The high clay content, combined with the sodiuf
makes this layer very hard when dry, very firm moist and very sticky af
plastic wet. In the Jower part of the subsoil the structure changes to mediuf

sized angular blocks. Roots can penetrate this layer best during the rai
when the whole profile is moist most of the time.

The substratum is made up of yellowish-brown, greyish brown and brow
clay banded with layers of hard light yellowish-brown ash. Many bla
manganese stains and concretions are present. The structure is mainly
well developed fine to medium-sized angular blocks. Roots can grow som
what more easily in this level than above. :
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+hie Olungo clay loam lies adjacent to the Kuja loam and the two soils
are <losely related. They are formed from the same parent material and

occupy the same positions. They differ in that the Kuja loam has more humus
in the topsoil, has less well developed grey caps in the subsoil prisms and is
found only in the dense bush areas. Olungo clay loam is found in the grassy
pasturos near to the thicker bush. Olungo clay loam is mapped along the Kuja
and Mdhiwa rivers. It is used only for grazing. The main species of grasses
are Iy parrhenia sp., Pennisetum catabasis and Themeda triandra. This is a
low feotility soil; nitrogen potash, phosphate and possibly copper will all be
needed for satisfactory results. The soil profile is strongly acid and lime may
be needed if sugar-cane is to be grown. 1,295 acres of this unit were mapped.
(Onc-A) Ongeng clay loam, 0 to 3 per cent slopes

The Ongeng clay loam is a moderately well drained soil developed mainly
from basalt on nearly level to gently sloping plains. The parent material also
includes smaller areas of volcanic tuff and ash interspersed with the basalt.

The topsoil is very dark greyish-brown to very dark brown clay loam
containing a good supply of organic matter. The top soil is crumbly and works
up into a good seed bed. The subsoil is composed of sandy clay loam in the
upper part and clay in the lower part that breaks into medium-sized angular
blocks. In many places a very thin, grey, strongly leached layer of loam or
sandy loam caps the tops of the prisms. Many fine and medium roots are found
in this layer. The substratum is dark greyish-brown clay with a few fine strong
brown mottles. The structure of the substratum is of strongly developed fine
angular blocks containing black manganese concretions, particularly just
above the parent rock. The depth to the basalt varies from about 4 to 6 ft.
Tuff or volcanic ash may be found instead of the basalt.

The Ongeng soils are associated with the Rodi soils and they are closely
related. They have much the same range of parent material and are found
in the same physiographic positions. The main difference between the Rodi
and Ongeng series is the depth to basalt. In the Rodi soils basalt is usually
found at about 36 to 40 in. while in the Ongeng soils it is usually found at
about 5 ft.

The Ongeng soils are among the better soils in the East Konyango area.
Fair to good yields should be obtained from most crops. Chemical and
biological tests, however, show that potash, nitrogen, phosphate and possibly
sulphur and boron are low. Sugar-cane should do well on Ongeng soils, but
for best yields fertilizer application to adjust the deficiencies may be needed.
Most of Ongeng clay loam is found south of Mirogi in large bodies. 1,852
acres are mapped. This unit is rather wet during the rainy season, and could
benefit from surface drainage.
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(Onc-B) Ongeng clay loam, 3 to 8 per cent slopes

There are no significant profile differences between this soil and Ongeng
clay loam (Onc-A) 0 to 3 per cent slopes, but the stronger slopes call for
conservation practices. Only 85 acres were mapped.

(Onl-A) Ongeng loam, 0 to 3 per cent slopes

This soil has a loam instead of a clay loam topsoil as in Ongeng clay
loam (Onc-A), 0 to 3 per cent slopes. Profile and chemical properties aré
similar. The basalt parent rock in this unit was found at a little over 5 ft.
in most places.

Surface drains would be beneficial on this soil. This is a large unit and
is found largely between Imbo and Ongeng with 4,392 acres being mapped.

(Onl-B) Ongeng loam, 3 to 8 per cent slopes

This moderately sloping phase of Ongeng loam is found on steeper
slopes than Ongeng loam (Onl-A), 0 to 3 per cent slopes. The loamy topsoil
will erode easily and must be protected by appropriate conservation measures.
Profile and chemical properties are essentially the same as in other Ongeng
soils. This also is a large mapping unit containing a total of 4,391 acres.

(Ons-A) Ongeng sandy loam, 0 to 3 per cent slopes

The Ongeng sandy loam is found in one small area of 157 acres north-
west of Magina Market. Profile and chemical properties are similar to other
Ongeng units, but basalt is very deep under these soils. The deeper layers
are well mottled but roots grow almost to 7 ft. There are many sugar-cané
plots on this soil and yields estimated to be 40 tons or more have been
reported.

(PS) Permanent Swamp, 0 to 3 per cent slopes

This land consists of a fairly small acreage of peat and muck soils,
covered with sedge-type vegetation, along nearly level stream channels and
terraces. They are usually found in association with the Marinde clay loam
and the Nyamauro loam. The soil could be used for rice production. Only
150 acres of this unit were mapped. |

(Rac-B) Rangwe clay loam, colluvial variant, 3 to 8 per cent slopes

Rangwe clay loam, colluvial variant, is a well drained, very deep, dark
reddish-brown soil. It is moderate in fertility and has good water holdinf
capacity. Roots grow casily through the profile. The topsoil is crumbly an
it is simple to prepare good seed beds. Much of the present parent materia
for this soil comes from other soils that have been washed down from highe
hills and ridges. Many small, round, hard black-red concretions are found i
the soil profile. These were also mixed in with the soil from above, and af
pieces of hard laterite layers that have weathered since being exposed. Mo
of this variant of Rangwe clay loam is over 5 ft. deep, but occasionally ha
parent rock is found between 4 and 5 ft.
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"5 soil is found in the gently sloping hollows or depressions between
rornd fingers of Rangwe soils that extend on both the north and south sides

of the «idge that is in the vicinity of Gem peak. This soil is farmed intensively
and ooduces fair to poor yields of finger millet, sweet potatoes, maize and
cass . Some bananas and a few small citrus groves are also grown. This soil
wili =a:h or erode easily during heavy rains and should be protected by
contonr plantings and tillage. A total of 576 acres was mapped. Sugar-cane
is not lkely to be grown on this soil because of possible termite damage.
The fertility of this soil is low, and manure would do much to increase yields
on (he African shambas. Applications of nitrogen, phosphate and sulphur will
be neeqed for best yields.

(Ral-) Rangwe sandy loam, 0 to 3 per cent slopes

The Rangwe sandy loam is a well drained, shallow to moderately deep,
dark reddish-brown soil throughout, with hard laterite layers over rhyolite
parent rock. The topsoil is a friable sandy loam and works up easily into
good sced beds. The crumbly subsoil has a well developed fine to medium-
sized subangular blocky structure. Many hard round iron oxide concretions
are found mixed with the soil, particularly in the layer just above the parent
rock. Roots and water penetrate easily. The larger acreages of these soils
have 3 to 8 per cent slopes and they are more fully discussed in that mapping
unit.

This phase of Rangwe sandy loam occupies only 140 acres.

(Ral-BC) Rangwe sandy loam, 3 to 13 per cent slopes

This is the major phase of the Rangwe sandy loam. It is a well drained
shallow to medium-depth soil. The surface soil is a dark reddish-brown
friable sandy loam with many gravelly fragments of iron-oxide concretions.
The subsoil becomes increasingly gravelly with depth and has a fine to
medium subangular blocky structure. A horizon of ironstone laterite at 20
to 30 in. depth separates the soil from the bedrock. Bedrock and laterite
outcrops are numerous. The stony land (siliceous rocks) land type nearly
everywhere caps the steeper hilltops of the ridges and hills on which the
Rangwe soils are found. Rangwe sandy loam supports large African popula-
tion and is farmed very intensively. It produces fair yields of simsim, cowpeas,
finger millet, cassava, sweet potatoes, kale and some groundnuts. Maize is
often grown but does not yield well. These soils are often droughty during
the short rains. The available water holding capacity is low. Sugar-cane is
not recommended, The fertility status of this soil is rather poor, but its
physical condition favours cultivation. It will respond well to applications
of nitrogen, phosphate and sulphur. The Africans could easily increase yields
by using large amounts of manure on these soils.

Rangwe sandy loam is mapped mainly in the eastern part of the survey
area on the hills south of Rangwe market and along the road going south to
Rongo. Smaller areas are found on the uplands in the south-western part
between the Ndhiwa and the Kuja rivers. This is the largest mapping unit
in the surveyed area. 10,669 acres were mapped.
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While no erosion was indicated on the map, there has been widespread
moderate erosion throughout the Rangwe soils, especially on the steeper
slopes. Conservation practices are needed to conserve soil.

Greenhouse test: Rangwe (sandy) loam.

(Rgl-A) Rarage loam, moderately saline, 0 to 3 per cent slopes

The Rarage loam is a somewhat poorly drained, very deep soil, formed
on nearly level surfaces along drainageways. The parent material is a mixture
of weathered basaltic materials, tuff, ash and in some places granite washed
from the upstream catchment areas.

The Rarage loam has about 3 in. of very dark brown loam topsoil well
supplied with humus. If this soil were ploughed deep it would be mixed with
the heavy clay subsoil which would result in a furrow slice that could be much
harder to work than would otherwise be the case. The thin topsoil is underlain
by a black clay subsoil with strongly developed, coarse prismatic structure.
Roots penetrate this layer, but with difficulty. Below this, the profile grades
into strongly mottled light brownish-grey, greyish-brown and yellowish-brown
clays and clay loams.

The Rarage loam, moderately saline, is found associated with the Rodi,
Ongeng and other soils which are formed from basaltic materials and occupy
higher elevations away from the immediate drainageways where the Rarage
soil is found. In the Magina market area, Rarage loam comprises one small
continuous body on an old drainageway on the west side of the Nyangu
stream.
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4+ unusual characteristic of Rarage loam is that it contains moderate
amou s of salt—mostly of sodium. The soil in the Magina market area has
these .alts in the upper 30 in. of the profile, while in the larger area in the
Ong: ¢ vicinity the salt content increases with depth. Sugar-cane that has
been - ised on this soil is reported to contain enough salt to affect the quality
of the jaggery sugar and must be mixed with cane grown on other soils. The
salinc content varies from place to place but it will no doubt have a limiting
effect on most crops, especially maize and beans. Most of this soil is used
only for pasture. Sugar-cane grows moderately well on this soil when it is
drained and fertilized. The Rarage loam is low in nitrogen and phosphate.
Smali applications of sulphur are worth trying. A total of 1,006 acres of this
soil was mapped. The Eroded Salt Lick soils develop where the Rarage soils
are gullied as a result of the trampling and licking of the subsoil by livestock.

(Rci-A) Rodi clay loam, 0 to 3 per cent slopes

The Rodi clay loam is a moderately well drained, deep, to moderately
deep soil that is derived from a complex of basalts, conglomerates, ash and
lesser areas of tuff. It is found on nearly level to gently sloping plains.

The topsoil is a black to very dark brown clay loam with a moderately
good amount of organic matter, and works up into good seed beds at the
right moisture content. The subsoil is of very dark grey sandy clay loams
to clays with moderately developed coarse prismatic structure that breaks
upon handling to fine to medium-sized rounded blocks. Sometimes a very
thin grey friable layer of sandy loam is sprinkled on the prism tops. Below
this, the soil grades into dark greyish-brown and greyish-brown sandy loams
to clays with medium angular blocky structure. The clay is very hard when
dry, firm when moist, and very sticky and plastic when wet. Roots are
found throughout the profile to the underlying parent basaltic rock.

The Rodi clay loam is closely related to the Ongeng soils. The main
difference between the Rodi and Ongeng soils is the depth to the parent
rock. In the Rodi soils basalt is usually found at about 36 to 42 in.,
while in the Ongeng soils it is usually found about 5 ft. The Ongeng soils
are associated mainly with the Rodi soils, but minor areas of Bhanji and
Kibubu are also present. Small pockets of volcanic ash are often found over
the weathered parent rock.

The fertility of the Rodi soils is moderate, but nitrogen and phosphate
are low and heavy applications of manure would greatly improve yields
of maize and other crops. Sugar cane does well on these soils, despite the
tight consistence and limited depth. Applications of commercial fertilizers,
containing nitrogen, phosphate and perhaps some sulphur in good rainfall
years, should yield 35-40 tons first cut. Surface drainage will help relieve
the wetness conditions during the spring rains.
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This phase of Rodi clay loam is extensive. It is found in large bodies,
totalling 4,209 acres, in the northern part of the survey area and mainly
along the road from Imbo to Mirogi.

(Rcl-B) Rodi clay loam, 3 to 8 per cent slopes

This phase differs from Rodi clay loam (Rcl-A), 0 to 3 per cent slopes,
in being found on moderately sloping land. Profile and chemical charac-
teristics are the same. Rock outcrops and loose basaltic stones are a litle
more common in this mapping unit. Sugar-cane and other locally adapied
crops are not as well suited as on the nearly level phase. Surface drainz ge
is better, but conservation measures should be applied. This phase of
Rodi clay loam is very extensive, comprising a total of 9,415 acres.

($b-CD) Stony-land (basaltic rocks), 8 to 20 per cent slopes

Most of this basaltic stony land is found in the north-western part
of the survey area. Small portions of this unit can be found on the 8 to 10
per cent sloping land, but mostly the unit comprises the steeper slopes.
The grazing is somewhat limited due to the stones and slope of the land.
782 acres are mapped.

(§b-E) Stony-land (basaltic rocks), greater than 20 per cent slopes

Steep basaltic escarpments make up most of this mapping unit. Goats
graze over most of the 255 acres of this land type.

(S§ml-AC) Stony-land (Kavirondian conglomerate), 0 to 13 per cent slopes

This land type is extremely stony land with patches of soils of variable
depth lying on Kavirondian conglomerate. The soil between the rocks has
a dark grey to black loam surface which is underlain by a dark greyish-
brown blocky clay subsoil, like Ongeng loam. This grades into only slightly
weathered rock at 20 to 48 in. depths. The large boulders of conglomerate
are weathered slightly on the surface, and cover as much as 40 to 50 per
cent of the land surface.

Included within the area of this unit are patches of a soil having distinct
leached horizons and Planosol characteristics, essentially like the Langi loam.
This soil has a light grey to grey leached horizon of loam texture which
lies abruptly on a heavy, sticky, plastic clay. The clay subsoil has prismatic
to columnar structure, characteristic of the Planosols. Soils having these
characteristics make up approximately 20 to 30 per cent of the area of
the unit.

This soil occurs in association with Rodi clay loam and Ongeng loam,
and occupies the high ridges where the Kavirondian conglomerate protrudes
through the basaltic (lava) rocks of the Tertiary volcanics. Most of it
occurs on slopes of 2 to 5 per cent with only a small percentage exceeding
5 per cent gradients. This land is too stony for cultivation. It is so stony
that the Africans in the area have excluded it from hoe culture.
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(Stk-C i) Stony land, Kibubu soil materials, 8 to 20 per cent slopes

T1is land type occurs on steep ridges and along the edges of the basalt
plain ' here it has been dissected by streams. A total of 771 acres was
mapp-d in scattered small areas throughout the survey area. This land
type 1= characterized by the large number of stones and bare rock out-
crops that are present. A few patches of dark reddish-brown Kibubu-like
soils liave developed to very shallow depths. It occurs on 8 to 20 per cent
slopes where surface run-off is very rapid.

‘ihis land type is similar to the Stony-land (basaltic rocks) with which
it is often associated. The latter is even more stony and the patches of soil
are shallower; also it lacks the Kibubu-type very shallow soils which occur
in this unit. This land type is too stony for cultivation with the exception
of very small pockets, and is now used only for rather poor grazing.

(Ss-AB) Stony-land (siliceous rocks), 0 to 8 per cent slopes

This land type consists of gently sloping land covered by fairly large
rhyolite stones. The stones prevent any attempts at cultivation with the
exception of hoe farming on a very few small areas. These soils are mostly
used for grazing. Only 135 acres were mapped.

(Ss-CD) Stony-land (siliceous rocks), 8 to 20 per cent slopes

This land type differs from Stony-land (siliceous rocks) (Ss-AB), 0 to
8 per cent slopes, in having steeper slopes. It caps the hills south of Rangwe.
The rhyolite stones cover almost all of the ground surface. This unit, being
stonier and steeper, is less desirable for grazing and is used only by goats.
1,700 acres were mapped.

IV—CROPS

The following discussion on crops is presented in the order of
importance of the particular crop in the present farming system of the
African peasant. No reliable acreage or yield estimates are available.

Sorghum.—Sorghum is planted in February or March and matures in
late July or early August. It is used as a food porridge and to make beer.
Sorghum is never sold, and each family raises enough for its own needs.
It is common practice to sow a few handfuls of maize kernels in the
sorghum fields before the sorghum is seeded. Sorghum yields rather well,
and it is said to do better on the darker coloured soils than on the reddish-
brown hill soils. Sorghum is one of the best host plants for Striga
hermonthica and Striga asiaticus and is mainly responsible for the increase
of these aggressive parasitic weed in the area. The grain is thrashed by the
primitive method of beating the bundles with sticks as they are spread out
on the ground.

Millet.—Finger millet or “wimbi” is mature somewhat more quickly
than sorghum. Most of it is planted at about the same time as sorghum
and is mature in June. All of the crop is used at home for food and beer
brewing. It is always the first crop on new soil because its early maturing
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qualities enable the farmers to gain a crop before the weeds destroy it.
Striga is not nearly as plentiful in the millet shambas as in the sorghum.
The dark reddish-brown hill soils are favourite soils for millet. A few st:lks
of maize are nearly always found interplanted with millet. Millet is harves ed
by hand methods as is sorghum.

Maize.—Maize is the principal African food crop, although some of it
is used for brewing. All of this crop is either used for home consumption
or is sold to other Africans at the local weekly markets. White maize is
planted at the same time as sorghum to take advantage of the long rains;
and it matures in five or six months. Coloured maize (coloured kernels
saved from the white maize cobs) is planted with a companion crop of
cowpeas in late August or early September, and matures in four months’
time. Maize is harvested and shelled by hand. It is grown on many different
kinds of soil.

Maize /legume mixed cropping.

Cowpeas.—Cowpeas are another important African food crop. They
grow in the short rains and are planted any time from late August to
early October. It is a common practice to plant cowpeas and coloured
maize together. About half of the cowpea crop is sold to the Asian traders
who also use them as food. The young green leaves of the plant are often
picked and boiled as a green vegetable, The tender young pods are some-
times sold as “green peas”, but are usually left to ripen upon the vine.
They are picked and shelled by hand. Cowpeas help to keep weeds under
control, and do best on the darker coloured soils.
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Sweet Potatoes—Sweet potatoes are planted all year round, depend-
ing upr1 the whim of the planter. They are raised largely on the loamy or
sandier textured dark reddish-brown hill soils. The stems are planted and
the ro-is are mature in about three months. They are harvested by hand
hoe di:cing, and are often stored as a reserve food crop. Although sweet
potatocs are a popular food among the Africans, they are not a mainstay
in their diet. They are often eaten as a “sweet” along with other foods during
their ineal.

Groundnuts.—Groundnuts are planted in late February or early March
and are dug by hand from four to six months later. They are sometimes
planted as late as early May. They are grown on most kinds of soils, but
yield best on the friable dark reddish-brown loamy or sandier textured
soils. The Africans report groundnuts do exceptionally well on the soil
mapped as Magina coarse loamy sand. They are the most important cash
crop of the area, and are sold at controlled prices through the Indian traders
to the marketing board associations. The acreage of groundnuts is increas-
ing every year.

Simsim.—Simsim (sesame seed) is planted in September and matures,
like cowpeas, at the end of December or early January. It is usually planted
alone, but it is not uncommon to find it growing with cowpeas, green grams
or even coloured maize. The stalks of simsim are cut in the field by hand,
tied in bundles, and hung upside down on wooden rails in the fields to
ripen and dry in the sunshine. The seed is thrashed by hand and sold as
the area’s second most important cash crop. It is used as an oil seed crop
for making soap. Fairly good yields are obtained. It is grown on both
dark reddish-brown soils and dark coloured clayey soils, with some difference
of opinion as to which soil is best suited for simsim.

Green Grams.—Green grams are planted for the short rains, but
mature two weeks earlier than cowpeas which have similar soil requirements.
It is quite common practice for green grams to either be grown under
coloured maize, or to have a lot of coloured maize plants growing in a patch
of green grams. About one-fifth of the annual green gram crop is used as
good. and four-fifths is sold to the Asians who use them in a popular curry

ish.

Vegetables,—Vegetables constitute an important part of the African diet.
Some are planted all year round, but most are planted for the long rains.
Vegetables are usually planted in moist sites, such as small plots of soil
around seepy areas. The vegetables grown are cabbage, kale, cauliflower,
onions, tomatoes, carrots and beans. Cabbage is the most important vegetable
that is raised. Families will often sell surplus cabbage, onions and tomatoes
in the weekly markets. In addition to the usual vegetables, the Luo also
gather the tender leaves of the weeds known as Osuga, Ododo, and Dek (Luo
names), which are boiled and eaten.
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Cassava.—Cassava, of the sweet kind, is usually raised in the drier s -eas,
and stem cuttings can be planted throughout the entire year. Dark rec lish-
brown hill soils are favoured planting sites. Cassava is used as an emerg-ncy
crop and is not very popular in the area. Both the dwarf and the tall va/iety
are planted, but the tall variety can stay in the ground much longer tha: the
dwarf variety without harm. Cassava roots are poisonous in some stag:s of
growth. The roots are usually boiled and the water drained before they are
suitable for eating. Cassava roots can be boiled and eaten, or mixed with
sorghum and eaten as porridge. Dried cassava roots are mixed with cercals,
ground, and used as a cereal flour.

Fruits—Bananas, oranges, tangerines, rough lemons and limes arc all
grown but on a very small scale. The cultivation of bananas is on the increase,
but most of the bananas consumed are imported from the Kisii highlands.
There are less than 10 acres of fruit grown in the entire area. Bananas growing
on Rangwe clay loam, colluvial variant in the Gem peak vicinity, appeared
to be of good quality.

Sugar Cane.—Two hundred and forty acres of sugar cane were growing
in 1959 in small trial plots scattered over most of the survey area. C.0.421
is the major variety, while C.0.419 and C.0.331 make up the smaller acreage.
Other varieties of lesser importance are C.0.290, C.0.281, C.0.490 and
C.0.408. These varieties are often grown mixed with each other. P.O.J.
varieties were brought in by sugar mill workers from Central Nyanza and
planted along stream banks for home use. Uba, a South African hard cane
variety, is sometimes grown with C.0.421. The sugar-cane variety C.0.421
has done very well. Tt is a good jaggery cane, and stays in the field longer
than any other variety without sugar loss, lodging or pith formation. Sugar-
cane yields, for which the growers were paid by the jaggery mill, run from a
high of 66 tons to a low of 14 tons an acre. How much influence poor
management or the soil itself has on this wide variation in yields is not
clearly known. A yield check of the C.0.421 cane variety at Okok in January.
growing on Konyango clay loam, came out at 45 tons per acre. This cane
was 22 months’ old when cut and weighed, and was cut once before for seed
12 months after planting. No commercial fertilizers have been used on any
of the cane trial plots. A sample of jaggery analysed by Scott Agricultural
Laboratories had 74.2 per cent sucrose content and a juice to baggasse ratio
of 50.88 to 49.42. The rainfall has been very favourable since 1952 and at no
time have the sugar-cane trial plots ever suffered from lack of moisture. In
drier cycles, sugar-cane yields may be considerably less. Sugar-cane cuttings
are planted throughout July, August and September, and sprout with the help
of moisture from the fall rains. The dry period between the short rains and
the long rains encourages tillering. Two hand weedings are necessary. The
cane is mature at 24 months, and two ratoon crops of about 20 to 22 months
each are taken. The ratoons are mulched. Ridge and furrow surface drains
are necessary on the poorer-drained flatter soils.
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Raioon stunting disease is in the area and will probably get worse, but
no oth~r sugar-cane diseases have yet been identified. Termite damage to
cane rised on the dark reddish-brown soils is reported by sugar-cane
specialists and cane plantings should avoid these soils.

Suitability of Soils for Growing Sugar-Cane.—All soils in the East
Konyango survey area are less than ideal for growing sugar-cane. The ideal
sugarane soil should have a deep profile, considerable capacity for moisture
storagc, friable consistence, well developed structure enabling roots to pene-
trate <cveral feet and excess water to drain away. nearly neutral reaction,
abund:nt humus, and a good supply of plant nutrients. The ideal soil should
be located in a climatic region where the cane will never suffer from lack of
moisture, or where irrigation water can be made readily available.

Available climatic data may be somewhat misleading, in that they cover
only a few recent years. These records show a rather favourable rainfall that
is no doubt reflected in the moderately high yields obtained in some of the
sugar cane trial plots. Records obtained from the Kisii District Office show
that the rainfall in Mirogi has been as low as 23.68 inches, and that four
years out of ten the rainfall was less than 40 in. Marinde records show a low
year of 32 in. and eight years out of ten less than 40 in. of rainfall. Experienced
agriculturists, familiar with the area, say that there has been more than one
severe dry cycle in the last 20 years. Raising cane for jaggery would, of course,
be less affected than would large commercial plantings needed to sustain a
white sugar industry. The prospects of irrigation in this area are poor.

The soils are placed in three groups according to their suitability for
growing sugar-cane, assuming rainfall approximately equal to the recorded
averages in the area.

Group 1—Soils Suited for Sugar-cane

Eleven soil types and phases were placed in this group. These soils should
yield between 35 and 50 tons of cane, first cut, with fertilizers and good
management. The structure of these soils, while not ideal, does allow plant
roots to penetrate the profile during the most favourable moisture periods.
However, during the long rains the soil structure peds (once saturated), swell
and expand, thereby sealing off water penetration. During the dry periods of
the year, the peds turn very hard and crack, making root growth conditions
far from ideal. A ridge and furrow system of drainage will be needed on the
flatter land. Deep cane residue mulches will help maintain more favourable
moisture conditions in the soil profiles. Some of the soils, Rodi clay loam
for example, have a minor depth limitation which may make a difference in
yields during dry periods. 21,232 acres of land were placed in this group as
follows : —
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Acres
Kibigori clay loam, 0-3 per cent slopes ... 2,064
Konyango clay loam, 0-3 per cent slopes ... 2402
Konyango clay loam, 3-8 per cent slopes 175
Obiero sandy clay loam, 3-8 per cent slopes ... 180
Oboke clay loam, 3-8 per cent slopes ... 725
Ongeng clay loam, 0-3 per cent slopes ... 1,852
Ongeng clay loam, 3-8 per cent slopes ... 85
Ongeng loam, 0-3 per cent slopes ... 4,392
Ongeng loam, 3-8 per cent slopes ... 4,391
Ongeng sandy loam, 0-3 per cent slopes ... 157
Rodi clay loam, 0-3 per cent slopes 4,209

21,232

Group 11—Soils Usable for Sugar-cane

Twenty-one soil types and phases, totalling 44,531 acres, were placed in
this grouping. These soils have more limitations than do the soils in the
first group. Depth to parent rock, lower fertility status, presence of salts in
the profile, steeper slopes, more frequent bedrock outcrops and scattered
surface stones are some of the soil characteristics that make these soils less
desirable. Surface drainage will also need to be considered on the soils
occupying flatter slopes. Approximate yields run between 15 and 30 tons per
acre but fertilizers and good management should increase these yields.

Acres
Akijo clay loam, 0-3 per cent slopes ... 380
Akijo clay loam, 3-8 per cent slopes ... 21 2.377
Akijo clay loam, 8-13 per cent slopes ... 1,249
Bhanji clay loam, 0-3 per cent slopes ... 385
Bhanji clay loam, 3-8 per cent slopes ... 371
Kibugo loam, 0-3 per cent slopes ... 1,030
Kibugo loam, 3-8 per cent slopes ... 1,826
Langi loam, 0-3 per cent slopes ... 1,279
Langi loam, 3-8 per cent slopes ... 508
Marinde clay loam, 0-3 per cent slopes ... 4,343
Mirogi clay 0-3 per cent slopes ... 767
Misathe loam, 0-3 per cent slopes 2,660
Misathe loam, 3-8 per cent slopes 2,590
Ndhiwa loam, 3-8 per cent slopes 4901
Nyamauro loam, 0-3 per cent slopes ... 8.290
Nyamauro loam, 3-8 per cent slopes ... 2,490
Nyokal sandy loam, 0-3 per cent slopes ... 880
Nyokal sandy loam, 3-8 per cent slopes ... 900
Olungo clay loam, 0-3 per cent slopes ... 1,295
Rarage loam, 0-3 per cent slopes ... 1,006
Rodi clay loam, 3-8 per cent slopes ... 9.415
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Group I11—Soils Not Suited for Sugar-cane

Thirty-three thousand, four hundred and forty-three acres of land, com-
prising 26 soil types and phases were placed in this group. All of the dark
reddish-brown soils containing hard laterite concretionary layers over the
pareni rock are unsuited because of shallow depth, low moisture-holding
capacity, low fertility status, and possibly cane damage from termites, Stoni-
ness ~nd steep slopes make many of the soil types unsuitable for sugar-cane.
Wetness of the swampy land, and the annual flooding hazard of the alluvial
soils rule out their use. The expense of land clearing operations of the thick
bush found on the Kuja soils combined with their extreme acidity preclude
their use for cane production. The Okok soils are studded with rock outcrops
and are seasonally waterlogged.

Acres
Akijo clay loam, 8-13 per cent slopes, moderately eroded 186
Ajiko clay loam, 13-20 per cent slopes ... 94
Alluvial soils, undifferentiated ... 1,030
Bhanji stony loam, 0-8 per cent slopes ... 2,1300
Bhanji stony loam, 8-35 per cent slopes ... 146
Eroded salt licks and volcanic ash 1,478
Kibubu gravelly sandy loam, 0-8 per cent slopes 1,936
Kibubu gravelly sandy loam, 8-13 per cent slopes 464
Kibubu stony loam, 0-8 per cent slopes ... 2,292
Kuja loam, 0-3 per cent slopes ... i 2,645
Magina loamy coarse sand, 0-8 per cent slopcs 855
Magina loamy coarse sand, 8-13 per cent slopes ... 1,980
Nyangu stony sandy loam, 0-8 per cent slopes ... 1.280
Nyangu-Magina complex, 3-13 per cent slopes ... 695
Okok clay loam, 3-8 per cent slopes ... 204
Okok clay loam, 8-13 per cent slopes ... 318
Permanent swamps, nearly level . 150
Rangwe clay loam, colluvial vanant 3-8 per cent slopes 576
Rangwe sandy loam, 0-3 per cent slopes .. 140
Rangwe sandy loam, 3-13 per cent sl-opes 10,669
Stony-land (basaltic rocks), 8-20 per cent slopes ... 782
Stony-land (basaltic rocks), 20 per cent plus slopes ... 255
Stony-land (Kavirondian conglomerates), 0-13 per cent
slopes ... 532
Stony-land (Klbubu soil matenals} 7
Stony-land (siliceous rocks), 0-8 per cent slopes ... 135
Stony-land (siliceous rocks), 8-20 per cent slopes 1,700
33,443

T
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V—FERTILITY EVALUATION OF EAST KONYANGO SOIL5

In addition to studying the soils in the field, representative samples {rom
the principal soil types in the East Konyango area were collected and ana'ysed
in the laboratory for various chemical constituents. Surface samples werc also
tested for phosphorus, nitrogen, sulphur and trace elements by the micro-
biological Cunninghamella method and in the case of 14 soils fertility tests
in the greenhouse were made using tomatoes as the test plant. Detailed descrip-
tions of the laboratory procedures followed are given by Mehlich et al. [6].
The greenhouse tests measured the reduction of the growth of tomatoes in a
limited volume of soil resulting from the withholding of nutrients singly from
a complete nutrient solution. A growing period of five weeks was allowed
and the procedure followed a modification of the method used by Webb [12]
for the evaluation of the nutrient status of soils in Gambia.

The complete data on these soils will be found in the Appendix. Limited
data on the surface soils are given in this section. The soils are separated into
three broad groups, based on the amounts of phosphorus extracted from
surface and subsoils. Data on soil reaction (pH), organic carbon (C), and total
nitrogen (N), chemical phosphorus (P), micro-biological P, N, and sulphur
(S) are reported in Table V. Table VI also contains greenhouse data on P,
N and S. Tests for trace elements were also made by both micro-biological
and greenhouse methods. The nutrient needs indicated by all these tests are
suggested in the tables.

Group 1—Low to Medium Phosphorus in Surface, Low in Subsoil, and
Medium to High in Lower Subsoil (below 36 in.)

There are 22 soils in this group representing 14 types. The phosphorus
content of the surface soils varies considerably, Hence, the need for phos-
phorus ranges between slight and high, with the majority indicating medium
requirements. Deep-rooting crops may be expected to be benefited by the
high phosphorus in the subsoils (see data in Appendix). Akijo clay loam,
Kibubu gravelly sandy loam, and Konyango clay loam indicate a medium
need for nitrogen while all the other soils have high requirements. Sulphur
needs range between nil and medium. These soils are well supplied with
magnesium and calcium but many of them indicate rather low potassium
(K) levels in the subsoils. Akijo, Konyango, Langi, Marinde, Mirogi and
Ongeng indicate a variable need for boron (B). Response to these elements
requires verification in field trials. Greenhouse tests on Marinde clay loam
produced a very dark green colour in the plants, especially along the veins.
This can probably be attributed to the higher sodium contents of this soil.

Per cent base saturation of the soils in this group ranges from 53 to
74 per cent.

With the exception of Kibubu gravelly sandy loam, all of the soils in
this group are moderately well to well suited for the production of sugar-
cane. Kibubu gravelly sandy loam is too shallow for cash crop production
and is principally suited to small patch hoe culture.
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Group .. -Low Phosphorus in the Surface, Medium to High in the Subsoil

TE' group covers only four soils represented by three types. These soils
are all 11 need of phosphorus and nitrogen. Deep-rooted crops, however, may
be exp:-ied to be benefited by the medium to high phosphorus in the subsoils.
Sulphur needs range between slight and high. They are all well supplied with
magnes'um and calcium. Kibigori clay loam indicates a slight boron (B)
deficiency.

Pei cent base saturation ranges from 59 to 75 per cent and pH from
5.7 to 6.1.

Oi ihe three soil types in this group, only Kibigori clay loam is suitable
for sugir-cane production. Kuja loam supports a dense stand of forest and
bush. ii is also extremely acid in reaction. These two factors make this soil
unsuitable for sugar-cane production. Land clearing operations would be
expensive and the soil would require almost prohibitive amounts of lime
before any economic return would be realized. Okok clay loam is too wet
and too broken with rock outcrops for cash crop production and is principally
suited for small patch hoe culture.

Group 3—Low Phosphorus in Surface and Low in Subsoil

There are 16 soils in this group representing seven types. These soils are
virtually all in need of phosphorus and nitrogen. Even deep-rooted crops
cannot be depended upon to obtain any significant share of their phosphorus
from the subsoil. Sulphur needs vary from medium to slight. The supply of
potassium (K) is low in both the surface and subsoil of all these soils. There
are indications of low copper and of low zinc in Nyamauro and slight boron
(B) deficiencies in Misathe and Nyamauro. Response to these elements requires
verification in field trials. These soils are relatively well supplied with calcium,
with the possible exception of Rangwe. The supply of magnesium is low in
Rangwe.

Per cent base saturation is 50 per cent and below in all of these soils. It
ranges between 29 and 50 per cent.

Magina loamy coarse sand, Nyangu stony sandy loam, Rangwe sandy
loam and Rangwe clay loam, colluvial variant, which are shallow or stony
soils, are not suitable for sugar-cane production. The remaining soils in this
group are moderately well suited.

General Conclusions

Most of the soils in groups 1 and 2 are derived from basic parent
materials—volcanic tuff, ash and basaltic (lava) rocks. The high phosphorus
in the subsoils of these soils is a reflection of this. This is in agreement with
the Songhor area where soils derived from volcanic tuff or ash were especially
noted as being high in phosphorus. All of the soils in group 3, except
Nyamauro loam, are derived from acid parent materials (granite and rhyolite).
Nyamauro loam is a strongly leached Planosol developed from alluvium
derived from a mixture of both acidic and basic parent rocks.
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It should be emphasized that these samples do not represent a ccnplete
coverage of the soils in the East Konyango area. Furthermore, it shculd be
pointed out that the values obtained by the laboratory and greenhou:c tests
must be interpreted on the basis of the nutrient requirements of the ¢ ops to
be grown. The final answer, therefore, must come from the use of suitable
field trials with different crops. The data certainly would lead one to believe
that most of the soils should definitely be expected to show respc.se to
phosphorus for any intensive cropping system. The same applies to niirogen
for virtually all of the soils investigated. Any extensive agricultural develop-
ment, such as sugar-cane production, will necessitate a carefully planned
programme for fertilization.

EXPLANATION OF SoiL. TeEST VALUES IN TABLES V anD VI aND

APPENDICES
Chemical Tests:

pH  refers to soil acidity and alkalinity. pH 7 denotes neutrality.
Below pH 7 the values denote progressively higher acidity, and
above pH 7 progressively higher alkalinity.

C9% represents organic carbon. To obtain conventional organic matter
multiply by 1.76.

N9% refers to the total nitrogen. To obtain pounds nitrogen per acre
multiply by 20,000.

C/N isthe C9 divided by N9.

P to convert P ppm into pounds per acre of phosphorus, multiply
by two.

Micro-biological Tests and Greenhouse Tests :

—P, —N and —S denote the per cent vegetative growth obtained when
each of these nutrients was omitted, compared to that growth in which
all nutrients were added.
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VI -HOW THE SOILS OF THE EAST KONYANGO AREA
WERE FORMED

So '+ in general can be grouped in two very broad classes:—

(1 “oils composed primarily of minerals in various stages of decom-
position, with more or less incorporated organic matter, and

(20 Soils composed primarily of organic matter (various bands of peat
or muck) with some incorporated mineral matter.

Sciis of the East Konyango area fall almost entirely into the first class,
althourh there are a few acres of primarily organic soils in some small,
scattercd swampy spots. These last can be dismissed as insignificant for this
discussion. The mineral soils comprise 24 soil series of 28 types and 47 phases.
In addition, there is one variant unit, one complex unit and seven miscel-
laneous land types. As indicated on earlier pages. the distribution of each
soil type and phase is shown on the soils map as accurately as existing
facilities permitted.

Many of the soils in the area are “moderately heavy” like Rodi and
Marinde clay loam, but some are of a “medium” texture such as Langi loam
or Ongeng sandy loam; some, like Rodi clay loam, are fairly well supplied
with humus and plant nutrients, and some are infertile; some, like Rangwe
loam, are crumbly and easily tilled, and some, like Mirogi clay, are hard to
plough and to prepare for good seed beds. In the following pages we shall
discuss briefly what is known or conjectured about soil forming factors.
Detailed descriptions of the major soil series appear in the Appendix.

The Factors of Soil Formation

Most soil scientists recognize five major groups of factors that are
responsible directly or indirectly for the soils as we find them today. They
are:—

(1) The nature of the rocks and loose mineral deposits from which the

bulk of the soil material is formed.

(2) The climatic conditions under which the soils have formed.

(3) The nature of the surface of the soil, particularly the shape and
gradient of slopes.

(4) The biological environment of the soil, including the activities of
man.

(5) The approximate length of time the soil has been exposed to the
influence of the first four groups of factors,

It is obvious that each of these groups of factors includes many variables,
each of which has its effect on the character of the soil. In this report we can
only suggest the contributions each group of factors has made to the soils.
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As universally recognized in the field of soil science, the soil is in a
dynami. condition, or constant state of change. It is losing some components
througl: ‘caching and erosion; it is gaining new material through weathering
of parc 't rocks, ground water movement, additions of dust and decaying of
dead v ctation; and the nature of its mineral status is changing gradually
througl: continued weathering.

Orc might conclude that the soil is changing so rapidly that recom-
mendai.ons for improvement would be of no avail. Most changes in soils
are not very rapid and take place gradually over fairly long periods of time.
Furthermore, newly added material tends to balance much of the material
that h:s been lost in various ways, and often a near-balance between these
two effects develops in the soil. Under natural conditions, then, net soil
changes may be relatively minor over periods of many hundreds or even
thousands of years.

The Loose Mineral Deposits and Hard Rocks

About one-fifth of the soils in the East Konyango District are developed
in loose mineral deposits of various kinds, mostly dumped by sediment-
charged streams or settled out slowly from the quiet muddy waters of what
may be former shallow lakes, or in the backwaters of meandering streams.
Some of the unconsolidated deposits could have reached their present
position by slow gravitational creep from higher to lower slopes.

Most deposits made originally by streams occur above flood levels, on
broad, nearly level, terraces along the Riana, Ogweo and Kuja rivers and
their tributaries. The Kuja, Kibigori, Olungo and Nyamauro soils have
developed in these deposits. The unconsolidated mineral deposits along the
stream flood plains are of a more variable nature. Beds of volcanic ash, often
over 2 ft. thick, are to be found along the Ogweo, Riana and Kuja flood
plains. Some deep cut banks along the Kuja River show two and sometimes
three different ash deposits with different textural alluvial material between.
These volcanic ash deposits were no doubt washed off higher lands after
their deposition, and concentrated in lower positions along with other un-
consolidated deposits. Shingled cobble beds of great thickness as well as areas
of rounded boulders can be found along the Riana River below where it is
joined by the Misathe and Nyamauro tributaries.

Both the Kuja and the Olungo soils have subsoil horizons of what appear
to be nothing but slightly weathered volcanic ash. The clays of both of these
soils are dominantly of the 2: 1 silica-alumina lattice type.

The alluvium of the stream terraces in which the Nyamauro soils have
developed is of mixed origin of both basic and acidic type rocks. The acidic
rock may be dominant because the upstream catchment area, most of which
is outside the survey area, is mainly of rhyolite, andesite and quartzite of the
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Nyanzian and Bukoban series and granite intrusions. The basic roc's are
mainly basalts of the Bukoban series. The dark coloured Kibigori sc's are
formed in alluvium washed from basaltic aglomerates, and volcanic as also
may have contributed.

The Marinde soils are formed in deep sediments that may be Hartly
lacustrine in origin. Shallow lakes could easily have been where flat "road
stream terraces are now. Both the Marinde and Kibigori soils have lime
concretions very deep in the profile, which could have been concenirated
by groundwater and by transfer of lime from upper to lower horizous of
the soils. Auger borings from the bottoms of 5-ft. pits in the Marinde soils
revealed layers of ash deposits mixed with the soil.

Rocks of different composition and degrees of hardness underlie soils

of the other four-fifths of the area and have weathered in varying degcrees
into loose minerals that make up the bulk of the soil parent materials.

Soda-rich basalt and tuff are the chief parent rocks of soils found in the
Rodi, Marinde, Mirogi, Ongeng and the Obera school areas [5). Soils derived
from dark coloured parent rocks are more extensive than those from other
rocks. All of these soils have more or less dark coloured surface soils and
heavy textured profiles, with strongly developed structure. Most soils deve-
loped from the volcanic rocks are more or less clayey with subordinate sand.
The clays in most of these soils are of the type that shrink and swell greatly
with moisture changes, as in the Kibigori clay loam, a “black cotton™ soil,
or Grumosol. The flattened appearance of the fine roots noted between the
soil peds reflects the pressure exerted by swelling clay. The Kibigori clay
loam has 2:1 type of clay.

Practically all of the soils lying on Tertiary volcanic rocks have been
influenced by volcanic ash. Some, such as Kuja, Obiero, Ongeng, Olungo
and the Rodi soils, have either discontinuous horizons or pockets of volcanic
ash, or horizons that are mixed with weathered ash particles. The Obiero,
Kuja and Olungo soils have ash as their parent materials, and in these soils
the 2:1 type of clay is dominant.

Almost all of the soils formed from Tertiary volcanics are well supplied
with phosphorus, especially in subsoil horizons.

Soils developed from rhyolite are the second most important group.
The Rangwe and Nyokal soils are derived from rhyolite and have somewhat
sandier textured profiles than do the soils formed from Tertiary volcanic
rocks. They have low reserves of nitrogen, phosphate and potash. Green-
house pot tests show a response to sulphur. They are low in calcium and
reaction varies from medium acid to strongly acid.

Granite is the parent rock of the last group of soils that are formed from
hard rocks. Soils derived from granite are mostly dark reddish-brown to dark
brown in colour, and are the sandiest soils mapped in the area. The Magina
soils are shallow, sandy and infertile. They are strongly to medium acid and
are low in calcium, nitrogen, phosphorus and potassium.
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T Misathe and Nyangu soils also are derived from granite like that

under = Magina soils. These soils have been strongly leached and have grey
surfacc -oils. Their physical and chemical properties resemble the Magina
soils. | iey have sandier horizons, and even in the clayey B horizons they still
have (" o to three times as much sand as silt. Like the Magina soils they are
low in alcium, nitrogen, phosphorus and potassium. The Magina soils have

more < the friable 1:1 type clays than do the Misathe or Nyokal soils.
Stony Land Siliceous Rocks

Bhanji ciony loam

Bhanji clay loam
Rangwe

£33
Rodi and .

Ongeng
series

w
— Approx. 8 Miles —_—
Fig. 2—Relationship of soils to parent material and relief east of Marinde.

The Climate

As stated earlier, the rainfall of the East Konyango survey area ranges
from about 40 to over 50 in. a year. December, January and February
are increasingly dry, April and May are wet. The soil dries out markedly
from late December to early March, The year-round frost-free climate causes
more rapid chemical weathering of rocks than would be the case in colder
climates.

Water percolates through the soil during the rainy season, the rate
depending on internal drainage of the soil type, but is largely exhausted by
evaporation and transpiration about as fast as it falls during the rest of the
year. In regions like this with soils alternately wet and dry and with only
short periods in which water passes entirely through the soil, there is a ten-
dency for soils of the so-called “black cotton” or Grumosol group to form.
The Kibigori clay loam is an example. This soil was first identified, described
and mapped in the Songhor survey [10]. The “black cotton” soils have the
type of clays that shrink and swell with moisture changes. Deep cracks are
formed in the dry season and the soil takes on a peculiar structure. The
surface soil shrinks and slakes to a fine blocky structure, and the small blocks
fall into deep cracks. During the wet season water runs into these cracks
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which are gradually closed by the swelling of the clay. The fine bloc' s of
clay expand with wetting and exert great pressure which tends to stir or ciiurn
up the whole soil mass. Calcium carbonate concretions from the deep st soil
are thus mixed all through the soil and even appear on the surface of the
Kibigori soils.

The uneven shrinking and swelling also brings about shear effects ihat
produce lens- or lentil-shaped structure aggregates that were noted in ruany
horizons of different soils [4]. The lower horizon of the Rarage soils is a
splendid example of this lentil structure. The overlapping discus-shaped soil
peds often are quite large (5 to 8 in. long and 3 to § in. wide), and have
“slickenside” faces that indicate considerable local movement in the soil.
This is caused by the expanding and shrinking taking place in the soil during
the alternate wet-dry periods. On sloping surfaces gravitational soil creep
accompanies the swelling. Large cracks between the prisms and columns and
even in the blocky type structures were noticed, sometimes extending almost
to the parent material. During the dry seasons most of the clayey soil is very
hard; when wet the soil is very sticky and plastic. It is evident that the
optimum time for root growth is restricted to short periods when moisture
conditions are such that plant roots can spread out between and through the
closely fitting soil peds.

The alternately wet and dry climate has influenced the nature and deve-
lopment of the strongly leached soils such as Misathe, Nyokal and Nyangu.
During the wet seasons the concentration of water by both rainfall and run-off
from higher lands has been sufficient to strongly leach the Misathe, Nyokal
and Nyangu soils. They have light grey loamy A horizons and heavy clay B
horizons. Clay films on surfaces of blocks and prisms in the B horizon suggest
that the clay has been moved down from the A horizon. Chemical analyses
show that sodium and calcium have been reduced and the soils have become
acid in reaction. The Marinde soils occupy positions similar to the Nyamauro
soils but have not been as severely leached. They still retain considerable
exchangeable sodium and have all the characteristics typical of a Solonetz
soil.

The Kuja, Marinde and Olungo soils have light grey layers of silty or
loamy material over the clay column tops and a considerable accumulation
of sodium in the B horizon. The fact that these soils have retained Solonetz
characteristics while other soils found in similar position and climate have
been leached of excessive sodium may possibly be explained by larger
amounts of sodium in the original parent rocks, but this has not actually
been studied in detail. Lime concretions are found at a depth of 6 to 7 ft.
in the Marinde profile, though these are probably the result of precipitation
from groundwater. The depth of leaching in the Marinde soils is represented
more nearly by the accumulation of exchangeable sodium in the B horizons.

While little information is available on humidity, records at the cotton
substation at nearby Homa Bay show that the relative humidity is in the high
90’s. Such high humidity tends to lower the rate of evaporation and thus to
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increas. ‘he amount of water available for passing through the soils. Soils of
the Rz~ 2we, Magina, Bhanji and Kibubu series, with their subsoil horizons
of late. ¢, while radically different from the dark-coloured soils, may still
reflect e effects of the periodically wet and dry climate. Most of these soils
occur i situations where temporary water tables fluctuate seasonally, as in
the bl: .k soils, but where considerable water drains away to lower areas and
to stre s, instead of being lost by evapo-transpiration. Thus, silica dissolved
from siiicate minerals is gradually lost to lower areas and to streams instead
of beiiiz held in contact with the soil. In this manner the insoluble low-silica
clays and sesquioxides of iron and aluminium tend to accumulate as laterite
or “gioundwater laterite”. The dry seasons encourage the oxidation and
partial dehydration of the iron compounds. In the wet season some of the
iron compounds are mobilized by the activities of anaerobic bacteria, only
to be immobilized by oxidation in the dry season.

The Biological Environment

Plants and animals have important effects on the development of the
soil. The mineral composition of the parent rocks, temperatures and the
moisture available for growth of plants control to a considerable degree the
kinds of plant that can survive. Organic matter is one of the chief contribu-
tions of plant life to the soil. Plants also translocate plant nutrients from the
lower layers to the upper layers. Weathered rock fragments in themselves do
not constitute soil unless organic matter is present. It is often said that organic
matter is the life of the soil itself.

Both trees and grasses have contributed to the formation of the soils that
we find in the East Konyango region. The past influence of trees has no doubt
been more important than it would appear today. Luo tribal elders say that
when their people moved into this area (90-100 years ago) there were con-
siderably more trees than there was grass. Today the reverse is true, more
grass than trees. Only along the Kuja River are remnants of forest-type
vegetation found. We can only speculate as how much of the countryside
was covered by forest before settlement. The virgin surface soil of the Kuja
series (formed under forest) contains over 8 per cent organic matter, which
is twice as high as soils we now find under grass cover. The Rodi and Ongeng
soils have mainly grass-type vegetation and contain about 4 per cent organic
matter in their topsoils. The difference in organic matter content may not
only be evidence that the Kuja-type forest did not cover all of the country-
side, but it also points out the influence of different types of vegetation on
soil properties.

Another example of how vegetation can influence soils may be seen by
contrasting chemical properties of forested and grassland soils. Kuja soils,
densely covered with scrub forest, are, with the exception of the thin Al
horizon, very strongly acid. None of the soils found under present grassland
or open savannah-type vegetation are as strongly acid as the Kuja series.
The acidity of the Kuja soils probably is a direct result of the organic acids
of various kinds created by the decay of forest debris.
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Burrowing animals such as rodents and earthworms, while import- 1t in
many places of some temperate zones, have played a minor role in loc:  soil
formation. Earthworm activities are especially important in soils of ~ome
regions but are unimportant in the East Konyango area. Instead, ter ites
replace the activities of earthworms or rodents in mixing the soil, and they
are the most important animals influencing the soil in the survey area. In 'heir
tunnelling activities termites move considerable quantities of soil fron: the
lower soil horizons to the upper ones. They build mounds of many -izes
and shapes on many different soil types. The exact reasons for the differcices
are not clearly understood, but they may be related to variations in moisture
conditions of the soil as well as to differences between the termite spccies.
The most conspicuous termite mounds noted in the area are on the Nyamiuro
soils. The mounds range from 4 to 6 ft. high and from 30 to 50 ft. in
diameter. They are grey in colour and have a characteristic “clump-iree”
vegetation growing on the mounds with grass between. The grey colour
results from the leached grey A horizons of the Nyamauro soils that the
termites have used as building material. The clump-type vegetation is mainly
of Euphorbia sp. and Carissa edulis and probably results from the more
favourable air-moisture relationships created by the termites in their mound-
building activities. Termite mounds of different shapes and sizes are found
on nearly all the different soils, and often the colour is an aid to the soil
surveyor in his field work. Some mounds are built largely of subsoil material
and others, like these on Nyamauro loam, are built of surface soil material.
Termite mounds occupy an estimated 20 to 35 per cent of the total surface
area of the Nyamauro soils.

Man’s activities have also influenced the soils of this area. One of the
most obvious changes is in the destruction of the original vegetation and the
substitution of crop plants. Trees have been cut and the grasses and bushes
have been repeatedly burned over. The repeated seasonal grassland firing as
well as the practice of burning the topsoil in the shambas has destroyed much
of the organic matter,

The Rangwe sandy loam is the most densely populated and intensively
cultivated soil of the entire survey area. Most of it is found on the higher
hills that command tactical defence positions. The advantageous defensive
positions of these hill soils, combined with the fact that they are easily culti-
vated with hand tools, has led to an almost continuous occupancy by man
for a long time. The Luo drove out the Kisii and occupied these hills about
100 years ago. Their land tenure system divided the individual holdings into
long narrow strips up and down the slopes. This resulted in considerable sheet
erosion and some gullying, although present signs of erosion do not indicate
erosion of disastrous proportions. Recently established contour farming and
continuous cultivation keeps the rills and small gullies filled in. The present
profile of the Rangwe soils is only about 20 in. of usable soil material over
hard laterite layers. The Rangwe soils are low in fertility. This is partly
inherent in the soil and partly a result of man’s past activities. Another of
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man’s ¢ -ioms having a deleterious effect on the soil is excessive communal
grazing, which greatly reduces the density of the grass cover and lowers
the hur - content of the soil. This is especially important on soils like the

Rangwe andy loam in which most of the available plant nutrients reside in
the soil umus,

Mu Tl of the cultivation in the East Konyango area is on moderately
to stro:i:ly sloping land. Tillage causes soils to creep gradually down hills,
leaving soils of upper slopes thin and depleted of humus and plant nutrients.
Contou: terraces reduce such movement to a minimum.

The Naiure of the Surface

The nature of the soil surface, particularly the degree and gradient of
slopes, has important effects on the nature of the soil itself. Surface differ-
ences cause water to move away from higher areas to lower areas. If the
lower areas do not have adequate outlets, water accumulates and stands for
long periods before either draining slowly away or evaporating. Soils in these
positions, like Mirogi clay, are wet for longer periods of time than soils on
better drained positions like Rodi clay loam. The soils in these low areas
exhibit definite characteristics associated with wetness. They are nearly always
mottled in the lower horizons with various shades of grey, brown and yellow.
Many of them are very grey or gleyed. The degree of mottling and amount
of grey colour is dependent largely on the length of time the soil remains
saturated each year. Because of poor air-water relationships, many of these
soils are less responsive to cultivation for ordinary crops than those that are
naturally better drained.

Where slopes are long, lateral movement of water from the upper part
to the lower part tends to keep the soils in the lower slopes in a somewhat
poorly drained condition similar to that of the flat and depressed lowlands.
Consequently, soils on convex high ground are well drained and generally
reddish in colour. They are subject to periodic leaching and the dissolved
substances are removed into the deep groundwater or downslope to soils at
lower levels. Soils downslope from the reddish ones become more yellowish
or greyish in colour as they become wetter. They may also contain appreciable
amounts of salt which has been dissolved from the higher lying soils and
rocks and deposited in areas of seepage where it has been concentrated
by transpiration and evaporation. Some of these moist and wet soils have
horizons rich in iron concretions which can also be attributed to the lateral
movement of dissolved iron compounds.

The Time Factor

It is well established that soils are changing constantly, both in physical
properties and in chemical composition; but in most soils the changes are
very slow except where interference by man has increased the rate of erosion
or has caused either rapid increase or decrease in nutrients available for
plants. If we ignore for the moment the effects of man’s interference in the
rate and direction of soil formation we may say something about the effects
of time in soil development.
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Soils are dynamic: they are receiving constantly new materials (0. zanic
matter, dust, nitrogen compounds, from the rainwater, and minerals frc 1 the
weathering of rocks); and they are losing materials constantly through le: “hing
and gradual erosion. Some kinds of materials are leached more readil; than
others; hence, some compounds are depleted, and others—those th:: are
almost inert—tend to become more concentrated. Thus, in a more o less
humid climate we may expect to find the old soils less fertile than the younger
soils. Admittedly this is an oversimplified statement.

Probably the most nearly reliable way of estimating relative and ab:olute
ages of soils is through a study of the distribution of the chief soil ‘ypes
in relation to the various geomorphic land units of the area under review.
Geologists and geomorphologists who have studied the land forms of South
Nyanza have recognized a sequence of erosion cycles and land surfaces.
Dissected remnants of the latter made up the present complex surface of the
land on which the soils occur.

Huddleston [3], after Shackleton [9], recognized the following stages in
the development of the present land surface in the part of the Kisii District
studied which lies also in the East Konyango soil survey area:—

(I) A gently undulating sub-Miocene peneplain was carved out of the
pre-Cambrian rocks and was bounded on the east by hilly remnants
of the Kisii Highlands peneplain of probable Cretaceous age. The
sub-Miocene peneplain was completed many millions of years ago.

(2) The sub-Miocene peneplain was dissected by streams and, probably
in Pliocene time, lava and tuffs from the Homa volcano, near the
present shore of Lake Victoria, partly covered the eroded surface.

(3) Since the deposition of these volcanic rocks the land surface has been
faulted in places and the whole region has been dissected to various
depths by the rivers and their tributaries. Recent rejuvenation of the
streams has caused them to deepen their valleys, and in many places
they are running now over bedrock.

During the millions of years following the formation of the sub-Miocene
peneplain, deep soils were formed on the nearly level surface, and the under-
lying rocks were weathered to many tens of feet deep. The deep soils and
weathered rocks were dissected by streams and only the weathered rock and
some resistant laterite horizons remained as evidence of the former deep
soils. Possibly parts of the Magina laterite on the highest ridges (mostly east
of the surveyed area) may have developed during this long period, and cer-
tainly some of the decayed pre-Cambrian rocks were weathered during
Miocene and Pliocene time. However, most of the Rangwe sandy loam
(“Groundwater Laterite™) soil must have developed after dissection of the
sub-Miocene peneplain, because most of this soil lies on hillsides flanking
the valleys, while many of the higher hill crests, above the Rangwe sandy
loam, are capped by little weathered bedrock. At most, we can say, that only
the “roots” of some of the Miocene-aged soils have contributed to present-
day soils.
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1"« Pliocene volcanic rocks (basalts and tuffs) smoothed to some extent
the su “ace of the land they covered; but they also, have been more or
less di- ' >cted since they were deposited. Therefore, most of the soils developed
on the "liocene volcanic rocks are of post-Pliocene age. Most of the Kibubu
gravell . loam with its well-developed laterite horizon lies on smooth, high.
ridge ( ps on the Pliocene volcanic rocks. Hence, some of it may have begun
to dev:op as early as late Pliocene time (possibly a million years ago). The
Akijo clay loam, with its thin groundwater or “seep-laterite” horizon is
develoed from tuff below layers of basaltic rocks, on slopes that were cut
into the volcanic deposits in Pleistocene time. The laterite in Akijo clay loam
appears to be still in the process of formation, but it may have begun to
form as early as middle Pleistocene time.

Thus, it seems that some of the laterite may be quite old, but most of it
in the East Konyango area appears to be no more than a few tens of
thousands of years old.

Soils on the stony ridge crests are mostly young and weakly developed,
but small remnants of weathered rock remain as evidence of old deep soils
long since destroyed by erosion:

The Grumusols range in age from late Pleistocene, as in the case of
Kibigori clay loam, to possibly somewhat older in the Ongeng soils of the
smooth uplands. We do not have satisfactory evidence for close geologic
dating of the Grumusols. Kibigori clay loam is in a valley 1} miles east of
Imbo, where it is developed from clay and volcanic ash that partially filled
the valley in late Pleistocene time. The area is now drained by Ogweo River.

The Langi loam, a Planosol, is on the smooth upland, overlying Pliocene
volcanic rocks, and it might conceivably have begun to develop in early
Pleistocene time. Similar Planosols, like Ndhiwa and Nyamauro loams, are
on long, gentle, fan-like slopes adjacent to the rivers. These surfaces could be
no older than middle Pleistocene. The soils have morphology that would
place them in the category of strongly solodized Solonetz, but they are acid
in reaction and rather low in exchangeable sodium, and for this reason were
classed as Planosols.

We regret that time for field work was too limited to enable us to make
a sufficiently detailed and careful study of the different land forms to permit
a better estimation of the time factor involved in each of the soils. We must
be content to state that few, if any, soils antedate the Pleistocene, and that
a large share of the land surfaces achieved essentially their present form in
the late Pleistocene (probably on the order of 15,000 to 40,000 years ago).
Soils of a few narrow flood plains are actively accumulating now.
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VII—CLASSIFICATION OF EAST KONYANGO SOILS

Differences in moisture régime engendered by gradient and shapcs of
slopes cause important morphological differences in soils. As mentioned
earlier, where slopes are long, lateral movement of water from the top ¢ the
slope to the lower part tends to keep the soils in the lower areas in a <> me-
what poorly drained condition, similar to the flat and depressed lowl:nds.
The Ndhiwa loam is a good example of this. It lies downslope from the
highly permeable Rangwe sandy loam from which it receives extra water.
The typical soil has a highly leached light grey surface horizon underlain by
a heavy claypan subsoil. It has the morphology of the Planosol soils of
the United States, but its mode of development is questionable. One of the
hypotheses for its development relates to the effects of exposure to
salts which have been dissolved from the higher-lying soils and rocks and
carried downslope to areas of seepage where they were concentrated
temporarily by evaporation'and transpiration. Through the influence of the
excess sodium, these salty soils were then converted to Solonetz and later to
solodized-Solonetz soils. By continued leaching and gradual replacement of
the sodium ions by hydrogen, these soils have reached their present state.
They still retain most of the physical characteristics of typical solodized-
Solonetz soils, but they have lost much of their sodium and are now medium
to strongly acid throughout. Salt licks that persist on some of the lower slopes
in a number of places throughout the area, an appreciable amount of salt in
soils such as the Rarage series which occur along local drainageways, pro-
vide evidence that these soils may have gone through this process of saliniza-
tion, alkalization and dealkalization or solodization. If these soils have gone
through this process, they are then more closely related genetically to the
Solod (Soloth) soils than to Planosols, since the Solod is the end product of
solodization. The Solod is strongly acid throughout and most of the clay
has been removed, with only the structure remaining as evidence of its
former condition. Since these soils still retain their heavy claypan B horizons
they are called Planosols in this report, because their morphology is like
Planosols. In any case, strongly solodized Solonetz soils are much like Plano-
sols in both physical and chemical properties.

At the line of contact between the Rangwe and Ndhiwa soils, are narrow
bands of Groundwater Laterite soils. They occur characteristically in areas
of fluctuating water tables or periodic seepage. They have leached light grey
A2 horizons underlain by horizons which are high in concretionary oxides
of iron. Since the scale of the base maps and the detail of the mapping did
not allow the separation of these soils they were included in the areas of
Ndhiwa loam.

There are a number of other soils in the survey area which occur on
flat, smooth terraces having morphology similar to the Ndhiwa loam which
may be classified as Planosols. They all have in common the light grey to
grey leached A2 horizon expressed in varying degrees, over strongly




75

column: . clayey B horizons. They are all medium to strongly acid through-
out. Th« Tangi loam is typical of these soils. It occurs on relatively smooth
plains ' Tertiary volcanic rocks, in smooth, slightly depressed areas,
associa'-d with the Rodi and Ongeng soils of the slightly higher, somewhat
better < ained positions. The Misathe and Nyokal are other examples of
soils having similar morphology but are developed from acid igneous rocks.
Nyamauro soil, which is developing from a mixture of clayey alluvium and
volcanic ash of stream terraces, is another example of a soil with similar
characicristics but developing from a different parent material.

Scils in which sodium has surely played a major role in development
are Kuja loam, Marinde clay loam and Olungo clay loam and Rarage loam.
These are true Solonetz. They occur on nearly level stream terraces between
higher gently undulating hills from which they receive not only runoff from
rain but also a considerable amount of water that has seeped downslope
through the higher-lying soils. As it seeps through these higher-lying soils the
water carries with it whatever soluble salts may be present. The effect of the
sodium ion on the clay fraction of the soil has largely been responsible for
the characteristic morphology of the Solonetz. If the calcium content is
relatively low and the sodium content high, the lumps of colloidal clay will
defloculate or separate into individual particles and remain in suspension in
the soil water. The suspended clay particles tend to migrate downward
through the soil and collect at slightly lower levels, leaving the coarser
textured material at the surface. With drying, the clayey horizon takes on a
distinct prismatic or columnar structure. The columns or prisms tend to
become rounded at the top and the frequent movement of water over them
causes them to become highly leached, and a thin light grey to nearly white
siliceous layer develops. These soils have this characteristic morphology.
They have an A horizon 3 to 6 in. thick which overlies a strong coarse
columnar or prismatic clay B horizon. The tops of the columns or prisms
have a very thin sprinkling of light grey siliceous silt. This grey coating also
carries down the cracks between the upper parts of the prisms. In the lower
parts of the prisms the exchangeable sodium is more than 15 per cent of the
total exchangeable bases.

Another extensive group of soils includes the Grumusols or “black
cotton™ soils. These soils are characterized by clay fractions with a high
ratio of silica to alumina. They shrink or crack greatly when drying and
expand correspondingly when they become wet. Laboratory data based on
electrochemical charge distribution of the soil colloids show these soils to
be dominantly of the 2: 1 type lattice clays, which have a high base exchange

capacity.

A number of soils in this area have the above characteristics and can be
considered Grumusols. Konyango clay loam is a typical Grumusol. It is
an imperfectly drained, moderately deep soil developed from volcanic tuff
and basaltic (lava) rocks. It is acid in reaction and moderately fertile. The
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Ongeng soils are intermediate in character between Grumusols and “lano-
sols. They differ slightly from the Konyango series in that they are :iightly
deeper and are developed primarily from basaltic rocks. They are mod-rately
to strongly acid and moderately fertile. Kibigori clay loam is still arother
example of the Grumusols. It is developed from clays interbeddec with
volcanic ash on nearly level stream terraces. Kibigori clay loam is prcoably
the most typical of the Grumusols in that it is only slighlty acid to ncutral
in the surface and it has calcium carbonate concretions in the lower hor.zons.
In this respect it resembles more closely the Grumusols developed from
calcareous clays in East-Central Texas and Oklahoma, U.S.A. (Oakes and
Thorp, 1951) [7].

From the above example, it is readily seen that the Grumusols in the
East Konyango area have in common, parent materials that have a com-
ponent of ferro-magnesium minerals. It is apparent that tuff, basaltic lava
and ash, as well as alluvium derived from these materials, tend to weather
into 2:1 type of clay material under the climatic conditions prevailing in
this area. Soils having dominant 2:1 clays, however, are not confined to the
Grumusols. Many of the Planosols also have similar subsoil morphology,
even including lentil structure. But again, there is a reflection of parent rock,
as some of the Planosols such as Misathe loam, developed from granitic
parent material, exhibits mixed 2:1 and 1:1 clays, especially in the upper
horizons. In some instances there seems to be more 2: 1 clay in the B horizon
which tapers off to a dominant low-silica 1:1 clay as the underlying granite
parent rock is approached. We must point out, however, that ferro-magnesium
rocks weather to mixed sesquioxides of iron and aluminium and 1:1 clays
where climate is humid and the period of weathering is long enough.

Laboratory data in this and the Songhor survey have shown that
granite and granitic gneiss tend ordinarily to weather to 1:1 clay. This may
account for the dominance of 1:1 clay in the lower part of the profile of
Misathe loam. The bulge or apparent accumulation of 2:1 clay in the B
horizon may possibly be ascribed to the movement of soluble materials from
higher to lower horizons in the soil where it recombines to form new
secondary minerals as described by Russell [8]. Dissolved silica moves to
lower horizons within the profile. In a soil such as Misathe loam, which has a
seasonally fluctuating water table, the dissolved silica stays in contact with
the soil for considerable periods of time. This dissolved silica, which may
have moved down the profile by leaching and accumulated in the subsoil
water through drainage from higher areas, may combine with 1:1 clay
minerals to form 2:1 clay minerals. The 2:1 clay minerals appear to attain
their maximum accumulation at a point in the profile where leaching and
the fluctuating water table have been most effective. Although this explana-
tion may be speculative, it appears to be a reasonable hypothesis.

Akijo clay loam and Bhanji clay loam and stony loam, which cover
extensive areas, are soils having quite unusual characteristics. They exhibit
many of the characteristics of the Grumusols, but also contain horizons of
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“lateriiz” ironstone. They are black in colour, slightly acid to neutral, and
are doriinated by 2:1 lattice clays. To a depth of 16 to 20 in. they have
the phsical and chemical characteristics of the typical Grumusol. Below
this is = horizon containing concretionary oxides of iron, some of it indis-
tinguiciable from ordinary laterite. This concretionary horizon varies in
thicknc:s from as little as 2 to 6 in. in the Akijo soils to as much as 6 in.
to 2 ft. in the Bhanji soils. The presence of laterite ironstone in these soils
appear: to be closely connected with the effects of a seasonally fluctuating
water table. The Bhanji soils occur on smooth, low ridges of basaltic (lava)
rocks 111 the north-western part of the survey area. They are shallow (from
20 to 40 in.) over basalt bedrock. Because of their shallowness, the nature
of their clay, and occurrence on relatively smooth slopes, it is not unreason-
able to expect that at certain times of the year these soils are under the
influence of a temporary high water table. The Akijo clay loam occurs on
gently sloping to sloping areas where volcanic tuff outcrops below the
basaltic lavas. In spite of the considerable slope characteristic of most of the
Akijo soils, the soil is subject to periodic waterlogging. Water seeps down-
slope from higher-lying soils causing the entire profile to become saturated
for considerable lengths of time during the rainy season.

A larger group of soils in this area which owe their characteristics to
impeded drainage are what have been called, in the United States in recent
years, the Low-Humic Glei soils (Thorp and Smith, 1949) [11]. A number of
soils in this area appear to fit fairly well into this great group. These soils
have a number of things in common, probably the most characteristic being
the grey and mottled colours which appear in the lower horizons. The degree
of mottling and proportion of grey colour depends on how long the soil has
remained saturated each year. Although these soils are developed from
different parent materials, they all occupy positions in the landscape where
water stands for long periods, or where seepage waters from higher areas
are concentrated. Many of them occupy low areas or swale positions where
they receive maximum surface runoff. Water stands on the surface for rela-
tively long periods following rain. Some of them, such as Okok clay loam
and Oboke clay loam (see Appendix) occupy alluvial fan positions where
seepage from higher-lying soils is at a maximum. Probably the best example
of the Low Humic Glei soils is Mirogi clay. It is developed from fine-textured
sediments interlayered with volcanic ash. These clayey sediments and ash
have accumulated as small valley fills along the tributaries to the major
drainage systems. They have very dark grey to black clay surface soils which
are underlain by strongly mottled clay having lentil structure. The colloid
fraction is predominantly of the 2:1 type.

Kibugo loam, developed from basaltic (lava) rocks and volcanic tuff is
also a Low Humic Glei soil. It occurs on low swale positions in association
with the Rodi and Ongeng soils on the large basalt plain in the northern part
of the survey area. Besides exhibiting mottles and being gleyed, the Kibugo
soils often have iron-oxide and manganese concretions in the lower horizons.
Here also, the colloid fraction is dominated by the 2:1 type.
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Oboke clay loam and Okok clay loam, as previously mentioned. are
other examples of the Low Humic Glei soils. Oboke clay loam occurs on
gently sloping fans where the parent material is derived from a mixture of
weathered rhyolite and volcanic ash. It occurs downslope from the Ra:gwe
soils and receives considerable seepage from these higher lying soils during
the rainy season. Okok clay loam occurs on footslopes below outcrops of
basaltic materials and is developed from basaltic lava and volcanic tuff. It is
strongly mottled and has many iron-oxide concretions. It differs in several
respects from the typical Low Humic Glei soil. First of all, it is dominated
by red hues which ordinarily is an indication of better drainage. Secondly, the
clay fraction of this soil is dominated by the 1:1 type which is in strong
contrast to the other Low Humic Glei soils of the East Konyango area.
However, in the actual mapping of this soil it was readily seen that the
drainage characteristics were so complex and difficult to identify that it was
impossible to separate the wetter areas from the drier ones on a map of the
scale of the East Konyango survey. The profile of Okok clay loam described
in the Appendix is typical only of the drier part of this soil. The wetter
parts are less red and are much more gleyed in the lower horizons.

Rangwe sandy loam profile.

Mention has been made earlier of the occurrence of large areas of land
with laterite horizons in the soil. These soils occur on ferro-magnesium rocks
as well as on granites and rhyolites. Rangwe sandy loam, with its strongly
developed laterite horizon, is the most extensive of these soils. It is developed
from rhyolite. It occurs on gently undulating to sloping areas in the eastern
part of the survey area. Magina loamy coarse sand, developed from granite
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is much less extensive but also exhibits well pronounced laterite ironstone
horizos. Kibubu gravelly sandy loam, with similar characteristics, is derived
from basaltic (lava) rocks. As previously explained, the laterite ironstone
horizons are products of weathering, probably under the influence of a
seasonilly fluctuating water table.

The clay fraction of these soils is mixed 2:1 and 1:1 lattice clays with
1:1 generally dominating. The laterite horizons are dominated by sesquioxides
but do contain surprisingly large amounts of 2:1 lattice clay, the amount
of 2:1 colloid depending largely on the nature of the parent rock. As men-
tioned carlier, materials derived from ferro-magnesium rocks in this area tend
to weather into 2:1 clay, while those derived from siliceous rocks such as
granite go more into 1:1 clay. Rangwe sandy loam and Magina loamy coarse
sand are dominantly mixed sesquioxide, and 1:1 clay with only small amounts
of 2:1. Kibubu gravelly sandy loam, on the other hand, exhibits mixed 2:1
and 1:1 colloids. The sesquioxides dominate and generally there is a marked
increase in the amount of 2:1 clay as the weathered basaltic rock is
approached. In some instances all that remains is 2: 1 and sesquioxides.

In the preceding discussion we have attempted to explain in part the
mode and origin of development of the soils of the East Konyango area. For
detailed descriptions and chemical data of the various soils the reader is
referred to the Appendix.

The American Soil Survey is, at the present time, undertaking a complete
revision of the Soil Classification Scheme. To date, August, 1959, this scheme
has not been approved for general use. Consequently, in Table VII we have
classified the soils of the East Konyango area into Great Soil Groups based
on the 1938 system of classification of the American Soil Survey [1] and on
the more recent revisions of this system. This system has undergone changes
from time to time, probably the most recent large scale change occurring in
1949 [11]. We fully realize the inadequacies of this system, especially when
applied to equatorial regions. However, we feel that this survey has helped
to point out some of those inadequacies and offers further proof of the need
for a more thorough, comprehensive, soil classification scheme. Nevertheless,
the soils of the East Konyango area do have much in common with the great
soil groups mentioned.

Soils classed as belonging to the Groundwater Laterite group probably
developed under periodic high water table. Most of them are now at least
moderately well drained and the laterite horizon is largely relict. Upper
horizons in these soils bear little resemblance to Marbut and Manifold’s
Groundwater laterite soil of the Amazon Basin. These horizons are composed
largely of material that has been worked over by termites.

In Table VI the soils of East Konyango are classified tentatively by great
soil groups; and the parent material, relief and drainage are given for each
series. The effects of the remaining two factors of soil formation, vegetation
and climate are not discussed because they are relatively uniform throughout
the area and do not account for broad differences among soils.
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LEGr D ¥OR SoiL MAP OF THE EAST KONYANGO SURVEY AREA—SOUTH NYANZA

Correlated Name

Symbol
on Map_

Akijo clay loam, 0 to 3 per cent slopes
Akijo clay loam, 3 to 8 per cent slopes
Akijo clav 1oam, 8 to 13 per cent slopes ..
Akijo cluy loam, mod. eroded 8 to 13 per cent slopes
Akijo clay loam, 13 to 20 per cent slopes 4
Alluvial soils, undifferentiated .
Bhanji clay loam, O to 3 per cent slopes
Bhanji ciay loam, 3 to 8 per cent slopes
Bhanji siony loam, 0 to 8 per cent slopes
Bhanji smny loam, 8 to 13 per cent slopes
Eroded Salt Licks and Volcanic Ash
Kibigori clay loam, 0 to 3 per cent slopes
Kibubu gravelly sandy loam, 0 to 8 per cent slopcs
Kibubu gravelly sandy loam, 8 to 13 per cent slopes
Kibubu stony loam, 0 to 8 per cent slopes
Kibugo clay loam, 0 to 3 per cent slopes ..
Kibugo clay loam, 3 to 8 per cent slopes ..
Konyango clay loam, 0 to 3 per cent slopes
Konyango clay loam, 3 to 8 per cent slopes
Kuja loam, 0 to 3 per cent slopes ..
Langi loam, 0 to 3 per cent slopes
Langi loam, 3 to 8 per cent slopes
Magina Ioamy coarse sand, 0 to 8 per cent slopes
Magina loamy coarse sand, 8 to 13 per cent slopes
Marinde clay loam, 0 to 3 per cent slopes .
Mirogi clay, 0 to 3 per cent slopes . R
Misathe sandy loam, 0 to 3 per cent siopes
Misathe sandy 1oarn. 3 to 8 per cent slopes
Ndhiwa loam, 3 to 8 per cent slopes
Nyamauro loam, 0 to 3 per cent slopes
Nyamauro loam, 3 to 8 per cent slopes ..
Nyangu stony sandy loam, 0 to 8 per cent slopes
Nyangu-Magina complex, 3 to 13 per cent slopes
Nyokal sandy loam, 0 to 3 per cent slopes
Nyokal sandy loam, 3 to 8 per cent slopes
Obiero sandy clay loam, 3 to 8 per cent slopes
Oboke sandy clay loam, 3 to 8 per cent slopes
Okok clay loam, 3 to 8 per cent slopes
Okok clay loam, 8 to 13 per cent slopes
Olungo clay loam, 0 to 3 per cent slopes ..
Ongeng clay loam, 0 to 3 per cent slopes ..
Ongeng clay loam, 3 to 8 per cent slopes ..
Ongeng loam, 0 to 3 per cent slopes
Ongeng loam 3 to 8 per cent slopes ;
Ongeng sandy loam, O to 3 per cent slopea
Permanent Swamps ..
Rangwe clay loam, colluvial 'variant 3 to 8 per cent slopes
Rangwe sandy loam, 0 to 3 per cent slopes !
Rangwe sandy loam, 3 to 13 per cent slopes
age loam, mod. salme 0 to 3 per cent slopes
Rodi clay loam, 0 to 3 per cent slopes
Rodi clay loam, 3 to 8 per cent slopes ..
Stony land (Basaltic rocks), 8 to 20 per cent leIJGS .
Stony land (Basaltic rocks), greater than 20 per cent slopes
Stony land (Kavirondian conglomerates), 0 to 13 per cent slopes
Stony land (Kibubu soil materials), 8 to 20 per cent slopes
Stony land (Siliceous rocks), 0 to 8 per cent slopes .
Stony land (Siliceous rocks), 8 to 20 per cent slopes

Acl-A
Acl-B
Acl-C
Acl-C-2
Acl-D
A
Bel-A
Bcl-B
Bst-AB
Bst-BC
ES
Kbec-A
Kgl-AB
Kgl-C
Kst-AB
Kil-A
Kil-B
Kcl-A
Kcl-B
Kul-A
LI-A
LI-B

. | Mls-AB
Mls-BC

Mcl-A

0l A

Onc-A
Onc-B
Onl-A
Onl-B
Ons-A

Rac-B
Ral-A
Ral-BC
Rgl-A
Rcl-A
Rcl-B
Sb-CD
Sb-E
Sml-AC
Stk-CD
Ss-AB
Ss-CD
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VIII-APPENDIX

In 1.0 following pages we present detailed technical descriptions and
chemica! znd physical data of most of the important soils of the East
Konyanc: Survey Area, designed primarily for the use of soil scientists
intereste<: in soils of tropical highlands. For the benefit of those who are not
soil scier 'ists but who wish to go into the details of the soils of this region
we appe:d a few notes regarding terminology. The soils are described in
terms of (exture, structure, consistence and colour.

~ The term “soil texture”, as used by soil scientists, has to do exclusively
\v\:’lth the proportions of different particle sizes in the soil mass under con-
sideration. and a separate texture designation is given for each layer or
horizon of soil in which there are significantly different proportions of these
particle sizes. The major particle sizes recognized are called gravel, sand, silt
and clay. Without going into the minor details already familiar to soil
scientists. we say simply that gravel consists of small stone fragments 2 mm.
to 75 mm. in diameter. Sand covers the range from just less than 2 mm. to
about .02 mm. When making fine distinctions the sand fraction is classed as
very coarse, coarse, medium, fine and very fine, according to systems that
differ slightly in different countries and which we do not need to discuss
here. Silt is a mineral material of about the consistence of flour, with particle
sizes ranging from less than .02 mm. to more than .002 mm. Any minerals
or particle sizes less than .002 mm. are classified by soil scientists as “clay”,
regardless of their composition, although in the strict sense only certain
silicates should be considered as true ‘“‘clay minerals”. “Clay”, as used here,
then, includes the true silicate clay minerals as well as various crystalline and
amorphous silicates and sesquioxide hydrates. This is a technical detail we
do not need to discuss here, except to say that even very finely divided more
or less hydrated iron oxide is grouped with the clay fraction when mechanical
analyses of soil are made, even though iron oxide, strictly speaking, is not a
true clay mineral.

In establishing texture classes, different ranges of proportions of the
different particle sizes are grouped into texture classes which carry such
names as sand, loamy sand, sandy loam, loam, silt loam, clay loam, clay, etc.
For instance, the term “loam” applies to well-balanced mixtures of sand, silt
and clay particles. Most loam soils are rather easily tilled. Clay loams have
more clay than either loams or silt loams. Silt loam has more silt than loams;
it has the same amount of clay as loam, but less sand. “Clay” as a texture
term differs from “clay” as a particle-size term. Soil of “clay texture” may
carry as little as 40 per cent of clay-sized particles. This is because of the
great effect the clay-sized particles have on the cultivation of soil.

The mineral particles of practically all soils are grouped or bunched
together into larger particles of various sizes and shapes and of varying
degrees of firmness. This grouping of mineral and organic particles in the
soil is described as “soil structure”. The individual clumps of soil minerals are
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known as aggregates or, more briefly, as “peds”, and they are given names
according to shapes and sizes. Again, without attempting to list all of the
different structure peds we can mention the names of the major classes which
give some idea of shapes and sizes. The terms are taken from the Soil “urvey

Manual of the United States Department of Agriculture, Handbook 1.0. 18
(1951).

The chief structure adjectives are the following : —

Platy—in which peds are thin, flat flakes or plates, usually oriciitated
in a horizontal position.

Prismatic—in which peds are roughly prism-shaped and orientated
vertically in the soil with sizes ranging from about 10 mm. to more
than 100 mm. in diameter. Where the prisms are round-topped they
are classified as “columnar” and have the same size ranges as
typical prismatic peds.

Blocky—the mineral particles of some soil horizons are clumped in
more or less angular blocks, some of which are cuboidal in shape
and some of which are irregular. These blocky peds range in size
from less than 5 mm. to more than 50 mm. Some blocky peds are
sharp-angled on one or more edges and rounded on others, and
are called “subangular blocky” or “nuciform” (nut-shaped) peds.
They have the same size range as the more angular blocky peds.
Lentil or lenticular structure comprises roughly lens-shaped blocks
with sharp edges and in sizes ranging from 5 mm. to at least
300 mm. across.

Granular—peds are those which are roundish in shape throughout and
are firm in consistence and range from less than 1 mm. to more

than 10 mm. in size. For agricultural purposes granular structure
usually is ideal.

Crumb structure—peds are of the same shapes and sizes as granular

peds, but they are more porous and are easily crushed and
destroyed.

Massive—the soil behaves as a coherent mass without separate peds.

Single-grain—the individual soil particles are separate from each other
and the soil is loose and incoherent, without peds.

Most of these terms appear in the following descriptions.

Consistence terms have to do with the response of the soil to pressure
in the fingers. Soil consistence is extremely important to the farmer because,
in combination with texture and structure, it determines the ease or difficulty
of tilling the soil. Such terms as brittle, crumbly dense, fluffy, mealy, mellow
and so on are plain English terms and easily understood. Consistence also
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covers the degree of stickiness, plasticity and hardness of the soil, especially
under dil’crent moisture conditions.

Soil ~olours in themselves mean relatively little, but they are often cor-
related v.i'h other soil properties which are extremely important to the agri-
culturist. “urthermore, colour is the first thing noted about the soil by most
people. i «perience has shown, however, that no two people will give exactly
the samc name to the colour of a soil, or of anything else for that matter,
unless there is some sort of standard on which to base the colour name. The

Munsell Colour Company, an endowed non-profit organization in Baltimore,
Maryland. U.S.A., has issued a set of soil-colour charts, with standardized
names, ior the use of soil scientists. In the following soil descriptions standard

colour names, along with an accurate measure of the colour of each soil
horizon, are given. The colour charts consist of a series of sheets, each of
which contains from 20 to 30 blocks or “chips” of standardized colours of
a given hue or dominant wavelength of light. Each of the hues is modified
systematically from chip to chip to give dark and light colours and greyish to
strong colours, all of the same wavelength. Those who have the colour charts
are already familiar with the abbreviations. Those who do not have colour
charts can gain a good idea of the soil colour from the plain English names.
Soil colours are nearly always described both in the dry and moist state,
because they are nearly always different. However, the hue or wavelength
reflected by the soil almost always remains constant in the moist and dry soil
and the difference in colour is usually one of degree of darkness or lightness.
The lighter colours are characteristic of the dry soils and the darker colours
are characteristic of moist soils. Where chromas are strong or high the differ-
ence between wet and dry soils is likely to be small, unless the soil contains
considerable amounts of organic matter. Greyish soils are likely to change
from one to three steps in darkness from the dry to wet state. It will be noted
in the descriptions that the same colour name may cover two or three
adjacent chips on the colour chart. There are too many colour variations
for each to have a separate name.

The soil descriptions were made from pits dug in representative areas of
each type of soil studied. In most instances pits were dug to a depth of 5 ft.
and then a 4-in. auger hole was dug at the base of the pit to varying depths
according to the type of soil. Samples were selected from each recognizably
different horizon in the soil profile and were submitted to the laboratory for
analysis. The analyses made were for particle size—composition (texture) of
the soil, pH, and for the “surface chemistry”, which has to do with the more
or less active elements in the soil. No attempt was made to make complete
analyses of the whole soils, and for this reason we can give no figures for
total phosphorus, alumina, iron, etc., in the soils.

The soil samples were air dried and ground to pass a 2 mm. sieve. The
particles held on the 2 mm. sieve were recorded as “per cent gravel”. For
the determination of organic carbon and total nitrogen, a sub-sample was
taken and ground to pass a 40-mesh sieve. The Kjeldahl method was used
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for total nitrogen and the Walkley-Black method was used for total < rganic

carbon. The 2 mm. ground soil was used for the physical analyses ¢nploy-
ing the hydrometer method. The soil pH was determined in a 1:! soil:

water ratio, measured after periodic stirring for one hour and using - glass

electrode.

Phosphorus, calcium, magnesium, potassium, sodium and mangzanese
were determined on a 1:5 soil: (1IN H Cl — .025N H.SO.) extractant without
repeated leaching. Exchangeable sodium following the U.S.D.A., Agriculture
Handbook No. 60 procedure was also determined on representative sets of
samples including, where possible, those whose sodium content by the
routine extraction procedure was found to exceed 2 me/100 ml or those

soils having morphological indications of solonetz conditions. Much higher
sodium recoveries were obtained by the Handbook No. 60 procedurc than

by the routine single dilute acid extraction procedure from soils whose avail-
able sodium contents were high. On such soils the ammonium acetate
extraction indications of the Agriculture Handbook No. 60 method accorded
much more satisfactorily with field morphology interpretation than the
routine procedure.

The exchangeable aluminium, hydrogen and cation exchange capacity
(CEC), were determined by barium chloride triethanolamine buffered at
pH 8.1-8.2. The anion exchange capacity (AEC) was measured from the
phosphorus retained by soil after phosphating and establishing equilibrium
at its pHe value. The CEC was also determined on the phosphated soil used
for the AEC determination, its value being designated the maximum cation
exchange capacity (CECm). On a separate sample, pretreated with Hcl the
quantity of barium absorbed from barium chloride was taken as a measure of
permanent charge (CECp). This value was expressed as a percentage of CEC,
viz. (CECp/CEC).100 and then rounding out to the nearest unit of ten. This
value is recorded in the tables by the first figure in the “charge distribution”
columns.

The other three sets of figures in the “charge distribution” columns

denote the percentages rounded out to the nearest unit of ten, of net negative,

combined or countered negative and positive and net positive charge. The
principal use of such data is to obtain an indication of the colloidal con-

stitution of soils as given in detail by Mehlich er al. (Mass analysis methods
for soil fertility evaluation; Kenya Department of Agriculture, 1959.)

These values are calculated from exchange data as follows: —

(1) CECm - CEC=me% net positive charges; these are mainly
attributed to sesquioxide-hydrates.

(2) (AEC - me 9% net positive charges) x 2=me % combined or countered
charges; these are mainly attributed to 1:1 lattice material.

(3) CEC - (AEC - net positive charges)=me% net negative charges:
these are mainly attributed to 2:1 lattice material and organic
matter.
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Foo presentation of the charge distribution data, the sum of items (1),
(2) and (%) (which in fact is identical with the combined cation and anion
exchan:c capacities) was divided into the content of each respective charge
and the results expressed as percentages. The percentages thus found were
rounde« 1o the nearest unit of ten and recorded in a conventional manner;
viz. permanent charge - net negative : combined or countered : net positive.

In illustration, the figures 4-7:1:2 indicate that approximately 40 per
cent of the cation exchange capacity is attributable to permanent charge, and
of the combined cation and anion exchange capacities 70 per cent is
associated with net negative charges, 10 per cent with combined or countered
positive and negative charges and 20 per cent with net positive charges.
The 70 per cent associated with net negative charges stem from montmorin,
hydrous mica, vermiculite, other three-layer minerals and from organic
matter. The 10 per cent associated with countered charges stem from kaoli-
nite, haloysite and amorphous materials of the allophane type. The 20 per
cent associated with net positive charges stem from gibbsite, hematite, goe-
thite and reactive amorphous sesquioxide hydrates. Specific identification of
the individual colloid constituents contributing to each charge class and
actual quantitative estimation of colloidal constituents of the soil are not
possible under this scheme. The analytical data for each type is tabulated
in the appendix either in the body of or as near the description of the series
to which they belong as printing requirements permit.

Further information on some of the soils described in the appendix can
be found in the soil descriptions and an appraisal of the nutrient status of
their surface soils can be found in the fertility evaluation discussion in the
main body of the report. These should be sought there.

SOIL SERIES, DESCRIPTIONS AND ANALYTICAL TABLES

AK10 SERIES

The Akijo series consists of moderately well drained dark coloured soils
with thin laterite horizons, developed from tuff. They occur on gently sloping
to sloping hillside areas under open grass-type vegetation. Akijo soils are
shallow Grumusols—Ground-Water Laterite intergrades.

Akijo soils have black clayey surface horizons underlain by well deve-
loped dark coloured B horizons which grade into thin reddish-brown (black
inside) laterite concretionary layers and then pass abruptly into weathered
tuff,

The Akijo soils are similar to the Bhanji soils but differ from them in
having greyer C horizons. The laterite horizons are also thinner and less well
developed in the Akijo soils. The Rodi soils are associated with the Akijo
soils but are formed from basalts and lack the grey C horizon and the laterite
horizons.
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The Akijo soils occur at elevations of 4,400 to 4,500 ft. in a chmate
having a mean annual precipitation of 45 to 50 in. with marked wet and
dry seasons. They are mapped near Mirogi and Okok.

Soil Profile: Akijo Clay Loam
Lab. No. 3994/1958: Al: O to 5 in.

Very dark grey (7.5YR 3/1) clay loam; black (7.5YR 2/1) when
moist; strong, fine, subangular, blocky structure; hard, dry; firm, moist;
sticky and plastic, wet; abundant fine and medium roots; approximately
10 per cent fine brown “buckshot”; slightly acid (pH 6.1); abrupt smooth
boundary. 4 to 7 in. thick.

Lab. No. 3995/1958: B21: 5 to 18 in.

Very dark grey (7.5YR 3/1) clay loam; black (7.5YR 2/1) when
moist; strong, medium, angular, blocky structure; hard, dry; firm, moist;
sticky and plastic, wet; abundant fine and medium roots; approximately
5 per cent fine brown “buckshot” concretions; medium acid (pH 5.9
abrupt wavy boundary. 12 to 14 in. thick.

Lab. No. 3996/1958 : B2ir: 18 to 24 in.

Grey (10YR 5/1) gravelly (concretions) clay loam, dark grey (10YR
4/1) when moist; weak, medium, angular, blocky structure; 20 per cent
dark brown (7.5YR 4/4) and 10 per cent very dark grey (7.5YR 3/1)
mottles; consistence as in horizon above; plentiful medium roots; approxi-
mately 40 per cent reddish-brown concretions; slightly acid (pH 6.1);
abrupt wavy boundary. 5 to 7 in. thick.

Lab. No. 3997/1958: C: 24 to 30 in.

Strongly weathered tuff of sandy loam texture which has very dark
grey (7.5YR 3/1) clay skins on fractured surfaces; has a few medium
roots; neutral (pH 7.1).

Range in Characteristics—Chief variations are in the depth to the under-
lying tuff and the amount of concretionary material in the horizon above the
tuff. The depth to the tuff ranges from 20 to 40 in. The concretionary horizon
(B2ir) varies in thickness from 2 to 6 in., and it is not uncommon to find this
horizon completely missing from the profile.

Relief—Gently sloping to sloping uplands with slope gradients from
about 4 to about 8 per cent.

Drainage—Moderately well drained, medium run-off dry seasons and
rapid in wet seasons; internal drainage is slow to medium depending upon
the time of year.

T Py T
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Ve etation—Mainly grass, Pennisetum catabasis dominant species.

U:z—Most of the Akijo soils are used for pasture, but small areas are
plantec fo maize and sorghum.,

Distribution—Mapped in the Mirogi and Okok areas of the East Kon-
yango rcgion, South Nyanza Province.

Iype Location.—Along the road to the Okok chief’s camp, approxi-
mately quarter of a mile south of the experimental sugar-cane plots. Map
grid refcrence GZU 136257.

Series Established—March, 1959.

Source of Name.—Akijo stream.

BHANII SERIES

The Bhanji series includes shallow Grumusolic soils with laterite horizons
developed on smooth, gently sloping, low ridges of basaltic (lava) rocks. They
occur on nearly level to gently sloping areas at elevations of from 4,000 to
4,500 ft. The series was first described and the type profile was set up near
Songhor (Thorp, J., et al., Soil Survey of the Songhor Area, 1960, Government
Printer, Nairobi).

The Bhanji soils closely resemble the Akijo soils. They have nearly black
clayey surface soils which are underlain by a very dark brown to black clayey
B horizon. This clayey B horizon merges with a thin layer of concretionary
ironstone or murram. Basaltic bedrock occurs at depths of from 20 to 40 in.
The Akijo soils differ from Bhanji soils in that they exhibit greyer subsoil
horizons, have less well pronounced laterite horizons and are developed from
tuff,

The Bhanji soils occur on slightly higher ridges in association with the
Rodi and Akijo soils.

Soil Profile: Bhanji Clay Loam

A: 0to 6 in.

Very dark grey (10YR 3/1) clay loam, black (10YR 2/1) when
moist; strong medium subangular blocky structure; slightly hard, dry;
friable, moist; slightly sticky and slightly plastic, wet; abundant roots;
clear smooth boundary.

B2: 6 to 24 in.

Black (I0YR 2/1.5 dry and moist); strong to medium angular blocky
structure breaking to strong fine angular blocks; hard, dry; firm, moist;
sticky and plastic, wet; thick continuous clay skins on all ped faces;
plentiful roots; clear boundary.
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B2ir: 24 to 33 in.

Dark greyish-brown (10YR 4/2) gravelly clay loam, very dark
greyish-brown (10YR 3/2) when moist; approximately 30 per ce:l red-
black iron-oxide concretions; gradual boundary.

C: 33to36in. +
Concretionary oxides of iron and perhaps manganese with approxi-
mately 20 per cent by volume of fine earth which fills the interstices.

Range in Characteristics—Chief variations are in the depth to the under-
lying basalt and the thickness of the concretionary horizon. The depth to the
basalt usually ranges from 20 to 40 in. The concretionary horizon (B2ir) varies
in thickness from 2 in. to several feet. Texture of the surface soil varies from
clay loam to loam.

Relief—Nearly level to gently sloping uplands with slope gradients from
about 2 to 8 per cent.

Drainage.—Medium to slow run-off; slow internal drainage.

Vegetation.—Grassland vegetation; Pennisetum catabasis dominant
species.

Use.—Most of the Bhanji soils are used for pasture, but small areas
planted to maize and sorghum were observed.

Distribution—Mapped in small scattered areas in the north-western part
of the East Konyango area, and near Muhoroni and Songhor, Central Nyanza.

Location of Profile Described Here.—Approximately quarter of a mile
north-west of Rodi in northern part of the East Konyango survey area. Map
grid reference GZU 226313.

Type Location.—Approximately 250 ft. south of the Bhanji Store.
Songhor. Map grid reference HZN 365914.

Series Established —September, 1958.
Source of Name.—Bhanji Estate, Songhor.
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KIBIGORI SERIES

The Kibigori series consists of very deep, imperfectly drained Gru usols,
developed from fine-textured sediments and volcanic ash. They occur on
nearly level stream terraces and lake beds and swamps under a savann: h-type
high grass vegetation. Parent material is derived mainly from the bas. it-type
rocks of the catchment area. The series was first described and th: type
profile was set up near Muhoroni (Thorp, J., e al., 1960, Soil Survey of the
Songhor Area, Government Printer, Nairobi).

The Kibigori soils are characteristically black to very dark grey in the
A horizon, with nearly black, moderately developed prisms in the B horizons.
The C horizons are dark grey to grey of 10YR hue, and are noted for the
lenticular structure and presence of lime concretions. In many places, where
the stream has cut deep banks, beds of volcanic ash are to be seen.

The Kibigori soils in the East Konyango area ar¢ geographically
associated with the Rodi and Ongeng soils. Large acreages of Kibigori clay

were first mapped in the Songhor area. Both the Rodi and Ongeng soil profiles

have no lime concretions and are residual from basaltic rocks at various -

depths and occupy nearly smooth plains and gently sloping ridges at some
what higher elevations.

The Kibigori soils occur at elevations of about 4,350 ft. in a wet-dry

climate having a mean annual precipitation of 45-50 in. The Kibigori series

is mapped in large continuous bodies along the upper Ogweo stream in the -
East Konyango area, as well as in large acreages in the Muhoroni-Kibigori

regions in the Songhor area.
Soil Profile: Kibigori Clay Loam
Lab. No. 3961/1958: Al: Oto5in.

Black to very dark grey (I0YR 2.5/1) clay loam; moderate, very

fine to fine subangular blocky; hard, dry; firm, moist; slightly sticky and
plastic, wet; abundant fine and medium roots; many yellowish-red con-
cretions due to burning; slightly acid (pH 6.1); lower boundary clear and
smooth. 5 to 6 in. thick.

Lab. No. 3962/1958: B2: 5to 16 in.

Black (I0YR 2/1) clay; moderate coarse prisms breaking to strong,

coarse, angular blocks; very hard, dry; firm, moist; very sticky and very
plastic, wet: plentiful fine roots with some through peds; thick clay skins
on all ped faces, and common fine prominent yellowish-red (SYR 5/6)
mottles; mildly alkaline (pH 7.6); clear smooth boundary. 11 to 12 in.
thick.
Lab. No. 3963/1958: B3: 16 to 26 in.

Very dark grey to dark grey (I0YR 3.5/1) clay; strong, medium.

angular blocky; very hard, dry; very firm, moist; very sticky and very
plastic, wet; plentiful fine roots; a few thin clay skins and many slicken

side faces; has 10 per cent fine brown-black concretions; moderately
alkaline (pH 8.1); lower boundary gradual and wavy. 10 to 11 in. thick.
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Lab. No.3964/1958: Cca-1: 26 to 55 in.

Jark grey to grey (10YR 4.5/1) clay; strong medium to coarse
len: ular structure; consistence as above; plentiful fine roots; some
flati-ned between peds; contains many rounded lime concretions of } to
# ir.. in size mainly in the lower part of horizon; mainly calcareous; mildly
alkoine (pH 7.8); gradual wavy lower boundary. 28 to 32 in. thick.

Lab. No. 3965/1958: Cg: 55 to 75 in.

Variegated colours in equal proportions of olive grey (5Y 5/2) and
olive brown (2.5Y 4/2) clay with many black manganese spots and
stains and 10 per cent brownish-yellow mottles (10YR 6/6); strong,
medium, subangular blocky structure; hard, dry; friable to firm, moist;
sticky and plastic, wet; very few fine roots; neutral (pH 7.2); lower
boundary undetermined.

75 in. +
Auger stopped by basalt fioat rock.

Range in Characteristics—Hues in the A horizon are usually 10YR,
but may be 7.5YR, and values may be as low as 2 moist. Structure of the B2
horizon may be strong medium angular blocky instead of prismatic. Colour
and size of mottles vary considerably. Depth to lime concretions is also very
variable as is the occurrence and thickness of the ash beds. Small areas of
sandy clay loam are included in the surface horizon. At Songhor, surface
texture ranged as heavy as clay.

Relief —Nearly level stream terraces, lake beds and old swamps.

_ Drainage.—Imperfectly drained, runoff is slow during most of the year,
internal drainage is slow during the rainy periods and medium during the
drier seasons.

Vegetation—Mostly tall grassy areas with Pennisetum catabasis
dominant and flat topped Acacia sp. along the streams.

Use.—Maize, sugar-cane and pasture. A good soil for cane if managed
Properly.

Distribution.—Known to occur along the upper Ogweo stream in the
East Konyango area, and in the Songhor survey area, Central Nyanza.

Location of Profile Sampled and Described Here.—Soil pit about {-mile
South of Gem peak, map grid reference GZU 251310.

T'ype Location.—2.4 miles north of Muhoroni Station. Map grid reference
HZH 447868.

Series Established.——;Scptember, 1958.
Source of Name.—Kibigori Railway Station, Central Nyanza.
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KIBUBU SERIES

The Kibubu series consists of well-drained dark reddish-brow soils
with strongly developed laterite horizons developed from dark colourc ' fine-
grained basaltic rocks. They occur on broad expanses of nearly I.vel to
gently sloping uplands under a present tall grass-type vegetation. The series
was first described and its type profile was set up near Songhor (Thoop, Ja
et al., 1960. Soil Survey of the Songhor Area, Government Printer, N=irobi).

They are characterized by a dark reddish-brown gravelly sandy loam
solum overlying a horizon which is comprised largely of laterite (iron oxide
concretions). The laterite horizon, in turn, rests upon the parent rock. Many

laterite concretions are present in the horizons above the laterite horizon.

The Kibubu soils are associated with the Bhanji and Akijo soils which
are formed from the same kind of parent rock. The Kibubu soils lack the
clayey B horizon of the Bhanji soils and are lighter textured throughout.
The Akijo soils are darker in surface colour, heavier textured, and more
poorly drained. They also have a laterite horizon, but is not as well
developed as in the Kibubu soils. The Rangwe and Magina soils are closely
related to the Kibubu soils, but have been developed from different types
of parent rocks.

The Kibubu soils occur at elevations of from 4,400 to 4,500 ft. in
the East Konyango area. The climate has a mean annual precipitation of
45 to 50 in. with marked wet and dry seasons.

Soil Profile: Kibubu gravelly sandy loam
Lab. No. 453/1959: Al: 0to 8 in.

Dark reddish-brown (SYR 3/2) dry and moist gravelly sandy
loam; strong medium granular structure; soft, dry; friable, moist; non-
sticky and non-plastic, wet; 5 to 10 per cent fine dark brown iron
oxide concretions; abundant fine and medium roots; clear smooth
boundary; (pH 6.5). 6 to 8 in. thick.

Lab. No. 454/1959: B2: 8 to 14 in.

Reddish-brown (5YR 4/3) sandy clay loam, dark reddish-brown
(5YR 3/3) when moist; strong, medium, granular structure; slightly
hard, dry; friable, moist; sticky and slightly plastic, wet; abundant fine
and medium roots; approximately 20 per cent dark brown iron-oxide
concretions (} to 1 in. in diameter); neutral (pH. 6.6); gradual wavy
boundary. 6 to 8 in. thick.
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Lab. ' 0. 455/1959: B2ir: 14 to 33 in.

ik reddish-brown (2.5YR 3/4) gravelly sandy loam, dark reddish-
brow: (25YR 2/4) when moist with 20 per cent dark red (2.5YR 3/6)
anc .U per cent strong brown (7.5YR 5/8) mottles; massive structure;
plen vl fine roots; neutral (pH 6.6); clear wavy boundary. 19 to 21 in.
thick. Approximately 60 per cent iron-oxide concretions up to 2 in.
in dizmeter which are reddish-yellow on the outside and black on the
inside,
Cl: 33 to 36 in. +

Fine-grained basalt which is weathering to grey clay loam with
redaish-yellow mottles and black manganese oxide skins in the joints.

Range in Characteristics.—The soil varies from 14 to 3 ft. in depth.
Occasional rock outcrops are encountered. Small and large isolated masses
of basalt with weathered coatings are imbedded in the laterite horizon.
Pieces of quartz are also to be found in the laterite. Surface soil includes
small areas of gravelly sandy clay loam textures.

Relief—Nearly level to gently sloping smooth upland plains.

Drainage—Well drained; runoff is medium in dry seasons and rapid
In wet periods; internal drainage is rapid.

Vegetation.—Present vegetation tall grasses; Aristida adoensis, Digitaria
Scalarum, common grass species.

Use.—Most of the Kibubu soils are used for pasture, but many small
patches of the deeper parts are used for raising subsistence and garden crops
such as maize, millet, sorghum, groundnuts, simsim, cassava, sweet potatoes,
Cowpeas and beans.

_ Distribution—In the Songhor area, south of the Songhor hills and
In the north-west area of the East Konyango area.

Location of Profile Sampled and Described Here—In the north-west
corner of the survey area about 300 yards south of the northern boundary

and three-quarters of a mile east of the Lambwe Valley road. Map grid
reference GZU 067272.

Type Location.—Approximately 24 miles south-west of Songhor Post
Office. Map grid reference HZN 429914

Series Established —September, 1958.

Source of Name.—Kibubu Estate, Central Nyanza, near Songhor.
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KBuGo ° riES

The ibugo series consists of deep, somewhat imperfectly drained soils
developer in fine textured residuum from basic igneous rocks. They occur
on nearly lcvel to gently undulating plains. The parent rock most common is
basic da: - grey nepheline basalts.

Kibizo soils are characteristically very dark greyish-brown in the A
horizon. in some places a discontinuous thin A2 lens of grey sandy loam,
containing much hard, manganese “shot”, overlies the B2 horizon. The B
horizons are dark grey to black, fine textured, and have strong subangular
blocky structure with thick clay skins. The C horizons are greyish-brown, fine
textured, and contain mottles and black manganese stains and pieces of
weathercd parent rock.

The Kibugo soils are geographically associated with Rodi, Ongeng, and
stony Bhanji soils. In some places Marinde soil occupies adjacent lower
stream terrace positions.

Kibugo soils closely resemble the Rodi soils as to position and parent
materials, but the C horizons are greyer and wetter and often have a thin
layer of iron-oxide concretions formed over the parent rock. The Akijo soils
are also closely related to the Kibugo soils but are somewhat better drained
and less grey in the C horizon and are formed from volcanic tuffs.

The Kibugo soils occur at elevations of about 4,400 ft. in a climate having
a mean annual precipitation of 45 to 50 in. with marked wet and dry seasons.
They are mapped north of Magina market, and on the nearly smooth plains
east and south of the Obera school road from Magina market.

Soil Profile: Kibugo Clay Loam

Lab. No. 3966/1958: Al: Oto 6 in.

Very dark greyish-brown (I0YR 3/2) clay loam; moderate, fine to
medium granular; slightly hard, dry; friable, moist; slightly sticky and
plastic, wet; abundant fine and medium roots; has many yellowish-red
burnt concretions; strongly acid (pH 5.3); abrupt smooth boundary. 6 to
8 in. thick.

Lab. 3967/1958: A2: 6 to 8 in.

Grey (10YR 5/1) when dry, dark grey (10YR 4/1) when moist,
sandy loam; weak, fine to medium, granular; soft to slightly hard, dry;
very friable, moist; non-sticky and non-plastic, wet; abundant fine and
medium roots; about 30 to 40 per cent of the mass is made up of hard,
round, very fine manganese “shot”; medium acid (pH 5.6); abrupt dis-
continuous boundary. 14 to 2 in. thick.
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Lab. No. 3968/1958: B2: 8 to 20 in.

Dark grey (10YR 4/1) clay, strong, fine to medium sub. ngular
blocky; hard, dry; firm, moist; sticky and plastic, wet; abunc it fine
and medium roots; thick clay skins on all ped faces; 10 per cen' strong
brown (7.5YR 5/6) “shot”; strongly acid (pH 5.2); clear wavy bo. ndary.
12 to 14 in. thick.

Lab. No. 3969/1958: C1: 20 to 30 in.

Greyish-brown (2.5YR 5/2) clay; strong fine to medium sub:ngular
blocky; hard, dry; firm, moist; sticky and plastic, wet; plentiful ‘ine to
medium roots; no clay skins; a few slickensides; common, fine, distinct
strong brown (7.5YR 5/6) mottles; slightly acid (pH 6.1); clear wavy
boundary. 10 to 14 in. thick.

Lab. No. 3970/1958: C2: 30 to 50 in.

Greyish-brown (2.5YR 5/2) clay; structure and consistence as above;
plentiful fine and medium roots; contains many particles of weathered
parent rock and 30 per cent black manganese stains; mottles as above;
neutral (pH 6.7); gradual wavy boundary. 19 to 23 in. thick.

C3: 50in. +
Hard, slightly weathered parent basaltic-type rock.

Range in Characteristics—The thin A2 horizon is not present in all

places. Thickness of solum ranges from 30 to 50 in., with most of it being
about 40 in. Moist surface colours vary from values of 10YR 2/2 to 3/2. The
B2 horizons are often black (10YR 2/1). Amount of “shot” and manganese

stains is variable. Sometimes a very thin loose layer of red-black iron-oxide

concretions lies above the weathered parent rock.

Relief—Nearly smooth to gently sloping upland plains with slopé
gradients of 2 to 5 per cent.

Drainage.—Somewhat imperfectly drained, runoff is medium in dry
periods and rapid in wet seasons; internal drainage is slow when wet and
medium in drier parts of the year.

Vegetation.—Mainly tall grasses of Pennisetum and Hyparrhenia spp.

Use.—Maize, sweet potatoes, cassava, simsim, and small areas of sugar-
cane.

Distribution.—Presently mapped north of Magina market and east and
south of Obera school road in East Konyango area.

NI~

s
]
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Typ. ocation—Sample pit 300 yd. west of Obera School, 200 ft. on
the nort! e of the road and 30 ft. west of a small sugar-cane plot; map
grid refer- nce GZU 209242.

Seric: Fstablished —March, 1959.

Sour-- of Name.—Kibugo stream.

KONYANG® SERIES

The Xonyango series consists of deep to moderately deep imperfectly
drained G umusols developed in fine textured residuum from Tertiary volcanic
materials. They occur on nearly level plains and gently sloping ridges under a
grass-type vegetation, The parent rock most commonly found is tuff, but in
places may be basaltic-type rocks.

Konyango soils have black, when moist, clay loam A horizons and
moderately developed black to greyish-brown prismatic B horizons that
readily break to subangular blocks. The C horizons are strongly mottled, and
have a tendency towards lenticular-type structure, particularly so on the gentle
slopes. The clays are of the shrinking swelling 2: 1 type.

The Konyango soils are associated mainly with Ongeng and Rodi soils.
They are much shallower than the Ongeng soils and lack the very thin dis-
continuous A2 horizon of both the Ongeng and Rodi soils. The Konyango
soils have strongly mottled browner, 10YR hue, C horizons than do either
the Rodi or Ongeng soils. The Kibigori clay loam, a Grumusol, has similar
structure but contains lime concretions which the Konyango soils do not.

The Konyango soils occur at elevations of from 4,400 to 4,500 ft. on a
climate having a mean annual precipitation of 45 to 50 in. with a marked
wet-dry season. They are well suited for sugar-cane production.

Soil Profile: Konyango Clay Loam

Lab. No. 5069/1958: Ap: 0to 7 in.

Very dark grey (I0YR 3/1) clay loam, black (10YR 2/1) when
moist, containing many yellowish-red concretions due to periodic burn-
ing; moderate fine subangular blocky structure; hard, dry; firm, moist;
slightly sticky and slightly plastic, wet; abundant roots; strongly acid
(pH 5.4); clear wavy boundary. 6 to 7 in. thick.

Lab. No. 5070/1958: B21: 7to 17 in.

Greyish-brown (10YR 5/2) clay, dark greyish-brown (10YR 4/2)
when moist; strong, fine to medium, angular blocky structure; hard, dry;
firm, moist; very sticky and plastic, wet; thick clay skins on all ped faces;
plentiful roots; mottled 40 per cent dark grey (10YR 4/1) and 20 per
cent yellowish-brown (10YR 5/4); very strongly acid (pH 4.9); clear
wavy boundary. 10 to 12 in. thick.
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Lab. No. 5071/1958: B22: 17 to 26 in.

Strongly mottled in equal proportions of dark yellowish-t:own
(10YR 4/4), grey (10YR 5/1), and brown (10YR 5/3) clay; strong. fine
to medium, angular blocky structure; hard, dry; firm, moist; very .ticky
and very plastic wet; plentiful roots; very strongly acid (pH 4.8); ‘hick
clay skins on all ped faces; clear wavy boundary. 9 to 11 in. thick.

Lab. No. 5072/1958: B3: 26 to 32 in.

Strongly mottled in equal proportions of brown (I0YR °/3),
greyish-brown (10YR 5/2), dark grey (I0YR 4/1), and yellowish-brown
(10YR 5/4) clay, strong, medium, angular, blocky structure with ten-
dency towards coarse lentils; consistence as above; a few thin clay skins;
contains many broken fragments of weathered tuff; strongly acid (pH
5.2); abrupt wavy boundary.

C: 32to36in. +
Slightly weathered rather hard tuff.

Range in Characteristics.—The chief variation is in the depth of the
soil profile to the parent materials. Thickness of the solum ranges from 30 in.
to about 42 in., with most of it being about 36 in. Moist values of the Al
horizon are usually 2 but increase to 3. Hues are mostly 10YR. Gilgai action
often produces thin tongues of the Al horizon down to 20 in. Thickness of
the B2 horizon ranges from 8 to 20 in. Surface texture includes small areas
of sandy clay loam. Mottles vary greatly.

Relief.—Nearly level to gently sloping plains.

Drainage.—Imperfectly drained. Runoff is slow when soil is saturated
and medium during drier periods of the year. Internal drainage is slow during
the long rainy season and medium during the rest of the year.

Vegetation.—Mainly tall grasses, Pennisetum catabasis dominant; also
present are Beckeropsis uniseta, Hyparrhenia sp., Bothriochloa insculpta,
Cynodon dactylon and Alysicarpus sp.

Use.—Maize, sorghum, cassava, sweet potatoes and some sugar-cane.

Distribution—Mapped in the Ongeng and Okok districts in the East
Konyango area.

Type Location—Okok experimental cane plots. Map grid reference
GZU 131262.

Series Established.—March, 1959,

Source of Name.—Konyango District.
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Kusa SERIES

The Kuja series consists of moderately well drained, deep fine t <tured
Solonetz soils, developed from old alluvium. The alluvium is predomn: nantly
fine textured material with thick layers of volcanic ash present at ' irying
depths. They occupy the first terrace above the Kuja River and are cc afined
to that area covered by dense forest and bush. They occur at elevat ns of
about 4,100 ft., in a wet and dry seasonal climate with a total annual ;-ecipi-
tation of about 45 to 50 in.

|

1

The Kuja soils are characterized by a very dark grey to black loam

surface containing large amounts of organic matter underlain by a ver; dark
greyish-brown prismatic clay B horizon. The tops of the prisms have a distinct
light grey (10YR 7/1) sandy loam coating and thin discontinuous A2 horizons
up to % or 1 in. in thickness are not uncommon in this soil. Volcanic ash is
generally found at depths of 36 to 60 in. The soil profile is extremely to
strongly acid.

The Kuja soils occur in close association with the Olungo soils which
are developed from the same parent material. The Olungo soils occupy the

open grassy park areas adjacent to, or surrounded by, the dense bush, and
exhibit slightly thicker, more pronounced, A2 horizons.

Soil Profile: Kuja Loam

Lab. No. 2905/1959: Al: O to 5 in.

Very dark grey (10YR 3/1) loam, black (I10YR 2/1) when moist;
strong, fine, crumb structure; soft, dry, very friable, moist; non-sticky and
non-plastic, wet; abundant fine and medium roots; medium acid (pH 5.6);
abrupt irregular boundary. 5 to 6 in. thick.

Lab. No. 2906/1959: B21: 5 to 17 in.

Very dark greyish-brown (10YR 3/2) clay, very dark brown (10YR
2/2) when moist; moderate, medium and coarse prismatic, breaking to
medium, angular, blocky structure; hard, dry; firm, moist; sticky and
plastic, wet; tops of prisms have a light grey (10YR 7/1) coating approxi-
mately 4 to 1 in. in thickness, but this grey coating is discontinuous; thin
clay skins on all peds; abundant fine and medium roots; extremely acid
(pH 4.2); clear wavy boundary. 12 to 14 in. thick.

Lab. No. 2907/1959: B22: 17 to 30 in.

Dark brown (10YR 4/3) clay, dark brown (10YR 3/3) when moist;
moderate, medium and fine, angular, blocky structure; thin clay skins on
moist peds; consistence as above; plentiful fine roots; extremely acid
(pH 3.8); clear wavy boundary. 13 to 16 in. thick.
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Lal: vo0.2908/1959: B3: 30 to 37 in.

own (I0YR 5/3) clay, dark brown (I0YR 4/3) when moist;
mo.  ~te, medium and fine, angular, blocky structure; hard, dry; friable,
mo  sticky and plastic, wet; plentiful fine roots; extremely acid (pH 4.0);
abr 1 boundary. 7 to 9 in. thick.

Lal No.2909/1959: C: 37 to 42 in. +

Only slightly weathered pale yellow (2.5Y 8/4) volcanic ash. The
ash .as many dark brown to very dark brown clay skins on fractured
SUrizces.

Range in Characteristics.—The chief variation is in the depth to and
thickness of the volcanic ash. Ash layers may be found anywhere below 26 in.
and may vary from 8 in. to an undetermined thickness. The very thin A2
coating on top of the prisms of the B horizons is discontinuous. Hues in the
A horizon are usually 10YR but are often 7.5YR; most values are 2 and vary
from 3 to 4 when dry. Mottles and manganese stains and concretions vary.

Relief—Nearly level river terraces.

Drainage.—Moderately well drained. Surface run-off is slow, and internal
drainage is medium.

Vegetation.—Very thick dense bush, mainly Carissa sp. and Setaria
chevalieri.

Use.—Not farmed; wildlife habitat.
Distribution.—Confined to thick bush areas along the Kuja River.
Series Proposed. —March, 1959.

Source of Name.—Kuja River.

Type Location.—Sample pit about 100 ft. into the thick bush on tsetse
fly cutting No. 4 along the Kuja River. Map grid reference GZU 139143.

LANGI SERIES
The Langi series consists of somewhat poorly drained Planosol soils

developed in fine textured residuum from basaltic rocks. They occur on nearly
level to gently sloping plains under a high grassland type vegetation.

The Langi soils are characterized by having a well developed A2 horizon,
2 to 10 in. in thickness, which is underlain by a clay columnar B horizon.

The solum is strongly acid.
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The Langi soils are found in rather close association with the R di and
Ongeng soils which are developed from the same parent rocks. Lar zi soils
are found in slightly concave areas and differ from the Rodi and Ongc g soils
in exhibiting thick leached A2 horizons and strongly developed colu nar B
horizons. The Langi soils are similar to the Misathe soils which are decloped
from granitic materials.

Termite mounds cover about 20 per cent of the surface area and tiie soils |
under these mounds are not so strongly leached and exhibited Gru:nusolic
tendencies.

The Langi soils occur at elevations of 4,400 to 4,500 ft., in a climate
having a mean annual precipitation of 45 to 50 in. with marked wet-dry
seasons.

Soil Profile: Langi Loam

Lab. No. 3415/1958: Al: 0 to 3 in.

Dark grey (10YR 4/1) loam, very dark grey (10YR 3/1) when moist
with 15 per cent dark brown (7.5YR 4/5) mottles; weak, medium, fine,
granular structure; soft, dry; very friable, moist; non-sticky and non-
plastic, wet; plentiful fine roots; strongly acid (pH 5.3); clear smooth
boundary. 3 to 5 in. thick.

Lab. No. 3416/1958: A2: 3 to 10 in.

Light grey (I0YR 7/1) loam, dark grey (I0YR 4/1) when moist;
moderate, fine, crumb structure; soft, dry; very friable, moist; non-sticky
and non-plastic, wet; plentiful fine roots; a few fine brown and reddish-
brown mottles; strongly acid (pH 5.4); abrupt wavy boundary. 7 to 9 in.
thick.

Lab. No. 3417/1958: B21: 10 to 23 in.

Dark grey (10YR 4/1) clay, very dark grey (10YR 3/1) when moist;
strong, coarse, columnar, breaking to strong, medium, angular, blocky
structure; very hard, dry; very firm, moist; sticky and plastic, wet; tops
of columns are coated with light grey (10YR 7/1), when dry, sandy loam;
roots confined largely to cracks between columns; a few weathered basalt
fragments and a few brown concretions; thick continuous clay skins
outside of peds; strongly acid (pH 5.1); clear wavy boundary. 13 to 15 in.
thick.

Lab. No. 3418/1958: B22: 23 to 32 in.

Very dark brown to very dark greyish-brown (10YR 2.5/2) clay;
very dark brown (I0YR 2/2) when moist; strong, fine, angular, blocky
structure; very hard, dry; very firm, moist; very sticky and plastic, wet:
few fine roots; thick continuous clay skins; strongly acid (pH 5.2); clear
wavy boundary. 10 to 12 in. thick.
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Lab. 7o, 3419/1958: B23: 32 to 43 in.

¢ icyish-brown to light brownish-grey (10YR 5.5/2) clay; dark
greyi: -brown (I0YR 4/2) when moist; strong, fine, angular, blocky
strucl.r¢; consistence as above; few fine roots; a few thick discontinuous
clay « “ins; very strongly acid (pH 4.8); clear wavy boundary. 11 to 13 in.
thick.

Lab. No. 3420/1958: B3: 43 to 51 in.

i izht yellowish-brown (2.5Y 6/4) sandy clay loam, light olive brown
(2.5Y 5/4) when moist; moderate, fine, subangular, blocky structure;
hard. dry; firm, moist; sticky and plastic, wet; approximately 15 per cent
fine brown concretions; grey clay skins on cracks between peds; strongly
acid (pH 5.2); clear wavy boundary. 9 to 12 in. thick.

Lab. No. 3421/1958: Cl: 51 to 55 in.
Strongly mottled yellowish-brown and reddish-brown weathered
medium acid (pH 5.8) basalt bedrock.

Range in Characteristics.—The chief variation is in the thickness of the
A2 horizon which ranges from 2 to 11 in. The thickness of the solum varies
from 36 to 50 in. Soils under the termite mounds are not so strongly leached
(less thick A2 horizons) and show evidences of Gilgai action. Hues of the B
horizons are usually 10YR but may be 7.5YR with values 3 or lower. A few
lime concretions are sometimes found in the profile below 4 ft.

Relief—Concave areas of nearly level to gently sloping plains.

Drainage.—Imperfectly drained, run-off is slow during the long rains and
medium during the rest of the year. Internal drainage is slow.

Vegetation.—Tall grass vegetation, Hyparrhenia sp. dominant with
Digitaria scalarum and some Solanum inearnum.

Use.—Pasture with small areas of maize and sorghum. Sugar-cane would
do moderately well if soils had surface drainage and were fertilized.

Distribution.—Presently mapped in Langi school vicinity in the East
KOnyango area.

Type Location.—Sample pit about three-quarters of a mile south-east of
the Langi school. Map grid reference GZU 149301,

Series Established.—March, 1959.

Source of Name.—Langi school.
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MAGINA ERIES

Th Jagina series consists of shallow to moderately deep, well-drained,
dark re ' sh-brown soils with laterite horizons developed in sandy residuum
from ac  igneous rocks. They occur on nearly level to gently undulating hills
and rid.. - under a savannah-type vegetation. The parent rock is granite.

M: ‘na soils are characteristically dark reddish-brown, 5YR hues, with
weak, fi. -, granular structure in the A horizon. The B horizon contains many
iron-ox'. > concretions and overlies an indurated laterite or ironstone layer.
The suri.ce soil has occasional granite boulders and often has outcrops of
“ironstone” or hard laterite.

The Magina series are geographically associated with the Misathe,
Nyangu and Nyangu-Magina complex soils. They resemble the Rangwe and
Kibubu soils as to physical and chemical properties, but differ in the type of
parent rock. Rangwe is formed from rhyolite, while Kibubu is developed
from basalts. Magina soils occur at elevations of 4,400 to 4,500 ft. in a climate
having a mean precipitation of 45 to 50 in. with marked wet-dry seasons.
The Magina series is mapped mainly in the Magina and Nyambija market
area. The soils grow finger millet, simsim, sweet potatoes, cowpeas and some
maize. Sugar cane is not recommended.

Soil Profile: Magina Loamy Coarse Sand

Lab. No. 5043/1958: Al: 0to 6 in.

Dark reddish-brown (5YR 3/2) loamy coarse sand, dark reddish-
grey (SYR 4/2) when dry; weak, fine, granular structure; loose, dry; very
friable to friable, moist; non-sticky and non-plastic, wet; abundant fine
and medium roots; strongly acid (pH 5.4); abrupt smooth boundary.

4 to 6 in. thick.

Lab. No. 5044/1958: B2: 6 to 14 in.

Dark reddish-brown (SYR 3/2) gravelly, coarse sand; weak, very
fine subangular blocky structure; consistence as above; plentiful fine
and medium roots; a few thin discontinuous clay skins in pores; gravels
are iron-oxide concretions; medium acid (pH 5.6); gradual wavy

boundary. 8 to 12 in. thick.

Lab. No. 5045/1958 : B21r: 14 to 28 in.

Dark reddish-brown indurated laterite horizon; strongly cemented
in place but can be broken out to 3} in. x 6 in. pieces; contains a few
fine roots; medium acid (pH 5.8); gradual wavy boundary. 14 to 17 in.
thick.

Lab. No. 5046/1958: C2: 20 to 40 in. +
Weathered granitic material containing a few fine roots; slightly
acid (pH 6.1).
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Range in Characteristics.—The chief variation is in the depth f the
solum which ranges from 14 to 30 in. with most of it about 24 in. deep.
Surface textures include small areas of sandy loam. The amount of . rface
stones, granite and laterite, outcrops vary considerably. Small ar. s of
moderate sheet and rill erosion were not mapped out. Depth to hard ! terite
ranges up to 2 ft.

Relief.—Nearly level to sloping hills and ridges.
Drainage.—Well drained. Runoff is rapid and internal drainage is iapid.

Vegetation—Much of the original vegetation has been destroycd. On
the ridge tops a few Combretum sp. and Bauhinia sp. trees remain. The
grasses are mainly Hyparrhenia sp.

Use.—These soils are farmed intensively and produce fair to poor yields
of finger millet, simsim, sweet potatoes, cowpeas, cassava and some maize.

Distribution.—Mapped in the Magina and Nyambija market areas.

Type Location.—Pit description from murram pit 100 yd. south of
Magina market on the north side of the road going to Rongo. Map grid
reference GZU 245241.

Series Established. —March, 1959.

Source of Name.—Magina market, East Konyango area.

MARINDE SERIES

The Marinde series consists of somewhat imperfectly drained Solonetz
soils developed in very deep, fine-textured alluvium. They occur on nearly
level stream terraces between somewhat higher adjacent gently undulating
hills under a grassy savannah type of vegetation. The terraces are dissected
by youthful intermittent streams.

Marinde soils are very dark brown to very dark greyish-brown, 10YR
hue, in the A horizon. The B horizons are usually strongly developed black
to very dark brown columns containing large amounts of sodium with a thin
1 to }-in. A2 cap of ashy grey loam over the top of the columns and down
the cracks between. In places where the structure of the B horizon is more
prismatic than columnar the A2 resembles more of a thinner sprinkling on
the prism tops and cracks. The C horizons are greyish-brown 10YR to 2.5Y
hues, and subangular in structure. Lime concretions are normally found
between 6 and 7 it.

Marinde soils are associated mainly with Rodi and Ongeng residual
soils of the hills occupying higher positions. Rodi and Ongeng soils differ
from Marinde in that they have not developed into a Solonetz and are derived
from basalt-type parent rocks. On the Olungo stream and its tributaries,



Marind

type p:

soils a:

M:
mean .
season -,

of the

St

111

oils are also found with other residual soils derived from acidic-
nt rocks such as Nyangu stony sandy loam. Small pockets of muck
ncluded on the map with the Marinde soils.

mde soils occur at elevations of about 4,200 ft. in a climate having a
nual precipitation of 45 to 50 in. with pronounced wet and dry
[hey are mapped in large continuous bodies along upper tributaries

I-iana River, both to the east and west of Marinde.

!l plots of cane and maize are grown by the Africans on this soil.

Cane :iould do moderately well on this soil, as it has the advantage of

Teceivii

advantageous in low rainfall years. Much of the soil is now used for pasture.

1 more moisture in the form of rainfall runoff. This would be very

Soil Profile: Marinde Clay Loam

Lab. No.3794/1958: Al: Oto 3in.

Very dark brown to very dark greyish-brown (10YR 2.5/2) clay
loam, very dark greyish-brown (I0YR 3/2) when dry; strong, fine, sub-
angular blocky structure; hard, dry; firm, moist; sticky and plastic, wet;
abundant fine and medium roots; a few yellowish-red burnt concretions;
strongly acid (pH 5.2); abrupt smooth boundary. 3 to 5 in. thick.

Lab. No. 3795/1958: B21: 3 to 12 in.

Very dark brown (I0YR 2/2) clay; strong, coarse prisms coated
with a very thin sprinkling of grey (10YR 6/1) dry, silt loam or loam
on prism tops and down cracks between prisms; very hard, dry; very
firm, moist; very sticky and very plastic, wet; plentiful fine and medium
roots with some through prisms; thick continuous clay flows on all ped
faces; medium acid (pH 6.0); clear wavy boundary. 9 to 11 in. thick.

Lab. No. 3796/1958: B22: 12 to 24 in.

Dark grey (10YR 4/1) clay; strong, medium, subangular blocky
structure; hard, dry; firm, moist; sticky and plastic, wet; plentiful fine
and medium roots somewhat flattened between peds; thin discontinuous
clay flows on some peds; mildly alkaline (pH 7.4); gradual boundary.
12 to 14 in. thick.

Lab. No. 3797/1958: C1: 24 to 46 in.

Grey to greyish-brown (I0YR 5/1.5) clay; structure and consistence
as above; plentiful fine roots; distinct, common, fine strong brown
(7.5YR 5/6) mottles, and 10 per cent fine brown hard “shot™; mildly
alkaline (pH 7.8); gradual wavy boundary. 22 to 27 in. thick.
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Lab No. 3798/1958: C2: 46 to 70 in.

Greyish-brown (10YR 5/2) clay; strong, medium, subangular ocky
structure; hard, dry; firm, moist; sticky and plastic, wet; few fine oots;
common, fine, faint, yellowish-brown (10YR 5/4) mottles, about 5 per
cent concretions as above. Moderately alkaline (pH 8.4); gradua' wavy
boundary. 24 to 28 in. thick.

Lab. No. 3799/1958: C3: 70 to 82 in.

Grey (10YR 5/1) clay; structure and consistence as above; no oots;
few slickensides and 5 to 10 per cent manganese stains and :pots;
strongly alkaline (pH 8.5); gradual wavy boundary. 12 to 16 in. thick.

Lab. No. 3800/1958: Cca—4: 82 to 94 in.

This horizon is the same as above but 25 to 30 per cent of the soil
mass contains soft } to }-in. lime concretions. Strongly alkaline (pH
8.7); abrupt clear smooth boundary. 10 to 12 in. thick.

Lab. No. 3801/1958: C5: 94 to 106 in.

Olive (5Y 5/3) clay; strong, medium, angular blocky structure;
hard, dry; firm, moist; sticky and plastic, wet; no roots; many medium
prominent yellowish-brown (I0YR 5/6) mottles. Strongly alkaline
(pH 8.6).

Range in Characteristics.—The chief variation is in the depth to the
lime concretions. They are usually found at about the 6 ft. level, but many
vary from 40 to 84 in. The structure of the B horizon varies from columnar
to prismatic, but is usually more columnar than prismatic. Hues of the B
horizon are usually 10YR or 7.5YR with moist values as low as 1 and up to
3. The colour of the C horizon is of either 2.5Y or 10YR hues with values
of 5 and 6 and Chroma of 2 to 4. Mottles in the C horizon vary from reddish-
yellow to yellowish-red in colour and are usually less than 20 per cent. Surface
soil is friable to firm in consistence.

Relief.—Nearly level stream terraces with slope gradients of less than
2 per cent.

Drainage.—Somewhat imperfectly drained. Runoff is slow, and internal
drainage is also slow, particularly during the long rains.

Vegetation.—Mainly tall grasses with probably Pennisetum catabasis
dominant. Flat-topped thorn trees Acacia sp. along streams.

Use.—Mainly grazing with some small patches of maize and sugar cane.

Distribution.—Mapped in large continuous bodies along upper tribu-
taries of the Riana River to the east and west of Marinde.

Type Location.—Map grid reference GZU 227274, Sample pit on large
flat about 4 mile west of Marinde.

Series Established.—March, 1959,
Source of Name.—Marinde market, East Konyango.
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MIROGI SERIES

The Mirogi series consists of imperfectly drained Low Humic ¢ iei soils
developed in deep fine-textured sediments which have accumulated s small
valley fills along small tributaries of the major drainage systems in '1e East
Konyango survey area. They occur on nearly level stream terraces : eleva-
tions of about 4,300 ft. in a wet-dry climate having a mean annual precipita-
tion of 45 to 50 in. Parent material is derived from a mixture of ba:alt, tuff
and ash which occur in the catchment area.

The Mirogi soils are characterized by a very dark grey to black clay
surface which is underlain by strongly mottled angular blocky clay. Lime

concretions are generally encountered from 60 in. downward. Volcanic ash

is often found in the deeper layers of the profile.

The Mirogi soils are similar to the Kibigori soils but are more brown

throughout and have much more strongly mottled subsoil horizons. They are
associated with the Rodi, Ongeng and Bhanji soils which occupy the higher
slopes and are developing in residuum from the dark-coloured basic igneous

rocks.

Soil Profile: Mirogi Clay
Lab. No. 478/1959: Al: O0to 6 in.

Very dark grey (10YR 3/1) clay, black (I10YR 2/1) when moist;
moderate fine subangular blocky structure; very hard, dry; firm, moist;

very sticky and plastic, wet; abundant roots; (pH 5.1); clear wavy
boundary. 4 to 8 in. thick.

Lab. No. 479/1959: B21: 6 to 12 in.

Grey (10YR 5/1) clay, dark grey (10YR 4/1) when moist; strong,

medium, prismatic which breaks to strong, medium, angular blocky
structure; very hard, dry; very firm, moist; very sticky and very plastic,
wet; a few black manganese concretions; abundant roots; (pH 5.0); clear
wavy boundary. 6 to 14 in. thick.

Lab. No. 480/1959: Bg22: 12 to 39 in.

Greyish-brown (10YR 5/2) clay, datk greyish-brown when moist;
mottied approximately 20 per cent dark brown (7.5YR 4/4); strong, fin¢
and medium angular blocky structure; hard, dry; firm, moist; sticky
and plastic, wet; prominent slickensides; a few quartz fragments; very
prominent clusters of an unidentified yellow (I0YR 7/6) substance

present; (pH 4.2); gradual wavy boundary. 20 to 32 in. thick.

Lab. No. 481/1959: Bg23: 39 to 67 in. ;

Grey (10YR 5/1) clay, dark grey (10YR 4/1) when moist; mottled
as above; strong medium lenticular structure; hard, dry; firm, moist;
sticky and plastic, wet; prominent slickensides; a few quartz fragments. |
plentiful fine roots; (pH 4.1); gradual wavy boundary, 25 to 30 in thick. J
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L2 No.482/1959: Bg3: 67 to 82 in.

Strongly mottled light brownish-grey (I0YR 6/2), dark grey
(10 "R 4/1), yellowish-brown (10YR 5/6), and black clay; massive
sti “ture; hard, dry; friable, moist; sticky and plastic, wet; many black
m: canese concretions; (pH 5.5); gradual boundary. 12 to 18 in. thick.

La . No. 483/1959: Cgca: 82 to 90 in.
Similar to above but with hard lime concretions from } to # in. in

siz . fewer manganese concretions; (pH 7.5); diffuse boundary. 6 to
1Z in. thick,

Lan. No.484/1959: C2g: 90 to 97 in.

Strongly mottled yellowish-brown (I0YR 5/4) (approximately
40 per cent); light brownish-grey (2.5YR 6/2) (30 per cent), and black
clay; massive; hard, dry; friable, moist; sticky and plastic, wet; a few
lime concretions; approximately 15 per cent black manganese concre-
tions; (pH 7.5); diffuse boundary. 4 to 8 in. thick.

Lab. No. 485/1959: C3g: 97 to 102 in.

Mottled 40 per cent yellowish-brown (I0YR 5/4), 30 per cent
light brownish-grey (2.5YR 6/2), and 30 per cent yellowi_sh-brown
(I0YR 5/6) clay loam; massive; hard, dry; friable, moist; sticky and
plastic, wet; (pH 7.8); diffuse boundary. 6 to 10 in. thick.

Lab. No. 486/1959: C4g: 102 to 108 in.

Strongly mottled greyish-brown (10YR 5/2), light grey (10YR 7/2),
and yellowish-brown (I0YR 5/4) clay loam; hard, dry; friable, moi.st;
sticky and plastic, wet; massive; many fine ash fragments. 6 to 8 in.
thick.

Lab. No. 487/1959: C: 108 to 112 in. +

Strongly mottled dark brown (7.5YR 4/5); grey (10YR 5/1) and
dark greyish-brown (2.5 YR 4/2); sandy clay loam; massive; hard,
dry; friable, moist; sticky and plastic, wet; a few hard lime concretions;
black manganese stains and concretions; a few fine ash fragments;
(pH 7.8).

Range in Characteristics.—Degree of mottling varies considerably with
some profiles showing stronger evidence of gleying than others.

Use.—Most of the Mirogi soils are used for pasture, but small areas
are planted to maize and sorghum. Yields are fair to poor due to poor
Internal and external drainage.

Relief.—Nearly level to gently sloping stream terraces and valley fills.

Drainage—Imperfectly drained, runoff is slow and water ponds in local
depressions during heavy rains; slow internal drainage.
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Vegetation.—Mixed grass with Sporobolus sp., Pennisetum ca 1basis
and Cyperus sp. dominating. Also large clumps of Imperata cylindric .

Distribution.—Presently mapped only in western part of Eas. Kon-
yango survey area. Mostly just south of Mirogi.

Type Location—One and a half miles south-east of Mirogi. M= grid
reference GZU 125201.

Source of Name.—Mirogi Market, East Konyango.

MISATHE SERIES

The Misathe series consists of imperfectly drained deep Pla:osols
developed from granite. They occur on nearly level to gently sloping plains.

The Misathe soils are characterized by thick, grey to light grey A2
horizons which are underlaid by strong angular blocky clay at a depth of
18 to 22 in. The clayey B horizon characteristically contains many sirong
brown and red mottles. Strongly weathered granitoid rock underlies the
profile at 48 to 60 in. depths.

The Misathe soils are geographically associated with Nyangu stony
sandy loam and with the Nyangu-Magina complex. Nyangu soils, which are
also developed from granite, are sandier textured and in many places they
contain horizons of laterite ironstone. They are Planosol Ground-water
Laterite intergrade soils, Nyangu-Magina complex is a mixture of Nyangu
and Magina, the latter having a well-developed laterite horizon.

Misathe soils resemble the Langi soils which are developed from basalt.
The Langi soils, however, lack the mottling in the B horizon and exhibit
stronger prismatic to columnar structure.

The Misathe soils occur at elevations of 4,500 to 4,600 ft. in a wet-dry
climate having a mean annual precipitation of about 40 to 45 in.

Soil Profile: Misathe Sandy Loam
Lab. No. 3971/1958: Al: O to 6 in.

Very dark grey to very dark greyish-brown (I0YR 3/1.5) sandy
loam; moderate, medium, granular structure; soft, dry; friable, moist;
non-sticky and non-plastic, wet; abundant fine and medium roots; non-
calcareous; (pH 4.8); lower boundary clear and smooth. 6 to 8 in. thick.

Lab. No. 3972/1958: A2: 6 to 19 in.

Very dark greyish-brown (I0YR 3.5/2) sandy loam, grey to light
grey (10YR 5/1) when dry; moderate medium subangular blocks break-
ing to fine granular structures; slightly hard, dry; friable, moist; non-
sticky and non-plastic, wet; abundant fine and medium roots; non-
calcareous; (pH 5.0); smooth boundary. 13 to 15 in. thick.
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Lab. © 5 3973/1958: B2: 19 to 32 in.

I 2k to very dark grey (I0YR 2.5/1) clay; weak to moderate
prisn:- 1 places breaking to strong, medium, angular blocky structure;
hard. v: firm, moist; sticky and plastic, wet; plentiful fine and medium
roots ~me through peds; thick clay flows on all ped faces; common,
fine, « stinct, strong brown (7.5YR 5/6) mottles and common, fine,
prom: :nt, red (2.5YR 4/8) mottles; contains a few fine quartz grains;
non-c. careous; (pH 5.0); boundary gradual and wavy. 13 to 14 in.
thick. :

Lab. 0. 3974/1958: B3: 32 to 48 in.

Dark greyish-brown (10YR 4/2) clay; structure and consistence
like «bove horizon; plentiful fine and medium roots; common, fine,
faint, light yellowish-brown (I0YR 6/4) mottles; many quartz fragments
and weathered white gneissic fragments; many black manganese stains
and_spots; a few thin clay discontinuous skins; (pH 4.5). 14 to 18 in.
thick.

Lab. No. 3975/1958: Cl: 48 in. +

Variegated colours of equal proportions, olive (5Y 5/3) and grey-
brown (2.5Y 5/2) gravelly clay; strong, medium, angular, blocky struc-
ture; hard, dry; firm, moist; sticky and plastic, wet; a few fine roots;
common, fine, distinct, strong brown mottles (7.5YR 5/6). The gravels
are weathered gneissic fragments and difficult to auger; lower boundary
undetermined; non-calcareous; (pH 4.5).

Range in Characteristics.—The chief variation is in depth of the s?il
profile to granite bedrock. Thickness of solum ranges from 48 to 60 in.
Some deeper profiles do occur, but they are not common.

Relief—Nearly level to gently sloping plains.

Drainage.—Imperfectly drained. Runoff is medium to slow. Internal
drainage is slow. Seasonally fluctuating water table.

Vegetation.—Grass with Pennisetum catabasis dominant.  Also
Brachiaria soluta, Andropogon sp. and Hyparrhenia sp.

Use.—Used mainly as pasture, but small areas are planted to sweet
potatoes, finger millet and cassava. A small patch of cane on this soil was
Observed and it appeared to be doing very poorly.

Distribution.—Mapped in the East Konyango area, mainly south-east
of Magina along the Rongo-Homa Bay road.

Type Location.—Approximately 1} miles south-east of Magina on the
large flat between the Riana and Misathe rivers. Map grid reference

GZU 263234.
Series Established.—March, 1959.
Source of Name.—Misathe River.
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NbHIWA * RIES

The © ‘hiwa series consists of imperfectly drained Planosols developed
in fine tex red alluvium derived from rhyolite. They occur on gently sloping
to sloping .ns at elevations of 4,200 to 4,300 ft., in a climate having a mean
annual p:- ipitation of 45 to 50 in. with pronounced wet and dry seasons.

The dhiwa soils are characterized by having a well pronounced A2
horizon, ¢ .o 12 in. in thickness, which is underlain by a heavy clay columnar
B horizon. The columns grade into strong, medium, and coarse angular blocks
at depths of 30 to 40 in.

The ~dhiwa soils occur in close association with the Rangwe soils and
occupy the alluvial fans below them. The Rangwe soils are well drained, relict
Groundwater Laterite soils developed from rhyolite. The Ndhiwa soils have
similar profiles to the Nyamauro soils but occur on fans and their parent
materials are derived from rhyolite. The Nyamauro soils occur on stream
terraces and their parent material is alluvium derived from a mixture of both
acidic and basic rocks.

At the contact point between the Ndhiwa and the Rangwe soils there
characteristically occurs a highly leached Groundwater Laterite soil. It occurs
at a position on the fan where seepage from higher areas is at a maximum. It
IS very pale brown to light grey in colour and contains many iron-oxide
concretions, This soil has been included on the map with the Ndhiwa soils
because it was impossible to separate out on a map of the scale of the East
Konyango area. This soil differs in several ways from the Rangwe soils which
also have laterite horizons. It is still under the influence of a fluctuating water
table and consequently is still in the process of formation. The Rangwe soils
are no longer wet but were formed under similar wet conditions some time
in the geologic past. They do not have the very pale brown to light grey
colours of this soil and have better developed laterite ironstone horizons.
The Ndhiwa series contain from 10 to 15 per cent of this soil.

Soil Profile: Ndhiwa Loam

Lab. No. 2928/1959: Al: Oto 9 in.

Dark grey (7.5YR 4/1) loam, black (7.5YR 2/1) when moist; strong,
medium, and coarse granular structure; slightly hard, dry; friable, moist;
slightly sticky and slightly plastic. wet; abundant roots; (pH 5.5); clear
wavy boundary. 6 to 10 in. thick.

Lab. No. 2929/1959: A21: 9to 15in.

Grey to light grey (10YR 6/1) loam; dark grey (10YR 4/1) when
moist; strong, medium, granular structure; slightly hard, dry; friable,
moist; slightly sticky and slightly plastic, wet; mottled approximately 50
per cent grey (10YR 5/1); plentiful roots; (pH 5.6); abrupt wavy boun-
dary. 4 to 8 in. thick.
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Lab. No. 2930/1959: A22: 15 to 20 in.

Light grey (10YR 6.5/1) loam, dark grey (10YR 4/1) wh: ) moist;
structure and consistence as above; approximately 20 per ce: brown
iron-oxide concretions; plentiful roots; (pH 5.8); abrupt wavy b undary.
6 to 12 in. thick.

Lab. No. 2931/1959: B21: 20 to 30 in.

Very dark grey (10YR 3/1, dry and moist) clay; strong, cozrse and
very coarse columnar, breaking to moderate, medium, angular blocky
structure; tops of columns are rounded and have light grey (10Y . 6.5/1)
coatings; extremely hard, dry; very firm, moist; very sticky aud very
plastic, wet; thick continuous clay skins on all ped faces; 30 per cent
iron-oxide concretions; few fine roots; (pH 5.6); clear wavy boundary.
1 to 16 in. thick.

Lab. No. 2932/1959: B22: 30 to 37 in.

Greyish-brown (10YR 5/2) clay, dark greyish-brown (10YR 4/2)
when moist; strong, medium and coarse, angular, blocky structure, with
a tendency towards lentils; consistence as above; prominent slickensides:
mottled approximately 20 per cent dark brown (10YR 4/3); a few fine
iron-oxide concretions; a few fine roots; (pH 5.6); clear wavy boundary.
6 to 10 in. thick.

Lab. No. 2933/1959: B3: 37 to 48 in.

Greyish-brown (2.5YR 5/2) clay; dark greyish-brown (2.5YR 4/2)
when moist; strong, coarse, lentil structure which breaks to strong,
medium and fine, angular, blocks; extremely hard, dry; very firm, moist;
very sticky and very plastic, wet; prominent slickensides; approximately
20 per cent dark brown (10YR 4/3) mottles; (pH 5.2); clear wavy

boundary; approximately 20 per cent black manganese concretions,
many quartz and rhyolite fragments.

The following is a profile description of the Groundwater Laterite soil
which occurs within Ndhiwa loam.

Soil Profile: Inclusion in Ndhiwa Loam
Lab No. 1394/1959: Al: Oto 2 in.

Dark greyish-brown (I0YR 4/2) sandy loam, dark brown (10YR
3/3) when moist; strong, medium, and fine crumb structure; soft, dry:
very friable, moist; non-sticky and non-plastic, wet; abundant roots
(pH 5.4); abrupt smooth boundary. 2 to 4 in. thick.

Lab. No. 1395/1959: A21: 2to 12 in.

Very pale brown (10YR 7/3) sandy loam, dark brown (10YR 3.5/3)
when moist; very weak, medium, angular, blocky structure which breaks
to moderate, medium and fine, crumb; soft, dry; very friable, moist;
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non  cky and non-plastic, wet; approximately 20 per cent yellowish-
bro.  (I0YR 5/4) mottles which are dark yellowish-brown (I0YR 4/4)
whe  moist; abundant roots; (pH 5.5); abrupt wavy boundary. 8 to 14 in.
thic

Lal 10.1396/1959: A2ir: 12 to 20 in.

ight grey (10YR 7/2) gravelly sandy loam, dark brown (10YR 4/3)
whe  moist; massive to weak fine crumb structure; consistence as above;
50 i~ 60 per cent iron-oxide concretions 4 to 4 in. in size which are
brow i on the outside and black inside; plentiful roots; (pH 5.8); clear
wav; boundary. 6 to 12 in. thick.

Lab. No. 1397/1959: A2ir: 20 to 26 in.

‘White (I0YR 8/1) gravelly sandy loam, light grey (10YR 7/2) when
moist; massive to weak fine crumb structure; soft, dry; very friable, moist;
non-sticky and non-plastic, wet; concretions as above; plentiful fine
roots; (pH 6.1); clear wavy boundary. 6 to 18 in. thick.

Lab. No. 1398/1959: C: 26 to 30 in. +

Strongly weathered rhyolite which is light grey (10YR 7/1) when
dry and grey (10YR 6/1) when moist; thick clay skins on fractured
surfaces.

Range in Characteristics.—The Groundwater Laterite soil, occurring in
Ndhiwa loam, makes up from 10 to 15 per cent of the area. Ndhiwa soils
range from reddish-brown to black in colour and the A2 horizon ranges from
6 to 12 in. in thickness. They have a reddish-brown colour near the top of
the fan where the soil grades into the Rangwe soils and a very dark grey to
black colour near the base of the fan as it grades into the Nyamauro or
Olungo soils. The included Groundwater Laterite soil ranges from reddish-
brown to dark greyish-brown in colour. As it grades upslope into the Rangwe
soils hard pisolitic laterite horizons are encountered at 30 to 36 in. depths.

Relief —Gently sloping to sloping fans.

Drainage.—Imperfectly to poorly drained; moderate runoff. Internal
drainage is poor; seasonally fluctuating water table.

Vegetation.—Mixed tall grasses with Cymbopogon sp., Loudetia
kagerensis and Imperata cylindrica dominating. A few scattered trees, such

as Erythrina abyssinica and Combretum sp. occur.

Use.—Mostly used for pasture, but small areas are planted to maize,
sorghum and simsim. Yields are fair to poor due to the waterlogging effect
caused by the heavy, very slowly permeable B horizon during the rainy season.
In many places the local people use the Groundwater Laterite soil, that is
included in the Ndhiwa series, for making bricks. The entire profile, down to

the hard weathered rocks, is used.
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Distribution.—Mapped in the south-western part of the East Ko ango
soil survey area.

Type location: Ndhiwa loam.—South of the road going to the brick
factories approximately 1 mile south of the main Mirogi-Ndhiwa road Map
grid reference GZU 082195. Inclusion in Ndhiwa loam: GZU 124179

Series Established.—March, 1959.
Source of Name.—Ndhiwa market.

NYAMAURO SERIES

The Nyamauro series are somewhat poorly drained, deep, fine texiured
soladized solonetz developed in fine textured alluvium derived from a mixture
of both acidic and basic rocks. In many places the alluvium is interlayered
with volcanic ash. They occur on nearly level to gently sloping fan terraces
and old river terraces under a grouped tree grassland vegetation. Large grey
termite mounds supporting clumps of Euphorbia sp., Carissa edulis and
Acacia sp. dot the landscape.

The Nyamauro soils are characterized by their grey surface soil (when
dry), thick A2 horizon and well developed columnar structure. They have
morphology similar to the Langi and the Ndhiwa soils. The Langi soils are
developed from basaltic lava and the Ndhiwa soils from alluvium derived
from rhyolite. Nyamauro series are associated with the Kuja soils and the
Nyangu-Magina complex. They lie at slightly higher elevations than the
Kuja soils and occupy an intermediate position between the Kuja and the
Nyangu-Magina complex. The Kuja soils are also solodized solonetz but do
not exhibit as thick an A2 horizon as the Nyamauro soils. They are developed
under dense tree and bush vegetation along the Kuja River. The Nyangu-
Magina complex consists of Planosol and Groundwater Laterite soils
developed from granite.

The Nyamauro soils occur at elevations of 4,100 to 4,200 ft. in a wet
and dry seasonal climate with a total annual precipitation of 40 to 45 in.,
most of which falls during the spring long rains.

Soil Profile: Nyamauro Loam
Lab. No. 1371/1959: Al: 0 to 4 in.

Black to very dark grey (10YR 2.5/1), dark grey to grey (10YR
4.5/1) when dry, loam; moderate to strong, fine subangular blocky;
slightly hard, dry; friable, moist; non-sticky and non-plastic, wet; abundant
fine and medium roots; non-calcareous; (pH 5.2); lower boundary clear
and smooth. 4 to 5 in. thick.
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Lab. No. 1372/1959: A2: 4 to 12 in.

‘ery dark greyish-brown (10YR 6/1) when dry, loam, with common,
fine prominent reddish-brown (SYR 4/3) mottles; massive, breaking to
wea ' very fine, granular structure; loose to slightly hard, dry; friable,
mo:.i; non-sticky and non-plastic, wet; plentiful fine and medium roots;
nor. calcareous; (pH 5.4); lower boundary clear and wavy. 6 to 12 in.
thicl:.

Lab. No. 1373/1959: B2: 12 to 25 in.

Very dark brown (10YR 2/2) either moist or dry clay; strong, coarse,
coluinnar structure; top of columns and peds coated with thin A2 horizon
as above; very hard, dry; very firm, moist; very sticky and very plastic,
wet; thick continuous clay flow on all ped surfaces; few fine roots often
flatiened between columns; non-calcareous; (pH 5.3); lower boundary
gradual and wavy. 13 to 14 in. thick.

Lab. No. 1374/1959: B3: 25 to 40 in.

Dark greyish-brown (10YR 4/2) clay; strong, medium, subangular,
blocky structure; hard, dry; firm, moist; sticky and plastic, wet; a few
thin discontinuous clay flows on some peds and thick clay flows along
old root channels; few fine roots; non-calcareous; (pH 4.9); lower boun-
dary gradual and wavy. 15 to 16 in. thick.

Lab, No. 1375/1959: Cl1: 40 to 52 in.

Brown (10/YR 5/3) matrix mixed with dark grey (10YR 4/1) clay;
structure and consistence as above; few fine roots; contains 5 to 10 per
cent soft brown concretions; non-calcareous; (pH 4.7); lower boundary
gradual and wavy. 12 to 14 in. thick.

Lab. No. 1376/1959: C2: 52 to 95 in.

Variegated colour clay of about 50 per cent of the mass yellowish-
brown (10YR 5/4), 25 per cent grey (I0YR 5/1) and 25 per cent very
dark greyish-brown (10YR 3/2); consistence and structure as in the 25 to
40 in. horizon; few fine roots; non-calcareous; (pH 4.9); lower boundary
gradual and wavy. 43 to 46 in. thick.

Lab. No. 1377/1959: C3: 95 to 112 in. +

Strong brown (7.5YR 5/6) clay mixed with volcanic ash and about
30 per cent black-brown “shot™; strong, fine, subangular, blocky struc-
ture; hard, dry; friable to firm, moist; sticky and plastic, wet; no roots;
(pH 5.4).

Range in Characteristics.—The chief variation is in the thickness of the
A2 horizon which ranges from 6 to 12 in. Moist colours of the surface horizon
vary from very dark grey to black. Structure of the B horizon varies from
strong prismatic to strong columnar. Volcanic ash often occurs below 60 in.
depths. Degree of mottling in lower horizons varies considerably. The colour
of the A2 horizon may be grey.
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Relief.—Nearly level to gently sloping fan terraces and river tert ces.

Drainag.. -Somewhat poorly drained; medium run-off on steeps slopes
but slow on nearly level areas. Slow internal drainage. Seasonally flu: tuating
water table.

Vegetation—Grouped tree grassland (savannah). Grasses incluc.z such
species as Imperata cylindrica, Brachiaria soluta, Hyparrhenia sp., Spor obolus
pyramidalis, Loudetia kaegerensis and Digitaria scalarum. Trees are confined
to termite mounds and include Euphorbia sp., Carissa edulis and Acacic sp.

Use—The maize on this soil is poor in the few patches that aic culti-
vated. Grazing is the dominant use. The A2 horizon is used for makinz pots,
as plaster and as whitewash for the walls of native houses.

Distribution.—Mainly along the Kuja River and its major tributaries in
the East Konyango area.

Type Location.—Approximately 200 yards west of the bulldozer trail to
the Kuja River where the dense vegetation of the Kuja River merges with the
open savannah type. Map grid reference GZU 171172.

Series Established.—March, 1959.

Source of Name.—Nyamauro River.
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NYANGU SERIES

The Nyangu series consists of somewhat poorly drained F!:nosol-
Groundwater Laterite intergrade soils developed in sandy textured 1. -iduum
from granite parent rocks. They occur on nearly level to gently ‘loping
uplands under a stand of tall grass and scattered trees.

Nyangu soils are characteristically dark greyish-brown or daric grey
in the deep, sandy loam textured, strongly acid, A horizon. The -urface
soil is covered with many large granite stones which range from le:s than
one to over three feet in diameter. The B horizon is sandy clay lcam in
texture, variable in colour from dark grey to black, usually 10YR hue,
and has moderate medium, blocky structure. Often, in a down-slope concave
position, a thin loose discontinuous layer of laterite is present over the
slightly weathered parent rock.

The Nyangu soils are associated with the Misathe soils and the Nyangu-
Magina complex mapping unit. They are similar to the Misathe soils, but
are stony and are more sandy in the A and B horizons. The Misathe soils
do not contain the laterite layer that is often found in the Nyangu soils.

The Nyangu soils occur at elevations of about 4,400 ft. in a climate
having a mean annual precipitation of 40 to 45 in. with marked wet-dry
seasons. The soils are used only for grazing.

Soil Profile: Nyangu Stony Sandy Loam
Lab. No. 3982/1958: Al: Oto 5 in.

Very dark grey to very dark greyish-brown (10YR 3/1.5) sandy
loam, light brownish-grey (10YR 6/2) when dry; weak, fine, granular
structure; soft, dry; friable, moist; non-sticky and non-plastic, web
abundant fine and medium roots; very strongly acid (pH 4.8); clear
smooth boundary. 5 to 6 in. thick.

Lab. No. 3983/1958: A21: 5to 14 in.

Dark greyish-brown (10YR 4/2) sandy loam, light brownish-grey
(10YR 6/2) when dry; structure and consistence as above; abundant
fine roots; common, fine, faint greyish-brown (I0YR 5/2), dark
yellowish-brown (10YR 4/4) and dark brown (7.5YR 3/2) mottles
many coarse quartz particles; very strongly acid (pH 5.0); clear wavy
boundary. 9 to 12 in. thick.

Lab. No. 3984/1958: A22: 14 to 23 in.

Dark grey (7.5YR 4/1) sandy loam; weak, fine, angular blocky
structure; soft, dry; friable, moist; non-sticky and slightly plastic, wet
plentiful fine roots; common, fine, prominent yellowish-red (SYR 4/0
and dark brown (7.5YR 3/2) mottles; has many coarse quartz particles
strongly acid (pH 5.3); clear wavy boundary. 9 to 11 in. thick.
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Lab W0.3985/1958: A23: 23 to 30 in.

ark grey (7.5YR 4/1) sandy loam; structure and consistence as
abo - plentiful fine roots; common, medium, prominent reddish-brown
(5Y" 3/4) mottles; medium acid (pH 5.6); clear smooth boundary.
7 tc 2 in. thick.

Lab No.3986/1958: B2: 30 to 44 in.

Variegated colours, 50 per cent of the mass very dark grey
(I0Y® 3/1) 50 per cent black (I0YR 2/1) gravelly sandy clay loam;
moc crate, medium, angular, blocky structure; hard, dry; firm, moist;
sticky and plastic, wet; very few fine roots; a few thin discontinuous
clay skins; 30 per cent black iron manganese concretions; strongly acid
(pH 5.4).

Many large loose granite stones prevented further descriptions of
this pit. However, further observations from auger borings and murram
pits of this series showed that the B horizon is often underlain by a
thin, 2 to 5 in., layer of laterite that is usually discontinuous. This
laterite layer rests on the partially weathered granite parent rock.

Range in Characteristics—The main range in characteristics is the
depth and texture of the A horizons. Thickness of this horizon varies from
12 to nearly 30 in. Textures are often loam. Hues are usually 10YR in the
A horizon, but can occasionally be 7.5YR. Moist values can be as low
a8 3 and up to 6 dry. Chromas run from 1 to 2. The amount and size
of the stones vary considerably. They range from over 1 ft. in diameter
0 sometimes more than 4 ft. Bedrock outcrops of granite also occur. The
laterite layer is most often found in mid-slope situations.

Relief —Nearly level to gently sloping upland hills with about 6 per
tent slope gradients.

. Drainage.—Somewhat poorly drained. Surface runoff is medium, and
Internal drainage is slow. Waterlogged during the wet season.

Vegetation—Mainly tall grasses with Hyparrhenia sp. and Pennisetum
Catabasis dominant.

Use.—Pasture.

Distribution.—Presently mapped in the Magina Market region in the
East Konyango area.

Type Location.—About one mile south-east of Magina Market. Map
grid reference GZU 268233.

Series Established—March, 1959.

Source of Name.—Nyangu stream.
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NYOKAL SERIES

The Nyokal series consists of deep to very deep somewhat »Hoorly
drained Planosol soils developed from acid igneous rocks. They oc.ur on
nearly level to gently undulating upland plains under a tall grass sa\ nnah-
type vegetation. The parent rock is rhyolite.

The Nyokal soils are characterized by a very dark grey to grey «urface
soil, and thick, grey, granular A2 horizons. The B2 horizon is nearly black
with strong columnar structure containing many quartz and rhyolite ¢ avels.
The C horizons are micaceous sandy clays that contain many particies of
weathered parent rock. The depth to bedrock varies from about 4 to 8 ft.
The A and B horizons are strongly to medium acid.

The Nyokal soils are geographically associated with the Rangwe and
Nyamauro soils. The Rangwe series is shallow, dark reddish-brown soil
containing hard laterite layers that occupy the hill positions on the upland
plains. The Nyamauro soils are very deep Planosols found on stream terraces
along the upper tributaries of the Riana and Kuja rivers. The Misathe soils
strongly resemble the Nyokal series in that they both have thick A2 horizons,
similar B horizons, and occupy the same physiographic positions. They differ,
however, in the type of acid igneous parent rock.

The Nyokal series occur at elevations of from 4,550 to 4,600 ft. in
a climate having a mean annual precipitation of about 45 in. with marked
wet and dry seasons. This soil is not farmed intensively and pasture is
the main use.

Soil Profile: Nyokal Sandy Loam
Lab. No. 5077/1958: Al: 0 to 6 in.

Very dark grey to grey (10YR 3.5/1) sandy loam, dark grey to
grey (10YR 4.5/1) when dry; moderate, fine, granular structure; slightly
hard. dry; friable, moist; non-sticky and non-plastic, wet; abundant fine
and medium roots; medium acid (pH 5.9); clear wavy boundary.
4 to 6 in. thick.

Lab. No. 5078/1958: A2: 6 to 24 in.

Very dark grey to dark grey (I0YR 3/1.5) sandy loam, grey
(10YR 5/1) when dry; weak to moderate, fine, granular structure;
slightly hard to soft, dry; friable, moist; non-sticky and non-plastic.
wet: abundant fine and medium roots; has many very fine quartZ
particles through horizon; strongly acid (pH 5.5); clear wavy boundary.
16 to 18 in. thick.

Lab. No. 5079/1958: A3: 24 to 28 in.
Very dark grey (10YR 3/1) fine gravelly loamy sand; moderate,
medium, granular structure; loose, dry; very friable, moist; non-sticky

and non-plastic, wet; plentiful fine and medium roots; medium acid
(pH 5.6); lower boundary abrupt and broken. 2 to 4 in. thick.
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Lab No. 5080/1958: B2: 28 to 40 in.

‘ack (N 2/0) sandy clay; moderate, coarse, columnar struc-
ture breaking to strong, coarse, angular blocks; very hard, dry; very
firm, moist; very sticky and very plastic, wet; plentiful fine roots, some
throch peds; many fine, prominent yellowish-red (5YR 4/6) mottles;
15 1or cent of the mass is composed of fine weathered rhyolite frag-
men‘c: 5 to 10 per cent black fine iron manganese ‘“‘shot”, thick black
clay flows on all ped faces; medium acid (pH 5.8); gradual wavy
boundary. 12 to 16 in. thick.

Lab. No. 5081/1958: B3: 40 to 50 in.

Variegated colour with 40 per cent of the mass black (N 2/0),
30 per cent yellowish-red (5YR 4/6) and 30 per cent greyish-brown
(10YR 5/2); sandy clay loam; strong, medium, subangular blocky struc-
ture; hard, dry; firm, moist; sticky and plastic, wet; few fine roots; thick
clay flows down old root channels and on some slickenside faces; 50 per
cent of the mass of this horizon is well-weathered rhyolite particles,
and one side of the pit has a vein of well-weathered rhyolite; neutral
(pH 6.7); gradual wavy boundary. 7 to 10 in. thick.

Lab. No. 5082/1958: Cl: 50 to 70 in.

Variegated loamy sand as above; compound moderate, fine,
granular to subangular blocky structure; slightly hard, dry; loose to
friable, moist; non-sticky and non-plastic, wet; very few fine roots;
neutral (pH 7.0); gradual smooth boundary. 8 to 22 in. thick.

Lab. No. 5083/1958: C2: 70 to 90 in.

Light olive brown (2.5Y 5/4) loamy sand; weak, fine, granular
structure; soft, dry; loose, moist; non-sticky and non-plastic, wet; no
roots; much mica, 40 per cent of the mass is weathered rhyolite; neutral
(pH 6.8); gradual smooth boundary. 18 to 22 in. thick.

Lab. No. 5084/1958: C3: 90 to 110 in. +

Light olive brown (2.5Y 5/4) fine gravelly sand; structure and
consistence as above; no roots; horizon contains more mica than above;

neutral (pH 6.9).

Range in Characteristics.—The thickness of the A horizon varies from
10 to 24 in. Small areas of loam surface soils are included. The A3 horizon
18 not present in all places. In the A horizon 10YR hues of moist values as
low as 3 and up to 6 dry and 1 and 2 chromas are commonly found. Occasion-
ally the B horizons are of 10YR hue, 2 to 3 moist values, and of 1 to 2
chroma, Depth to the parent rock varies considerably, being somewhat deeper
on the nearly level slopes.
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Relief.—Nearly level to gently sloping upland plains.

Drainage—Natural drainage is somewhat poor. Run-off is n ~dium,
and internal drainage is slow, particularly during the wet season. Soil 18
waterlogged during the wet season.

Vegetation—A few scattered shrubs found mainly on the icrmite
mounds, much tall coarse grass in between.

Use.—Mainly grazing. A few small patches of poor maize arc to be
found. Sugar-cane could be grown if surface drainage and fertilizers were
applied.

Distribution.—Mapped in rather large bodies along the north and south
sides of the old District Commissioner’s road between Magina markct and
Nyangao school in the East Konyango area.

Type Location—From a pit on the road going from Magina market to
Nyangao school, about one mile west from the crossroads, on the north side
of the road from an unnamed African primary school. The pit was dug close
to a large dead fig tree, and the map grid reference is GZU 307239.

Series Established.—March, 1959.

Source of Name.—Nyokal Market in the East Konyango area.
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OBIERO SERIES

The Obiero series consists of very deep, imperfectly drainc  soils
developed in moderately fine textured residuum from volcanic as!. They
occur on gently undulating hills and ridges under a stand of tall coarse
grasses. The parent material is volcanic ash, probably of the Pliocere age.
The soil does not fit well in any known established great soil group.

Obiero soils are characteristically black to very dark grey in ine Al
horizon, and have strong, very dark brown prisms with thick clay skirs. The
C horizons are dark grey to grey, with red, dark red and often yeliowish-
brown mottles and many black manganese stains and concretions. At varying
depths, hard layers of yellowish-brown to green volcanic ash is often found.
These are often difficult to auger out.

Obiero soils are associated with the Kibugo and Bhanji soils. The Kibugo
soils are dark grey in the B horizons, have greyish-brown mottled C horizons
and contain many hard round black manganese “shot”. The Bhanji soils
occupy higher ridge positions, are shallow, usually stony, and have indurated
laterite layers over the parent rocks.

The Obiero series occur at elevations of about 4,400 ft. in a climate
having a mean annual precipitation of 45 to 50 in. with contrasting wet and
dry seasons. The Obiero series are mapped in small bodies between Magina
market and Marinde. The soils are used principally for pasture.

Soil Profile: Obiero Sandy Clay Loam
Lab. No. 3945/1958: Al: O to 6 in.

Black to very dark brown (7.5YR 2/5) sandy clay loam; moderate.
medium, granular structure; slightly hard to hard, dry; friable, moist;
slightly sticky and plastic, wet; abundant medium and fine roots; very
strongly acid (pH 5.0); clear smooth boundary. 4 to 6 in. thick.

Lab. No. 3946/1958: B21: 6 to 20 in.

Very dark brown (10YR 2/2) sandy clay loam; strong, medium to
coarse prisms, breaking to strong, medium, angular, blocky structure;
hard, dry; firm, moist; slightly sticky and plastic, wet; abundant fine and
medium roots; thick continuous clay skins on all ped faces; very strongly
acid (pH 5.0); gradual wavy boundary. 14 to 18 in. thick.

Lab. No. 3947/1958: B22: 20 to 31 in.

Dark grey to dark greyish-brown (10YR 4/1.5) sandy clay loam;
consistence and structure as above; abundant fine and medium roots;
some through peds and some flattened between peds; thick continuous
clay skins on all ped faces; many prominent red (25YR 4/6) mottles:
20 per cent of mass is brown “shot”; very strongly acid (pH 5.0); gradual
wavy boundary. 11 to 14 in. thick.
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Lab. 0.3948/1958: B3: 31 to 46 in.

ey (10YR 5/1) sandy clay; compound lenticular to strong, angular,
bloc ' structure; very hard, dry; firm, moist; sticky and plastic, wet;
abur - ant fine and medium roots.

Lab. o. 3949/1958: Cl: 46 to 62 in.

" ariegated colours, 40 per cent of the mass being grey (I10YR 6/1),
40 1 cent red (2.5YR 4/6) and 20 per cent black manganese stains and
concrtions; sandy clay loam; moderate, fine to medium, angular, blocky
struciure; hard, dry; firm, moist: slightly sticky and plastic, wet; few
fine roots; many ash fragments; very strongly acid (pH 4.9); clear wavy
boundary. 16 to 18 in. thick.

Lab. No. 3950/1958: C2: 62 to 96 in.

Variegated colours, 40 per cent of the mass being grey (10YR 6/1),
50 per cent yellowish-brown (10YR 5/8) and 10 per cent red (2.5YR 4/6)
loam; structure as above; slightly hard, dry; friable, moist; slightly sticky
and slightly plastic, wet; very few fine roots; much of this horizon consists
of ash particles; medium acid (pH 5.7); lower boundary indeterminate.

Lab. No. 3951/1958: C3: 96 to 100 in. +

Hard, slightly weathered yellowish-brown volcanic ash; many black
manganese skins or clay skins between cracks.

Range in Characteristics.—The chief range in characteristics is the depth
to and the thickness of the volcanic ash horizons. They vary considerably as
well as does the colour. The colour of the ash is usually yellowish-brown but
sometimes is a bright green. Colours of mottles and amounts of iron man-
ganese stains and “shot” also vary. The surface colour can be either 10YR
or 7.5YR hues with moist values of 2 and 3 and 1 and 2 chroma. The
structure of the C horizon is often lenticular.

Relief —Gently sloping with slope gradients of about 4 per cent.
Vegetation.—Tall coarse grasses of mainly the Hyparrhenia sp.

Use.—Used only for pasture. Sugar-cane would do moderately well if
fertilized.

_ Distribution.—Presently mapped in small bodies north of Magina market
In the East Konyango area.

Type Location—Sample pit is located about one mile north of Magina
market on the east side of the road. Map grid reference is GZU 242248.

Series Established.—March, 1959.

Source of Name.—Obiero school by the village of Rodi in the East
Konyango area.
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OBOKE SERIES

The Oboke series consists of moderately deep to deep, somewhat poorly
drained soils, derived from rhyolite. They are weakly developed Gruriusols.
Their strongly mottled subsoil horizons suggest a close affinity with ("¢ Low
Humic Glei soils. They occur on gently sloping fans and fan terraces

The Oboke soils are characterized by a very dark grey sandy cla, loam
surface which is underlain by a sandy clay to clay B horizon having strong
prismatic structure. This grades into strongly mottled clay to sandy clay loam
at depths of 30 to 36 in. Rounded quartz fragments characteristically occur
throughout the profile.

The Oboke soils occur downslope from the Rangwe soils which are
developed from the same parent material. The Rangwe soils are shallow, dark
reddish-brown soils with laterite horizons.

Oboke soils occur at elevations of 4,200 to 4,300 ft. in a climate having
a mean annual precipitation of 45 to 50 in. with a marked wet and dry season.

Soil Profile: Oboke Sandy Clay Loam
Lab. No. 463/1959: Al: 0 to 7 in.

Very dark grey (7.5YR 3/1) sandy clay loam, black (7Z.5YR 2/1)
when moist; strong, medium, granular structure; slightly hard, dry; friable,
moist; slightly sticky and slightly plastic, wet; approximately 20 per cent
fine quartz fragments; (pH 5.8); abundant roots; clear wavy boundary.
4 to 8 in. thick.

Lab. No. 464/1959: B2l: 7 to 20 in.

Very dark grey (7.5YR 3/1), dry and moist, sandy clay loam; strong.
coarse, prismatic, which breaks to strong, medium, angular, blocky
structure; very hard, dry; very firm, moist; sticky and plastic, wet; thick
continuous clay skins on all ped faces; 15 per cent rounded quartz

fragments; abundant roots; (pH 5.5); clear wavy boundary. 12 to 15 in.
thick.

Lab. No. 465/1959: B22: 20 to 27 in.

Grey (I0YR 5/1) sandy clay, dark grey (I0YR 4/1) when moist;
weak, coarse, prismatic, breaking to strong, coarse, angular, blocky
structure; very hard, dry; firm, moist; very sticky and very plastic, wet;
a few dark brown (7.5YR 4/4) mottles; thick continuous clay skins on
all ped faces; approximately 15 per cent rounded quartz fragments;
plentiful roots; (pH 5.4); clear wavy boundary. 6 to 10 in. thick.

Lab. No. 466/1959: B3: 27 to 35 in.

Grey (10YR 5/1), dark grey (I0YR 4/1) when moist; mottled
approximately 30 per cent dark greyish-brown (10YR 4/2), strong.
medium to coarse, angular blocky structure; consistence as above; very
prominent slickensides with a tendency towards lenticular structure; a
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few .ck manganese stains; approximately 20 per cent rounded quartz
frag.nts 4 in. in size; a few large float rocks; few fine roots; (pH 5.5);
clea: vavy boundary. 6 to 12 in. thick.

Lab. “o. 467/1959: C1: 35 to 44 in.

‘rongly mottled grey (10YR 5/1), strong brown (7.5YR 5/6) and
stror = brown (7.5YR 5/8) sandy clay loam with approximately 30 per
cent »lack manganese stains and soft concretions; massive structure; hard,
dry, .irm, moist; sticky and plastic, wet; 20 per cent very fine rounded
quar . fragments; (pH 5.9); gradual wavy boundary. 8 to 12 in. thick.

Lat. No. 468/1959: C2: 44 to 54 in.

Strongly mottled grey (10YR 5/1) and strong brown (7.5YR 5/6)
sandy clay loam with approximately 5 per cent dark red (2.5YR 3/6)
mottles; 30 per cent black manganese stains and soft concretions; many
dark brown rounded quartz fragments; (pH 5.7); clear wavy boundary.
10 to 20 in. thick.

Lab. No, 469/1959: C3: 54 to 60 in. +

Dark brown (I10YR 4/3) sandy loam; massive, slightly hard, dry,
friable, moist; non-sticky and non-plastic, wet; many coarse boulders of
acid igneous materials; many black manganese skins on the fractured
faces of the rocks; stopped by boulders at 60 in.; just above the boulders
appears to be highly weathered volcanic ash; (pH 6.2).

Range in Characteristics.—The amount of quartz fragments encountered
throughout the profile varies considerably. Volcanic ash is not commonly
recognized in the profile. Topsoil colours range to very dark grey brown and
subsoil colours to very dark brown. Lime concretions sometimes are found.

Relief.—Gently sloping fans.
Drainage.—Somewhat poorly drained. Run-off is moderate. Internal
drainage is medium.

Vegetation.—Grass, with Pennisetum catabasis, Sporobolus sp., Hypar-
rhenia sp. and Imperata cylindrica dominant.

Use.—Most of the Oboke soils are used for pasture, but small areas are
planted to maize, sorghum, finger millet and sweet potatoes.

Distribution.—Mapped only in small scattered patches in the East
Konyango area.

Type Location.—Approximately three-quarters of a mile west of the
junction of the Kibugo and Kuja rivers. Map grid referenec GZU 139173.

Series Established—May, 1959.
Source of Name.—Oboke Market, East Konyango area.



136

(1) IIA 318V

oo | w1 | or |oszL |sor|tes| 6L | 89 | 50| TO | L9 | 011 |82 | o | ovo| oroz g
9 | oI 8T 0LE9 | Lev| 86S| TL | €9 | €0 | TO | 09 | 86 |9 _ 60-0 = £9-0 [ 0TI g
9% | 9% 8¢ | ©9z9 | pev| 09| ¥L | 09 | €0 | TO | 19 | 811 |SI 810 | IS-1| €179 | ~° A
% | og vE BLT9 | TTS | 859 | OL | 8BS z0 | S0 | I'L | 871 |81 1IzZo|wz| 90 | v
“ _ JdV | OdD eN | X | 3N | ®
pues | s | Ao 1SIp aes | T: d | N D30 sqom | JOH
%ol s % afreyd |posSool/AN, % | HA 1ios Jw 001/4N wdd | 7 | % | wda
8561/9L0S 03 £L0S "ON 977 el NZO Sy dow wwoj o2 5030
L vl 4 €¥c9 | 60| 91Z| 8 | ¢9 | 60 | €0 | 96 | T8I | ST | TO-0 | ITO | 09¥S £
9 4 74 v:zv8 | €IS | 08| 66 | LS | 60 | TO | L8 | v-SI|IE | $00| IT-0 | PSP o)
09 4 8T zee8 | 60s| 0Ls| 18 | 66 | 60 | 70 | €8 | v¥I | €6 | SO-0 | S#O | PHSE | 1D
44 o1 o | #izv9 | 10s| 0TS | 69 | S | 80 | TO | €L | 8I1 | LI 11-0 | 190 | SELT i
8Y 8 v cos-L | 19v|00s| sL | #S | 80 | TO | L8 | 0TI | Ol 710 | L80 | LTOT g
0s 91 ¥E yi€€9 | LLv|OIF| 8 | SS | 90 | 10 | ¥8 | O¥I | OI c10 | 68 |20l |-
123 9 o |v1s9 |sev|ovs| 9 | 85 | T0 | 90 | €L | TSI |LL | 9TO| 6EE| L0 |- y
ﬂ_ oav | 0E0 | wN | X [SW | ®
pues | s Kepp ISIp s | 1 d | N D310 Spui | “Io0H
% % Z ofreyd |[0s3Q0I/AN, % | H 11os W 001/ wdd | % | % | pdea
6561/69% OF £9% "ON Q7T €LI6E1 NZO Y2y dow wwop Avpa Kpuvs 34090



The
Low H:
rocks. T
basalt. I

Ok
loam su
angular

7.5YR ai
The red.
progressi-

36 to 60
The

137

OKOK SERIES

ok series includes imperfectly drained, moderately deep to deep,
> Glei soils developed from dark-coloured, fine-grained igneous
v have been formed from weathered volcanic tuff breccia and
v occur on gently sloping to sloping footslopes and fans.

sils are characterized by dark reddish-brown to dark brown clay
e horizons which are underlain by strongly mottled fine sub-
cky B horizons. The hue of the A horizon ranges from 5YR to
' the degree of mottling in the subsoil horizons varies considerably.
“ hues occur at the upper part of the slope and the soil becomes
cly greyer down slope. Hard rock is encountered at depths of
n. Rock outcrops and basaltic stones are not uncommon.

Okok soils occur downslope from the land type Stony-land (basaltic

rocks). This unit consists of shallow Lithosols developing from similar parent

material.

The Okok soils occur at elevations of 4,200 ft. to 4,300 ft. in a wet-dry
climate having a total annual precipitation of 45 to 50 in.

Soil Profile: Okok Clay Loam

Lab. No. 5073/1958: Al: Oto 6 in.

Dark reddish-grey (5YR 4/2) clay loam, dark reddish-brown (5YR
3/2) when moist; strong, fine, granular structure; slightly hard, dry:
friable, moist; slightly sticky and non-plastic, wet; abundant roots; (pH
5.8); clear smooth boundary. 4 to 8 in. thick.

Lab. No. 5074/1958: B21: 6 to 13 in.

Dark reddish-brown (5YR 3/2) dry and moist clay loam; strong,
fine, subangular, blocky structure; slightly hard, dry; friable, moist;
sticky and slightly plastic, wet; abundant roots; (pH 6.0); clear wavy
boundary. 6 to 10 in. thick.

Lab. No. 5075/1958: B22: 13 to 20 in.

Dark brown (7.5YR 4/2) sandy clay loam, dark brown (?l.SYR
3/2) when moist; strong, fine, subangular, blocky, structure; §lrght]y
hard, dry; friable, moist; sticky and slightly plastic, wet; approximately
20 per cent red-black concretions; } in. in size; 15 per r.:ent vfeathercd
rock fragments; (pH 6.3); clear wavy boundary. 6 to 12 in. thick.

Lab. No. 5076/1958: B3: 20 to 40 in.

Dark brown (7.5 YR 4/2) sandy loam, dark brown (7.5YR 3/2)
when moist; mottled strong brown (7.5YR 5/6) and black; modera_te.
medium, subangular, blocky structure; slightly hard, dry; friable, moist;
non-sticky and non-plastic, wet; approximately 40 per cent weathered
basalt fragments; (pH 6.8); abrupt smooth boundary. 10 to 44 in. thick.
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C: 40 to 48 in.

Strongly mottled, yellowish-brown, brown and black v ~athered
basalt bedrock; clay skins on fractured faces.

Range in Characteristics.—The chief variation is in the d-gree of
mottling. Subsoil colours range from dark brown to very dark ¢ =y with
many profiles showing much stronger evidence of gleying. The prcfile des-
cribed is better drained than most of the Okok soils. Depth to hrd rock
varies from 36 to 60 in. Occasional outcrops and large boulders ai= found
on the surface and through the soil.

Relief—Gently sloping to sloping footslopes and fans.

Drainage.—Imperfectly drained. Medium to rapid runoff. Slow 10
medium internal drainage. Seasonally high water table from upslope scepage.

Vegetation.—Grass vegetation with Pennisetum catabasis and Imperalta
cylindrica dominant.

Use.—Most of the Okok soils are used for pasture, but the drier areas
are planted to maize, sorghum and simsim.

Distribution.—In scattered small areas in the west of the East Konyango
area.

Type Location.—Approximately one mile east of the Mirogi jaggery
factory. Map grid reference GZU 113222.

Series Established—March, 1959.
Source of Name.—Okok School, East Konyango soil survey area.

OLUNGO SERIES

The Olungo series consists of deep, somewhat poorly drained SolonetZ
developed from fine textured alluvium that includes lenses of volcanic ash
These occur on low river terraces along the Kuja River under a fairly ope?
stand of low brush and tall grass type vegetation.

The Olungo soils have very dark brown clay loam surface textures and
strongly developed prismatic B horizons. The B horizon is usually capped bY
a thin discontinuous A2 horizon of grey sandy loam. Thick lenses of fairly
hard volcanic ash (tuff) are present in the profile. The solum is very strongly
acid.
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The “lungo soils are similar to the Kuja soils but occupy the more
grassy ar- s adjacent to them, They differ in having thinner, less well
developed A2 horizons. They are associated with the Kuja soils and the land
type “All vial soils, undifferentiated”,

Olun, » soils are developed in a climate having a mean annual precipita-
tion of 40 0 45 in, of rainfall with contrasting wet and dry seasons. They
are found ( elevations of about 4.100 ft. Most of this soil is used for pasture
with the « .ception of small patches that are planted to maize, millet and
yams. Yicids are poor.

Soil Profii: . Olungo Clay Loam
Lab. No. 1378/1959: Al: 0to 8 in.

Very dark brown (10YR 2/2) clay loam, very dark grey to very
dark greyish-brown (10YR 3/1.5) when dry; strong, fine to medium sub-
angular blocky structure; hard, dry; firm, moist: slightly sticky and
plastic, wet; abundant fine and medium roots; very strongly acid (pH
4.9); abrupt smooth boundary. 8 to 10 in. thick.

Lab. No. 1379/1959: B2: 8 to 24 in.

Very dark grey (10YR 3/1) clay; strong, coarse prisms with thick,
very dark brown clay flows on all ped faces; very hard, dry; firm, moist;
very sticky and very plastic, wet; plentiful fine and medium roots; the
prisms are capped with a friable, grey, sandy loam horizon (not sampled)
that is discontinuous and varies from 3 to 2 in. in thickness; few
coarse roots above prisms; very strongly acid (pH 4.9); lower boundary

clear and wavy. 16 to 18 in. thick.

Lab. No. 1380/1959: B3: 24 to 36 in.

Dark greyish-brown (10YR 4/2) clay; strong, medium, angular,
blocky structure with thin discontinuous clay flows; hard, dry; firm,
moist; sticky and plastic, wet; few fine flattened roots between peds;
very strongly acid (pH 4.7); clear wavy boundary. 12 to 14 in. thick.

Lab. No. 1381/1959: C1: 36 to 42 in.

Brownish-yellow (10YR 6/6) volcanic ash arranged in weak to
moderate, very fine, platy structure; friable, thick, very dark brown clay
flows along vertical cracks; few fine roots; very 'slrongly acid (pH 4.7);
lower boundary abrupt and smooth. 6 to 7 in. thick.

Lab. No. 1382/1959: C2: 42 to 56 in.

Greyish-brown (2.5Y 5/2) and strong bro“fn (7.5YR 5/6) c!ay
(equal colour proportions), with 30 per cent black iron manganese stains
and concretions; strong, medium, subangular, blocky structure; hard,
dry; firm, moist; sticky and plastic, wet; very few fine roots; very strongly
acid (pH 4.6); lower boundary clear and wavy. 14 to 15 in. thick.
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Lab. No. 1383/1959: C3: 56 to 82 in.

Variegated colour; brown (10YR 5/3) 3/4 of mass witl strong
brown (1/4) (7.5YR 5/6) clay loam containing much volca .= ash;
moderate, fine, subangular, blocky structure; consistence as ab ve; no
roots; very strongly acid (pH 4.6): lower boundary clear and wav . 16 to
18 in. thick.

Lab. No. 1384/1959: C4: 82 to 88 in.

Light yellowish-brown (10YR 4/6) volcanic ash with about 25 per
cent black iron manganese stains; strong, fine, subangular st ucture
hard to auger; no roots; very strongly acid (pH 4.8); lower boundary
abrupt and smooth. 6 to 7 in. thick.

Lab. No. 1385/1959: C5: 88 to 105 in.

Variegated colours with brown (10YR 5/3) 75 per cent of the mass,
and strong brown (7.5YR 5/6) 25 per cent; clay; strong, medium. sub-
angular, blocky structure; hard, dry; firm, moist; sticky and plastic, wet;
no roots; very strongly acid (pH 4.8).

Range in Characteristics—The A2 horizon is not distinct in all places -
and varies from a mere trace to about 2 in. in thickness. The lenses of vol
canic ash vary greatly in number and thickness. Hues of the profile are mainly
10YR, moist values of the A horizon vary from 3 to 4, and chromas 1 to 2.

The structure of the B2 horizon is more prismatic that columnar.
Relief.—Nearly level with slope gradients of about 1 per cent.

Drainage.—Somewhat poorly drained. Runoff is medium and internal
drainage is slow. Waterlogged during much of the rainy season.

Vegetation—Tall grass and scattered bush. The tall grass is mainly
Hyparrhenia sp. with some Panicum maximum, Pennisetum catobesis:
Themeda triandra and Cyndon dactylon. -

Use.—Mainly grazing with a few small patches of maize.

Distribution.—Mapped along the terraces of the Kuja River This soil
is confined to the grassy arcas immediately adjacent to the thick Kuja bush.

Type Location.—The sample pit is located along the bulldozer trail ©
the Kuja River, about 300 yards north of the river. Map grid reference ¥
GZU 168170.

Series Established.—March, 1959.

Source of Name.—Olungo stream in the East Konyango area.
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ONGENG SERIES

The Ongeng series consists of moderately well drained Gi musol-
Planosol intergrade soils developed from basalt-type rocks with minor
volcanic tuff and ash areas. They occur on nearly level to gently loping
upland plains under a grassland-type vegetation.

The Ongeng soils are characterized by a very dark greyish-brown or very
dark brown loam surface horizon which is underlain by a medium acic clayey
prismatic B horizon. The tops and sides of the prisms often are coaltd with
a discontinuous thin grey (} in. to 2 in. thick) horizon. The prisms grade into
a greyish-brown, strong, angular, blocky clay at approximately 30 in. A
horizon containing as much as 30 per cent soft black manganese concretions
characteristically occurs above the partially weathered basalt parent material.

The Ongeng soils occur in close association with the Rodi soils which
are developed from the same parent material. The main difference between
the Rodi and the Ongeng series is the depth to basalt. In the Rodi soils basalt
is usually found at about 36 to 40 in., while in the Ongeng series it is found
at about the 5-ft. depth. The Ongeng series are also related to the Langi
soils. They also have similar parent rocks but the Ongeng soils lack the very
thick leached A2 horizon of the Langi series.

The Ongeng soils occur at elevations of from 4,400 to 4,500 ft. in 2
climate having a mean annual precipitation of 45 to 50 in. with pronounced
wet and dry seasons.

Soil Profile: Ongeng Loam

Lab. No. 3759/1958: Ap: 0 to 5 in.

Very dark greyish-brown (10YR 3/2) loam; very dark brows
(10YR 2/2) when moist; moderate, fine, granular structure; slightly
hard, dry; friable, moist; slightly sticky and slightly plastic, web
abundant fine and medium roots; medium acid (pH 5.6); clear wavy
boundary. 5 to 6 in. thick.

Lab. No. 3760/1958 : B21: 5 to 14 in.

Very dark grey (I0YR 3/2), dry and moist, sandy clay loam;
moderate, coarse, prismatic structure, breaking to moderate medium
sub-angular blocks; hard, dry; firm, moist; sticky and plastic, weli
approximately 10 per cent black-brown concretions; grey (10YR 5/
coating on upper 1 in. to 1 in. of prisms and down the cracks betweel
prisms; plentiful fine and medium roots; medium acid (pH 5.6); abrup!
wavy boundary. 9 to 11 in. thick.

Lab. No. 3761/1958: B22: 14 to 25 in.

Greyish-brown (10YR 5/2) clay, dark greyish-brown (10YR 4/2
when moist with 10 per cent strong brown (7.5YR 5/6) mottles; stroné
fine, angular, blocky structure; hard, dry; firm, moist; sticky and very
plastic, wet; very strongly acid (pH 4.9); 10 to 15 per cent fine brow?
concretions; thick continuous clay skins on all ped faces; plentiful fine
and medium roots; gradual wavy boundary. 10 to 14 in thick.
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Lal No. 3762/1958: B23: 25 to 32 in.

sreyish-brown (10YR 5/2) clay, dark greyish-brown (10YR 4/2)
wh moist with 20 per cent strong brown (7.5YR 5/6) mottles; strong,
meoium and fine, angular, blocky structure; very hard, dry; very firm,
mo::i; very sticky and very plastic, wet; plentiful fine and medium roots;
a fow thin clay skins; very strongly acid (pH 4.8); lower boundary as
abcve, 19 to 24 in. thick.

Lat. No.3763/1958: B3: 32to 49 in.

Greyish-brown (10YR 5/2 moist) clay; compound strong coarse
lentil and fine to medium angular blocky structure; consistence as in
above horizons; many flattened roots in cracks between peds; approxi-
mately 5 per cent large, soft, black manganese concretions; many
prominent slickenside surfaces; extremely acid (pH 4.3); gradual wavy
boundary. 17 to 21 in. thick.

Lab. No. 3764/1958: Cl: 49 to 54 in.

Variegated colours in equal proportions of strongly mottled greyish-
brown (2.5Y 5/2), strong brown (7.5YR 5/6), grey (I0YR 5/1) and
black (I0YR 2/1) sandy clay loam; moderate fine subangular blocky
structure; hard, dry; friable, moist; slightly sticky and slightly plastic,
wet; few fine roots; a few particles of weathered phonolite; 30 per cent
black manganese concretions; very strongly acid (pH 4.9); abrupt smooth
boundary. 6 to 8 in. thick.

Lab. No. 3765/1958: C2: 54 to 60 in. +
Partially weathered basalt parent rock.

Range in Characteristics.—The chief variation is in the depth to the
Parent material. which ranges from 4 to 6 ft. Small areas of sandy clay loam
Surface soil are included in the area mapped as Ongeng clay loam. Surface
textures range over sandy loam, loam and sandy clay. The thin coatings to the
tops and sides of the prisms in the B21 horizons are discontinuous.

Relief —Nearly level to gently sloping residual uplands.

Drainage.—Moderately well drained, medium runoff in dry season; slow
runoff in flatter slopes during wet season; slow internal drainage when profile
1S wet, but medium during dry periods.

Vegetation—Parent vegetation mainly tall grasses with Pennisetum cata-
basis dominant species.

Use—Most of the Ongeng soils are under cultivation and the more
important crops grown are maize, sorghum, cassava, sweet potatoes and
Sugar-cane. It is probably one of the better soils for sugar-cane production in
the East Konyango area. When rainfall is adequate yields of 30 to 40 tons
of cane in a 24-month growing season may be expected.
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Distribution—Mapped in the northern part of the East Konyarn o area
in the Rodi-Mirogi vicinity.

Type Location.—150 ft. north and 50 ft. west of Ongeng mark:!. Map
grid reference GZU 171285.

Series Established.—March, 1959,

Source of Name.—Ongeng market.

RANGWE SERIES

The Rangwe series consists of shallow to moderately deep well Jrained
relic Groundwater Laterite soils developed from rhyolite. They occur on
gently undulating to sloping uplands. At the present time the vegetation is
predominantly grass but over part of the area there is a secondary vegectation
mainly of Combretum sp. and Tylosema fassoglensis.

Rangwe soils are characteristically dark reddish-brown to reddish-brown
throughout, usually of 5YR hues. In one small area, about four miles south-
east of Mirogi, the subsoils have hues of 2.5YR. The structure of the B horizon
is generally strong, fine to medium, subangular blocky. Iron-oxide concretions
become numerous at a depth of 10 to 20 in. and at a depth of 20 to 30 in.
massive indurated pisolitic laterite is encountered.

The Rangwe soils are geographically associated with the Nyokal, Ndhiwa
and Nyamauro soils. The Nyokal soils are Planosols developed from rhyolite.
The Ndhiwa soils, which are also Planosols are developed from alluvium
derived primarily from rhyolite. It is the catenary associate of the Rangwe
and occupies the lower footslopes and fans in some places. Nyamauro soils
are Planosols developed in deep, fine textured, alluvium on stream terraces
below the Rangwe soils.

The Rangwe soils have similar morphology to the Kibubu and Magina
soils, the former developing from basaltic lava rocks and the latter from
granitics.

Rangwe soils occur at elevations of 4,600 to 4,800 ft. in a climate having
a mean annual precipitation of 45 to 50 inches with marked wet and dry
seasons. The Rangwe soils occur mainly in the eastern part of the East
Konyango area but rather extensive areas are also found in the south-western
section between the Ndhiwa and the Kuja rivers.

Soil Profile: Rangwe Sandy Loam
Lab. No. 1356/1959: Al: 0to 3 in.

Reddish-brown (YR 4/3) sandy loam; dark reddish-brown (SYR
3/3) when moist; moderate, fine, granular structure; loose, dry; friable.
moist; non-sticky and non-plastic, wet; abundant fine and medium roots;
(pH 6.0); abrupt and smooth boundary. 3 to 5 in. thick.
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La'. No. 1357/1959: B2: 3to 10in.

Dark reddish-brown (5YR 3/3) sandy clay loam; strong, fine, sub-
an . lar, blocky structure; hard, dry; firm, moist; sticky and plastic, wet;
th' discontinuous clay skins on most ped faces; peds. when crushed, gain
str.uger chroma (SYR 3/4); a few fine quartz gravels and fine laterite
co.~retions; abundant fine and medium roots; (pH 5.7). Lower boundary
grocual and wavy. 7 to 10 in. thick.

Lo, No. 1358/1959: Cl1: 10to 19 in.

Dark reddish-brown to reddish-brown (5YR 3.5/4) gravelly sandy
lonin: strong, fine, subangular, blocky structure; slightly hard, dry; friable,
moist; non-sticky and non-plastic, wet; 50 to 60 per cent of the mass is
laterite concretions; abundant fine and medium roots; (pH 6.2); gradual
wavy boundary. 9 to 12 in. thick.

C2: 19in. +
Massive indurated layer of laterite ironstone. Permeable but cannot
be penetrated with auger.

Range in Characteristics.—Chief variation is in depth to indurated laterite
ironstone horizon which ranges from 20 to 30 in. The laterite ironstone horizon
varies from 1 to 4 ft. thick over the parent rock. Quartz and rhyolite rock
fragments occur on the surface in many places. Subsoil structure ranges to
medium subangular blocky. Bedrock and laterite outcrops are numerous.

Relief.—Nearly level to sloping uplands.

 Drainage—Well drained—runoff is medium to rapid. Internal drainage
15 medium to rapid.

Vegetation—Grass vegetation, consisting primarily of Panicum maxi-
mum, Setaria sp., Hyparrhenia dissoluta, Aristida adoensis, Erogrostis sp.,
Harpachne schimperi, Chloris pychnothrix and Rhynchelyrum repens. In most
places there is a secondary regeneration of Combretum sp. and Tylosema
fassoglensis.

Use—The Rangwe soils are the most intensively farmed soils in the
East Konyango area. They produce fair yields of simsim, cowpeas, finger
millet, sweet potatoes, kale, groundnuts and cassava. Maize is grown but does
not do well.

Distribution.—Mainly in the eastern part of the East Konyango survey
area and also between the Ndhiwa and Kuja rivers in the south-western
section of the area.

Type Location.—Along the Rangwe-Marinde cut-off road, approximately
2} miles south-west of Rangwe. Map grid reference GZU 304314,

Series Established.—March, 1959.
Source of Name.—Rangwe market, East Konyango soil survey area.
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RARAGE | RIES

The “arage series consists of imperfectly or somewhat poorly drained
clayey o5 having weak solonetzic characteristics. They occur on nearly
level strc: 1 terraces and valley fills along the present drainage systems in
the East Konyango area. The parent material consists of fine-textured
alluvium crived from both basic and acidic parent rocks.

The Rarage soils are characterized by a very dark brown to very
dark grey loamy surface soil which is underlain by sticky, plastic clay, having
coarse piismatic structure. The prisms grade into strongly mottled clay at
10 to 14 in. depths. These soils have the physical properties and the high
exchange:ble sodium percentage in the B horizons of Solonetz soils.

The Rarage soils are associated with the Rodi, Ongeng and Akijo soils
Which are developed in residuum from basic igneous rocks and occupy higher
elevations away from the present drainageways. Rarage soils occupy similar
positions as Marinde clay loam which is also a Solonetz soil.

The Rarage soils occur at elevations of about 4,250 ft. in a climate
having a mean annual precipitation of 45 to 50 in. with a marked wet and
dry season.

Soil Profile: Rarage Loam
Lab. No. 3773/1958: A: 0 to 3 in.

Dark greyish-brown (I0YR 4/1.5) loam, very dark brown
(I0OYR 2/1.5) when moist; strong, fine, subangular, blocky structure;
slightly hard, dry; firm, moist; slightly sticky and plastic, wet; abundant
fine and medium roots; approximately 20 per cent yellowish-red spots
due to periodic burning; (pH 5.5); abrupt wavy boundary. 3 to 6 in.
thick.

Lab. No. 3774/1958: B2: 3 to 10 in.

Very dark grey (I0YR 2.5/1) clay, black (10YR 2/1) when moist;
strong coarse, prismatic, breaking to strong, medium subangular blocl_(y
Structure; very hard, dry; very firm, moist; very sticky and very plastic,
wet; thick continuous clay skins on ped faces; in some parts of the
pit there is a grey (I0YR 6/1) sprinkling on top of prisms and down
the cracks between prisms; plentiful fine and medium roots; (pH 5.5);
clear wavy boundary. 7 to 14 in. thick.

Lab. No. 3775/1958: B23: 10 to 20 in.

Dark grey (10YR 4/1) clay, very dark grey (I0YR 3/1.5 when
moist; strong, fine to medium subangular blocky structure; consistence
as above; thin discontinuous clay skins on ped faces; plentiful ﬁ_ne
and medium roots; (pH 5.5); gradual wavy boundary. 10 to 14 in.
thick.
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Lab. No. 3776/1958: B24: 20 to 59 in.

Greyish-brown (10YR 5/2) dry and moist, clay; strong coar lentils
which break to strong, medium and fine, angular, blocky struct e; con- -
sistence as above; a few black (10YR 2/1) clay skins on pc. faces,
prominent slickensides with many flattened roots along joints; (. H 4.8)
gradual wavy boundary. 30 to 40 in. thick.

Lab. No. 3777/1958: B3: 59 to 69 in.

Light brownish-grey (2.5Y 6/2) clay, greyish-brown (2.5Y 5/.) when
moist; mottled approximately 10 per cent yellowish-brown (I0YR 5/6)"
strong, medium, angular, blocky structure; hard, dry; firm, moisi; sticky
and plastic, wet; prominent slickensides; a few fine roots along joints; |
(pH 7.6); clear boundary. 8 to 12 in. thick.

Lab. No. 3778/1958: Clg: 69 to 87 in.

Light brownish-grey (2.5Y 6/2) clay loam, greyish-brown
(25Y 5/2) when moist; approximately 20 per cent strong brown
(7.5YR 5/6) and 10 per cent yellowish-red (SYR 4/6) mottles; strong
medium, angular, blocky structure; hard, dry; friable, moist; sticky and
plastic, wet; approximately 5 per cent soft brown iron-oxide concretions;
(pH 7.5); clear boundary. 16 to 20 in. thick.

Lab. No. 3779/1958: C2g: 87 to 98 in.

Strongly mottled greyish-brown (2.5Y 5/ 2) light brownish-grey
(10YR 6/2) and very dark greyish-brown (10YR 3/1.5) clay; moderaté,
fine, angular, blocky structure; hard, dry: friable, moist; sticky and
plastic, wet; (pH 7.6); clear boundary.

Lab. No. 3780/1958: C3: 98 to 110 in.

Greyish-brown (2.5Y 5/2, moist) clay; mottled 20 per cent light
yellowish-brown (10YR 6/4). Approximately 30 per cent soft black
manganese concretions and stains; moderate fine, angular, blocky stru¢
ture; (pH 7.4); consistence as above.

Range in Characteristics.—The chief variation is in degree of mottling:
Some profiles exhibit much more strongly mottled subsoil horizons than
the above profile. Strong prismatic structure in the B horizon is not alway
evident. Visible salt specks often occur at depths of 4 to 5 ft.

Relief —Nearly level stream terraces and valley fills.

Drainage—Imperfectly drained. Runoff is slow to medium. Inte
drainage is slow.
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Ves ‘ation—Grass, with Pennisetum catabasis, Sporobolus sp.,
Hyparrh-ria sp. dominant.

Use. —Most of this soil is used for pasture. Sugar cane growing on it
appeare.’ (o be doing fairly well. However, it has been reported that the
cane co..iains enough salt to affect the quality of jaggery.

Dist: ibution.—At the present time, known only in the East Konyango
area, wicre it occurs as small continuous bodies along the tributaries of
the major drainage systems.

Type Location.—Along main Ongeng-Mirogi road, approximately one
mile west of Ongeng Market. Map grid reference GZU 163279.

Series Established —April, 1959.

Source of Name.—Rarage River, East Konyango.

Ropi Series

The Rodi series consists of somewhat poorly drained, moderately deep
to deep. Grumusol-Planosol intergrade soils developed from basaltic lavas,
conglomerates and volcanic tuff. They occur on nearly level to gently undu-
lating plains, mainly in the northern part of the East Konyango area.

The subsoils of the Rodi series are characteristically dark grey to grey
sandy clays to clays, having moderately well-developed prismatic structure.
The prisms break readily into strong, medium, subangular blocks. The
prisms grade into subangular blocky clay at 14 to 20 in. depths, and this
18 underlain by hard rock at 36 to 40 in. depths.

Rodi soils are found mainly in association with the Ongeng soils, with
n}inor areas of both Bhanji and Kibubu series being present. The main
difference between the Rodi and the Ongeng series is the depth to the
underlying rock. In the Ongeng series it is much deeper and parent rock is
seldom found within the 5-ft. auger depth.

‘ The Rodi series occur at elevations of from 4,400 to 4.500 ft. m a
climate having a marked wet and dry season with a total annual precipita-
tion of 45 to 50 in.

Soil Profile: Rodi Clay Loam

Lab. No. 3781/1958: Alp: 0to 7 in.

Black to very dark brown (7.5YR 2.5/2) clay loam, very dark grey
when dry (7.5YR 3/2); strong, fine, subangular, blocky structure; slightly
hard, dry; friable, moist; sticky and plastic, wet; many fine and medium
roots; many yellowish-red burnt concretions; abundant fine and medium
roots; non-calcareous; (pH 5.3); abrupt and smooth boundary.
7 to 8 in. thick.
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Lab. No. 3782/1958: B2: 7 to 14 in.

Very dark grey (7.5YR 3/1) sandy clay loam; moderatc. coarse
prisms, breaking to strong, fine, subangular, blocky structu:. : hard,
dry; firm, moist; sticky and plastic, wet; plentiful fine and edium
roots; contains 10 per cent fine iron manganese concretior:; non-
calcareous; (pH 5.3); lower boundary clear and wavy. 6 to 12 ir. thick.
Lab. No. 3783/1958: B3: 14 to 29 in.

Dark grey to grey (I0YR 4.5/1) sandy clay, with common, fine,
faint greyish-brown (10YR 5/2) mottles; strong, medium to coarse,
angular, blocky structure; non-calcareous; very hard, dry; very firm,
moist; very sticky and very plastic, wet; many fine roots, some through

peds; many slickensides; (pH 5.4); gradual wavy boundary. 15 to 16 in.
thick.

Lab. No. 3784/1958: C1: 29 to 36 in.

Variegated colours of equal proportions, dark greyish-brown
(2.5Y 4/2) and greyish-brown (I0YR 5/2) sandy loam; moderate,
medium, angular, blocky structure; very hard, dry; firm, moist; very
sticky and very plastic, wet; contains many black weathered basaltic
fragments; (pH 6.0); abrupt and clear lower boundary. 7 to 9 in. thick.

Lab. No. 3785/1958: C2: 36 to 40 in.
Hard, black, slightly weathered, basalt parent rock; (pH 6.7).

Range in Characteristics—Depth to parent rock ranges from 36 to
40 in. Surface textures vary from loam to sandy clay to clay loam. B
horizons vary from sandy clay to clay. Small pockets of volcanic ash are
often found over the weathered basalt parent rock. Rock outcrops and
basaltic stones are not uncommon. Occasionally a very thin grey layer
of sandy loam occurs over the tops of the prisms.

Relief —Nearly level to gently undulating plains.

Drainage.—Somewhat poorly drained. Runoff is medium in most places,
but slow in more level areas. Internal drainage is medium to slow.

Vegetation.—Grass, with Pennisetum catabasis, Sporobolus sp. and
Hyparrhenia sp. dominant.

Use.—Much of the Rodi soil is cultivated. Crops grown include maize.
sorghum, finger millet, beans, cowpeas, simsim, yams, cassava and sugaf
cane.

Distribution.—The Rodi series covers extensive areas of the larva
covered upland plains of the northern part of the East Konyango Survey ared.
the main areas being in the vicinity of Rodi, Marinde and Ongeng.

Type of Location.—Along main Ongeng-Mirogi road approximately 1
miles west of Ongeng. Map grid reference GZU 156276.

Series Established.—1959.
Source of Name.—Rodi Market, Kanyada location.
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