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Preface
This report of the Training Project in Pedology at Kisii,
Kenya, of the Section on Tropical Science of the Agricultural
University at Wageningen, The Netherlands, is the twelfth one of
a series to be presented to Kenyan officials.
The project started in November 1973 after assent had been
granted by the Office of the President of Kenya.

It is meant

for training of post-graduate students of the Agricultural
University at Wageningen and for furnishing research opportunities
of the staff. The activities of students and staff are directed
to obtaining a better knowledge of the soils and the agricultural
conditions of the project area to provide a basis for the further
agricultural development of the area.
The project in Kisii is conducted by:
Iri W„G„ Wielemaker, teaching and research
Ing. H.W. Boxen

, management.

Visiting specialists from the Agricultural University at
Wageningen help to resolve special problems.
This report has been written by Mr, A.P. Oosterom, who also drew
the maps.

The compilation and editing of this report has been done

by Mr. H.W. Doxem.

Only minor changes were neccessary to improve

the original manuscript.
We do hope to pay back with these reports a small part of the
great debt we owe to Kenya in general and to many Kenyans in
particular for their valuable contributions to the good functioning
of the project.

The supervisor of the project
J. Bennema, Professor of Tropical Soil Science
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1.

Introduction
In the program of the Training Project in Pedology at Kisii,
Kenya, a detailed soil survey was carried out at Sena and Ukula
valley on Mfangano Island, during the months of July and August,
1975.
The purpose of this survey was to make detailed soilmap, as a base
for an irrigation suitability map of this area. .
Aerial photographs scale 1:12.500 for the fieldwork, and for the
compilation of the base map, were used.
The information about geology is derived from the report "The
Geology of Mfangano Island", by Thomas Withworth (1975).
Climatic data were sparse, except some local rainfall records.
It should be noticed that the present irrigation suitability map
is a preliminary one, derived from the soil map.
No physical soil properties as permeable and hydraulic conductivity
were measured.
Also chemical information was still not present when this report was
written.

2.

Environmental conditions.

2.1. Location.
Mfangano Island forms part of Mbita division in South Nyanza
District, (topographical map sheet 115/3)»
Sena is situated on the eastern part of the island, while Ukula
is a valley in the north-west of Mfangano.
The total area of Mfangano is about 6k square kilometers.
The surveyed area near Sena is 350 hectares and that in Ukula 125
hectares.
2.2. Geology.
Mfangano Island consists mainly of volcanic rock, deposited since
the Miocene period (tuff aglomerate, blocky tuff, and sedimantary
tufaous rock with fossils).

Rocks of an earlier period are only

exposed on a very small spot south east of Sena (Precarabrium granite).
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Thick fans of mainly dark and light clays against the miocène shelf are supposed to be of Pleistocene age, while the flat coastal part around Sena and in
different embayments, which consists of laminated black sands and clay must have
been formed in the Holocene periods (Whitworth, 1955).
During the survey different levels were recognized in the above mentioned "fans".
Also some old beaches, consisting of sand and gravel were found in the surroundings of Sena and Ramba. This may be an indication of the influence of high lake
levels during Pleistocene times. Often the character of the sediments seems to
be lacustrine (very deep uniform, very porous and calcareous). But sometimes
the depostits resemble alluvial fan deposits (sand and gravel with boulders).
Another possible important factor in connection with the character and origin
of the sediments is the influence of volcanic ash. Locally pure ash layers
were found in fresh erosion gully sides (soft) and on surface (hardened).
The cross-section in fig. 1 gives an hypothetical explanation of the landscape
near Sena. It should be stressed that this is only a hypothesis and that no
real geological investigations to prove it were done.
A

1

», <

B

> , <—C

—>

Fig. 1 Crossection through area near Sena Point.
1 •= volcanic rock (tuff agglomerate).
2 = lake beds with locally alluvial fan deposits (clay loam, resp. gravel and
stones).
3 =

laminated sand, gravel and clay (from eroding lake beds and alluvial fans).

4 = buried soil profile (strongly cracking heavy clay).
5 = non to slightly cracking clay.
6 = beach sand.
7 = water of Lake Victoria
Part A : strongly dissected. (A-^ : soils with a dark topsoil)
(A,

soils without a dark topsoil)
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Part B: little dissected.
Part C: non dissected.
In Ukula this cross-section is not applicable.
The whole valley is filled with a heavy clay, except a small strip
along the small river and neat the lake. According to Whithworth
this clay is the same as in part C of fig. 1.

(Holocene age).

But a deep exposure near the river shows that the material is
exactly the same as which is found in the lake beds (?) near Sena.
The difference between Sena and Ukula is, that Ukula there was no
erosion like in Sena. Ukula is not dissected, only by a small
river.

The erosion of this may be that after lowering of the

high lake level in Pleistocene times, the area of Sena is tilted.
(Tilting is also mentioned by Whithworth).
At last it may be interesting to notice that since the heavy rains
of 1961 Lake Victoria has taken a lot of land near the coast and
this process is still continuing.
2.3 Topography.
The highest point of the surveyed area near Sena is approximately
60 metres above present lake level (1975).
The whole plain has a slope of about k-6%,

except the part near

the lake, which is flat or nearly flat. The upper part is strongly
eroded, and dissected by many deep to moderately deep gullies
(5-10 metres).

In the lower part these deep gullies are not found

anymore, because there they are filled with their own sediments.
Yet there is a rather severe erosion in the lower part. Many
small gullies (0.5-1 metre) are formed during heavy rains.
However the eroded material mostly does not reach the lake, it is
deposited after a few tens of metres. Everywhere remnants of old
terraces are found*

However they are in a bad condition, except on

places which are still used as arable land.
The highest point of the area in Ukula is about 30-^-0 metres above
present lake level. The valley has a slope of 3-3% in the upper
part, the lower part is almost flat (0-2%).

There is hardly any

gully erosion, except very near the small stream which dissects
Ukula valley.

Terraces were not found.
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2.4. Climate»
Climatic data of Mfanfano Island are very sparse. Near Ramba
school is a small meteorological station, but there were no
data available»
In general it can be starod that the main rainfall peak is in
March to April, with dry periods in January to February and
in June to November.

Total rainfall is 750 - 1,000 mm.

However in the area near Sena it will be less, because this
is situated in the rainshade of the mountain (most of the rain
comes from over the lake, from westerly directions).
2.5. Landuse and vegetation.
In the beginning of this century, Mfangano Island was densely
populated.

The people lived all near the foot of the mountain

or even higher up, for fear of enemies and robbers, coming
with their ships to the shores of Mfangano.
The gardens extended from a part of the coastal plain, to far
up the steep slopes of the mountain.
used for grazing.

The remaining land was

A catastrophic outbreak of sleeping disease

around 1910 diminished the population.
erosion started, because

From this moment severe

a lot of land was abandoned, and big

herds of cattle (concentrated by inheritage) destroyed the
terraces and the vegetation»

Formation of the big gullies

has also started in this time. According to the information
of the local people, all these gullies were former cattle
paths to the lake; erosion converted the cattle paths into
big gullies.
Nowadays the old gardens with remnants of their terraces are
still recognizable. On the mountain almost all the soil is
removed by erosion, and a thorny scrub vegetation has developed.
The plain is partly used as arable land. Most of the gardens
are situated near the lake. The rest is used for cattle and is
seriously overgrazed.
The most important crops are maize, millet, cassave, beans,
bananas and sugarcane. Also oranges, papayas and mangos are
found.
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3»

SURVEY METHODS

3.1. General.
The survey of Sena and Ukula is originally set up as a "sample
area" survey for a less detailed one of the whole Island.

(see

PR 13) This was one of the most important factors determining
the character of fehe survey.
Also the instruction to compile an irrigation suitability map
has influenced the survey method, because for this purpose a
more detailed survey was needed.
For the preparation of the fieldwork a geological report of
Mfangano was studied (The Geology of Mfangano, Whithworth, 1955).
Aerial photographs scale 1:12,500 were used»
3.2. The fieldwork.
The field-data were gathered by means of pit and" auger observations
and put on special prepared forms.

(see appendix I and II). After

the survey these data were stored in the centre of the Training
Project in Pedology at Kisii and will be submitted to the NAL at
Nairobi at the end of 1978 (KSSP).
Every 50 to 100 metres an augering was done by means of an Edelmanauger, in a direction rectangular on the contourlines, and to a depth
of 2 metres, or down to the rock if shallower.
For a better understanding of the felation augering-data and soilprofile, several pits were dug in the beginning of the survey. At
the end of the survey pits were dug for an exact profile description
of the different soil units. For this purpose the "Guidelines for
soil description" of the FAO were used.
Samples were taken of each horizon of the different soils on the
soil map.

The chemical data of these samples were not available when

this report was made.

k.

MAPS OF SEMA AND UKULA.

^.1.

The Soil Map.

^ . 1 . 1.Compilation.
For the compilation of the soil map aerial photographs scale
1:12,500 were used.

First a base map was made by using the

slotted template method.
The topographical data and the soil boundaries (put on the
photograph during the field work) were transferred with the
aid of a vertical sketchmaster (Keuffel and Essen).
Legend and soil symbols were put on this map.

Before hand

some copies were made for the compilation of Irrigation
Suitability Maps and s Pit and Augering location Map.
^.1.2. Legend.
In the legend three main groups are distinguished:
1 . The shallow soils on various rock type.
2 . The deep and very deep soil on unconsolidated, very porous
and probably lacustrine material.
3 . The deep and very deep soils on unconsolidated alluvial
deposites.
The first group is subdivided on basis of differences in
parent material.

The last two groups are subdivided in non

to slightly cracking soils and in strongly cracking soils.
These subdivisions comprise the soil series.

In total twelve

soil series are distinguished..
The series are again divided in types and phases.
A copy of the legend can be found as appendix IV at the end of
this report.
if.1.3.Series, types and phases with their symbols.
The

twelve soil series, which are distinguished in this survey

have mostly not yet recieved a series name, but are only
described by a symbol.

This is done

in relation with the

detailed survey of Rusinga Island, where the same series occur.
The first letter (capital )of the symbol:
S = Shallow, rocky:
L = Lacustrine deposites.
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A = alluvial deposites.
The second (minor) letter:
n = non to slightly cracking.
c = strongly cracking«
The third letter:
A,B,C or D«. These letters indicate the first letters
of imaginary soil names.

(geographical names).

Type: texture of first 18 cm.
A = silty clay and clay.
B = courser than silty clay and finer than sandy loam.
C = courser than sandy loam.
Phases: I. Soil depth i.e penetrability of the soil with the auger
0 = more than 150 cm.

very deep

1 = 100-150 cm

deep

2 = 50 -100 cm

moderaèely deep

3 = 30 -50

cm

shallow

k =

cm

very shallow

0 -30

II. Slope:
A = 0- -]%

level

B = 1- y/o

nearly level

C = 3- 5%
D = 5-10%

very gently sloping
gently sloping

E = more than 10%» sloping to steep.
III. Erosion:
e,.- light erosion,,
(gullies not deeper than 10 cm)
e~= moderate erosion.
(gullies of 10-30 cm)
e~= severe erosion.
(gullies deeper than 30 cm)
IV „ gravel:
0.2 - 7 cm in diameter within the profile
0-,= 5 - 1 5 vol. %
C2= 15 -50 vol. %

slightly gravelly
gravelly

C,= more than 50 vol.% very gravelly

(0/
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V. stoniness:
7-25 cm in diameter, at the surface (%)
T =

5-10 vol.%

T - 10-40 vol.%

slightly stony
stony

T^= more than 40 vol.% very stony
The phases drainage and stoniness in the profile are not used.
The drainage phase is not used because there were no visible signs
of bad drainage.

The phase stones in the profile is not used

because stones occur very locally, only where filled-üp.and. hurried gully beds are near the surface.

These sites are however

- not visible on the. „photographs and due to the scale of this survey
it was not possible to indicate them on the map.
Very few boulders (0 more than 25 cm) were found on the foot of
the mountains, but they were not mapped as they occur together with
the- very shallow and for agriculture almost unsuitable soils.
Each mapping unit is indicated by a formula with the symbols for
theseries, types and phases mentioned above.
For example: LnA - A
C . - e2,C1,T2

in which,

LnA = series symbol (see explanation abbreviations)
A,.

= type with soil depth

C

= slope

e?

= erosion

C.

= gravel in profile

T~

= stones at surface

4.1.4. Short description of the soil series.
SA : ( Non comparable

to series in Mbita detailed survey).

( see appendix III, profile 1)
Surface in hectares: 92.2
These series occur near the foot of the mountains of
Mfangano, on strongly dissected slopes, ranging from
5 to 10%.

There is much erosion: class e.-.
3
class is T_.

The stoniness

The series includes very shallow, weak fine subangular
blocky olive brown sandy loam.
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The A-horizon is often removed by erosion; present the colour
is dark gray brown.

The series is excessively

drained»

SB :(non comparable to series in Mbita detailed survey)
(see appendix II, profile 2)
Surface in hectares: 3.9
The series occur also near the foot of the mountains of
Mfangano but only near the Catholic Church of Sena, near a
complex of calcareous mudstone.outcrops,

Slopes range from

5 to 10%' and are non dissected, but there is a lot of sheet
erosion on the steep slopes.
little erosion and soils
2.

On the more flat parts there is
are deeper.

The stoniness class is

The series comprises shallow, weak subangular blocky brown

clay loam.

The A-horizon is normally 10 to 15 cm thick and

has a dark brown colour.

The soils are somewhat

excessively

drained.
LnA:(non - comparable to series in Mbita detailed survey),
(see appendix III, profile 3)
Surface in hectares;. 133.8
The series is found on the flat
upper part of the coastal plain.

parts of the strongly dissected
Slopes range from 5-10% in the

strongest dissected part, to h-5% in the less strongly dissected
part.

Stoniness class is 1.

Sometimes stones are found in the

profile, but then they occur either very superficially of very
locally in old filled-up gullies, which are burried again in
the oame type of sediments as in the surrounding.
The series comprises very deep (more than 150 cm) waek very fine
angular blocky brown clay loam soils.

The A-horizon is dark

brown and very thick (more than 100 era).
The soils are well drained.
LnB:(non - comparable to series in Mbita detailed survey),
(see appendix III, profile

k)

Surface in hectares: 12.5
The series normally is found on convex slopes ranging from
5~10%, at the transition of the upper coastal plain to the middle
part.

Stoniness class is normally 0.
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The series includes weak very fine angular blocky brown clay
loam soils. The A-horizon is removed by erosion, only sometimes an A is recognizable.
b
P
The series is well drained.
LcArMbita series ( MbN, PR 11, Mbita detailed survey),
(see appendix III, profile 5)
Surface in hectares: 16.6
The series is found on the strongly dissected uniform slopes
(towards the lake) and convex slopes (towards the gullies)
ranging from 5-10% to more than 10%. Stoniness class is normally
0.

The series comprises deep very strong coarse angular blocky

very dark gray brown clay soils, with many broken iron/manganese
cutans, and many slickensides close enough tf> intersect.
The

A-horizon is rather shallow (20-30 cm) and is dark brown.

The soils are well drained (due to their exposition).
LcB:Gembe series ( GeN, PR 11, Mbita detailed survey),
(see appendix III, profile 6)
Surface in hectares: 28.6
The series is found on non dissected uniform slopes of about k%.
The stoniness class is 0.
The series includes very deep (more than 150 cm) moderately
coarse angular blocky dark yellowish brown clay soils with many
slickensides close enough to intersect.
The A-horizon is dark brown and rather shallow (20-30 cm).
The soils are moderately well drained.
AnA: (non-ccnpsrjble aeries.in iibita detailed*SurVev* .
(see appendix III, profile 7)
Surface in hectares: 57«5
The series is found on the almost flat gully bottoms. Slopes
towards the lake range from 1 to 2%. The stoniness class is
normally 1. The series comprises very deep mostly structureless
layered sediments. Texture ranges from sandy clay-loam to medium
fine sand. The A-horizon is ohr.llow (10-20 cm). The soils are
moderately well drained.
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AnB:Andugo

series ( AnN, PR 11, Mbita detailed survey),

(see appendix III, profile 9)
Surface in hectares: 26.7
The series is found on little dissected slopes of the middle
part of the coastal plain, ranging from 5 to J>%.
The stoniness class is 1 or less.
The series includes very deep strong angular medium blocky,
dark brown clây soils, on top of strong very coarse prigmatic
dark brown clay soils, with many slickensides, close enough
to intersect.
The A-horizon is shallow (10-20 cm) and is dark brown.
The soils are well drained.
AnC:Victoria series (ViN, PI? 11, detailed survey)„
(see appendix III, profile 8)
Surface in hectares: 65.8
The series is found on the non dissected lower part of the
coastal plain, with slopes ranging from 0> to 2%.m
The stoniness class is 0.
The series comprises very deep non structured very dark
grayish brown clay to clay loam soils.
The A-horizon is shallow (10-15 cm) and is dark browm.
The series is moderate well -drained.
AnD: (no comparable

series in Mbita detailed survey),

(see appendix III, profile 10)
Surface in hectares: 10.9
The series is found on the beach of the coastal plain, with
slopes ranging from 0 to 1%.
The series
black sand.

The stoniness class is 0.

includes very deep non structureed coarse mostly
Only an A -horizon of about 20 cm is present.

The series is somewhat excessivel3r drained.
AcA:Miguma series ( MiN, PR 11, Mbita detailed survey),
(see appendix III, profile 11)
Surface in hectare s: 13»7
The series is found on the small dissected middle part of.

1*t

the coastal plain, with slopes ranging from 2 to h%.
The stoniness class is 1 or less.
The series comprises very deep strong coarse prismatic dark brown
clay soils with many slickensides close enough to intersect, on
buriecl '.oderately coarse prismatic very dark gray brown clay
noils with common slickensides close enough to intersect.
The A-horizon is very shallow (10 cm or less).
The series is sonrewhat .imperfectly drained.
AcB:Kasigunga series (KsN, PI? 11, Mbita detailed survey)
(see appendix III, profile 12)
Surface in hectares: 3«9
The series is found on non dissected almost flat parts of the
Ukula Valley, with slopes ranging from 1 to 2.%»
The series.includes very deep strong coarse prismatic dark gray,
clay soils, with many slickensides close enough to intersect.
The A-horizon is very shallow (10 cm or less).
The soils are poorly drained.

15.
4.2c

The Pit and Augering location Map.

4.2.1.Compilation.
For the compilation of the pit and augering
location map a copy of the soil map without symbole and
legend was used,
Locations of pits and augerings, which were put on the
aerial photographs during the field work, are transferred
without the sketchmaster.
4.2.2.Explanation of the used symbols and numbers.
To indicate the location of an augering a point is used
with a number.
out„

In the Sena area 120 augerings were carried

The data of these observations are pût in the Data

Storage of the Training Project in Pedology, Kisii, Kenya.
In Ukula Valley 33 augerings were made.
To indicate the location of a pit a black square is used.
In Sena 20 pits are described and in Ukula Valley 2.
Profile description forms are in the Data Storage.
On the map also an explanation is given of the used symbols
for: soil boundary, gully, streamlet and survey boundary.
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'r.3.

The Irrigation Suitability Map for Border and Furrow Irrigation

^.3.1. Compilation.
For the compilation of this irrigation suitability map a copy
of the soil map without symbols legend was used as base map.
Five classes are distinguished and marked on the map by different
hatchings.
^.3.2. Explanation.
First of all it should be stressed that the classification of
the soils of Sena and Ukula valley in five irrigation
suitabilityclasses is rather arbitrary.
properties were not available.

Data of the physical

It was also not possible to

implicate good economic factors and technical possibilities
in this classification, due to the short time which was
available for the survey.
In the. classification physiographic factors like slopes and
rate of dissection by gullies are important, also soil-depth,
drainage, permeability and the presence of swelling clays.
It should also be remarked that the classification is based on
comparision.

For example: the soils in class 1

(very well

suitable) are the most suitable ones in Sena or Ukula , but it
may

be possible that they are moderately well suited when

compared with very good soils on the mainland.
The five classes are:
Class I: Very well suited.
It includes the soil series AnA , AnC

and LnA (partly) in

Ukula valley. Good Drainage and low percentage of swelling
clays. A small part of LnA is not very well suited beeause
of strong dissection and erosion.
In Sonn it comprises the series LnA (partly) and AnB (partly).
Also here are good drainage, low percentage of swelling clays
and dissection the most important factors.
Only a small part of series LnA is very well suited. The other
parts are to dissected. Of the series AnB a part is not very
well suited because it is to gravelly. The series AnC

is in

Sena not very well suited because its drainage is less good
than in Ukula.

Class II
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: Moderately suitable.

In Ukula Valley this class includes the series LcB.
Permeability is less good, but with good irrigation management it
must be possible to make irrigation succesfull.
comprises the series LnA (partly), AnC

and AnD.

In Sena it
The part of LnA

is too much dissected to be very good suitable, but dissection
is not strong enough to be poorly suitable. The series AnC
put in this class because of its medium permeability.

is

Of the

series AnD the water holding capacity may give problems, but these
soils are so near the lake that an extra gift of irrigation water
will be not too costly.
Class III : Very poorly suitable.
This class is found in Sena and it includes the series AcA.

In

Ukula it comprises the series AcB.
The high percentage of swelling clays and the very low
permesbility makes these soils poorly suitable..
Class IV :. Very poorly suitable.
In Ukula it comprises the soil series LnA (partly).

In Sena:

LnA (partly) and LnB.
The strong dissection and the also strong erosion in these parts
makes border or furrow irrigation almost impossible.
Clans V:Unsuitable.
It includes all the shallow and very shallow soils in Sena and Ukula
The soil series LcA is also put in this class because this part
is very strongly dissected and there is also a very strong erosion.
Data of pH and EC of these soils were not yet available when this
report was made, but it is very likely that this area is salty.
The series AnA has a too high flooding hazard and is therefore
classified as unsuitable, unless its soil-properties are very good.
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k.k.

The Irrigation Suitability Map for Sprinkler and Trickle
Irrigation

^.^.1. Compilation.
For the compilation of this irrigation suitability map a
copy of the soil map without symbols and legend was used
as base map.

Also here five classes are distinguished

and marked on the map by different hatches.
k.k.2.

Explanation.
The most important differences between this map and the
suitability map for border and furrow irrigation is that
the dissection by gullies is much less important in the
case of sprinkler and trickier irrigation.

S <il structure

porosity, permeability and soil depth are now important factors.

In the classification

no economic factors are taken

into account.
The five classes are:
Class I: Very well suitable.
In Sena it comprises almost the whole series LnA, a small
part is too gravelly. Further it includes the series AnIL,
except a small part which is too gravelly. Also the parts
of the series LnB which are :lot too steep and have not too
much erosion are put in this class. In Ukula Valley this
class comprises the series LnA (partly), AnA.nnd. AnCp.-The small
part of LnA is not put in this class because there is too much
erosion. The series AnA has very good soil properties and no
flooding hazard ( this is the reason why the series AnA in
Sena is unsuitable). The series AnC_ has better soilpróperties
as AnC in Sena and thats why AnC is not put in the first
class.
Class II : Moderately well suitable.
This class includes the series AnC- and AnD in Sens and the
series LcB and AcB in Ukula.
The permeability of AnC , LcB and AeB is too low for class 1,
and that if AnD too high.
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Class III î Poorly suitable.
It comprises most of the series LnB in Sena and a small part of
LnA in Ukula. Both parts are too rauch susceptable in erosion.
Class IV: Very poorly suitable.
This class only includes the series AcA. The permeability is low,
it has a very high percentage to swelling clays, and the soils
are probably saline.
Class V: Unsuitable.
In this class are put all the shallow soils and the series LcA.
Of the shallow soils it can be said that there will be some
spots which are not absolutely unsuitable, soildepth can vary
abruptly and is also very irregular. So in general these soils
are unsuitable.
The series LcA is again too much susceptible to erosion, and is
very probably saline.
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5.

'SOMS CONCLUSIONS AND RECOMMENDATIONS.

5.1. Conclusions.
In general it can be stated that soils of Sena and Ukula are
rather good for agricultural purposes, except in the strongly
eroded and dissected depression in the coastal plain of Sena,
where soils are probably saline (series LcA and AcA). In Sena
there is much more erosion than in Ukula Valley« Sena seems
also to be dryer than Ukula (reason for a stronger erosion in
Sena , due to higher rainfall intensity7)
Soils in Ukula are more developed than in Sena and have a higher
percentage of swelling clays in the probably lacustrine deposits.
The entire Ukula valley is suitable for irrigation.
In Sena only the lower coastal plain and a part of the middle
coastal plain is suited for border and furrow irrigation.
The best soils of Sena are the soils of the upper part of the
coastal plain, but they are rather strongly dissected.
Trickle irrigation will be in this part of Mfangano the best
suitable, but this system of irrigation has not been introduced
yet.
5.2. Recommendations.
1. To do more research to the chemical and physical properties of
the soils.
2. To take as soon as possible measures to prevent the severe
soil erosion.
3. To do some investigations into the possibilities to decrease
the high run-off, in order to get water available for the crops
(water conservation).
L
t. To try to obtain climatic data.
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Appendix 1

Routine Augerhole Observation Form

i

S280/JK/WGS-22-11-74
Routine augerhole observations
Kisii Training programme in pedology
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Appendix 2
Soil Profile Description Form

SOIL PROFILE DESCRIPTION FORM

KENYA SOIL SURVEY PROJECT
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Appendix III

Detailed description of individual soil units.

i
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Profile No. 1. (pit M 1)

Mapping unit: SA

Classification

Litic Ustropept (Soil Taxonomy 1970)
Calcic Carabisol (FAO 1970).

Location

Sena, Mfangano, see pit and augering
location map,

Elevation

jSoo ft.

Described by

A.P. Oosterom, on 2^-6-1975-

Physiography

footslope.

Sürounding landform

hilly (mountain) and undulating
(coastal plain).

Microtopography

rests of former terraces.

Slope

7%

Vegetation / Landuse

idle land; poor grazing.

Climate

see report.

Parent material

tuffaous rock (Nephelinite agglomerate),

Drainage

Excessively drained.

Moistness

very dry.

Surface stoniness

stony (class 2 ) .

Rock outcrops

rocky (class 2 ) .

Erosion

moderately sheet and rill erosion.

Presence of salts

free.

Human influence

terracing (not recent).

Profile Characteristics
A1

0-25

cm: Dark gray brown (2„5 YR k/2)

when dfcy, olive brovm

(2.5 YR 3/*0 when moist, sandy loam; weak fine
subangular blocky; non plastic non sticky, very
friable when moist, slightly hard when dry,common
very fine pores; few small angular stones and few
gravel}, strongly calcareous, many very fine and fine
roots, clear and smooth boundary.
B/C

R

25-80 cm
ca

Rotten rock; light brown gray (2.5 YR 6/2) when dry,
olive brown (2.5 YR 3/5) when moist, loamy fine sond;
massive non sticky, non plastic, very friable when
moist, soft when dry; broken and continous thick
carbonate coatings; common very fine pores; strongly
calcareous; few very fine roots; gradual and wavy
boundary.

80 - 120+cm: Light brown gray (2.5 YR 6/2), strongly calcareous
tuffaous rock (Nephelinite agglomerate).
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Profile No. 2. (pit M 20)

Mapping unit: SB

Classification

Soil Taxonomy 1970: Litic Ustropept
FAO 1970
: Eutric Cambisol

Location

Sena, Mfangano, see pit and augering
location map.

Elevation

3750 ft.

Described by

A.P. Oosterom, on 8-8-1975«.

Physiography

rest of old plateau

Surrounding landform

undulating

Microtopography

none»

Slope

6%

Vegetation / Landuse

arable land„
• see report,

Climate
Parent material

mud stone.

Drainage

somewhat excessively drained.

Moistness

moist.

Surface stones

fairly stony

Rock outcrops
Erosion

fairly rocky
slight rill erosion

Presence of salts

free

Human influence

agriculture.

Profile characteristics:
Ap

0-15

cm: Dark brown (10 Y^î 3/3) moist, brown (10 YR 5/3)
when dry, clay loam; slightly plastic, very friable
when moist, soft, when dry; many fine and common
medium pores; many gravel, many stones and few
boulders; calcerous; many very fine and common fine
roots; gradual and smooth boundary.

B/C 15 - 50

cm: Brown (10 YR 5/3) when moist, light yellowish brown
(10 YR S/k),
clay loam; weak subangular blocky;
slightly sticky, slightly plastic, very friable
when moist, slightly hard when dry, many angular
weathered mudstone gravel,very many angular
weathered mudstone stones; strongly calcareous;
few roots; diffuse wavy boundary.

R

50 - 60+ cm:Yellow (10 YR 0/6) flaggy and compact mudstone;
strongly calcareous«
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Profile No.3(pit M 7) : Capping unit: LnA.
Classification

: Soil Taxonomy 1970 : Pachic Haplustoll
FAO 1970

Location

: Haplic Phaeozem

See pit and augering location map

Elevation

4000 ft.

Described by

A.P. Oosterom, on 8-8-1975

Physiography

upper part of coastal plain.

Surrounding landform

undulating

Microtopography

ridges (about 30 cm) relic from former terrace
termite mounds.

Slope

: 6%.

Vegetation / Landuse
Climate

: idle land.
: see report.

Parent material

: probably lacustrine deposites.

Drainage

: well drained

Moistness

: moist through profile

Groundwater

: unknown, no influence on profile.

Surface stones

: few

Rock outcrops

: none

Erosion

: slight to moderate gully erosion

Presence of salts

: none

Human influence

: terracing, plough layer.

Profile characteristics
Ap

0-15

cm: Gray brown (10 YR 5/2) when dry and very dark brown
(10 YR 2/3) when moist, clay loamy strong very fine
subangular blocky; slightly sticky, slightly plastic,,
very friable when moist, soft when dry; many very fine
and common fine and coarse pores; non calcareous; very
many very fine, common fine and few coarse roots;
gradual and smooth boundary.

A11

15 - 50 cm:Gray brown (10 YR 5/2) when dry and dark brown (10 YR
3/3) when moist, stony, clay loam; strong very fine
subangular blocky; slightly sticky, slightly plastic,
very friable when moist, soft when dry; many very fine
common fine and few coarse pores; non to very slightly
calcareous; very many fine, common fine roots; clear
and wavy boundary.

A12 50 -180 cm: Gray brown (10 YR 5/2) when dry and dark brown (10 YR
3/3) when moist, clay loam; moderate very fine angular
blocky; slightly sticky, slightly plastic; soft when
dry, very friable when moist, many very fine, common
fine and Sew coarse pores; few small soft irregular
white calcium carbonate nodules; strongly calcareous
common very fine, few fine roots; gradual and smooth
boundary.
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B2

Brown (10 YR k/3)

l80-200cm+

when moist, clay loam; weak very fine

angular blocky; slightly sticky, slightly plastic,•very
friable when moist, many very fine and common fine pores;
few small soft irregular white calcium carbonate nodules;
strongly calcareous.
Profile No. k (pit M 17) : Mapping unit; LnB
Classification

Soil Taxonomy: 1970: Typi c Ustropept
FAO

1970: Çutric Cambisol

Location

See pit and augering location map.

Elevation

38OO ft

Desdribed by

A.P. Osterom, 8-8-1975«

Physiography

border of a level in coastal plain

Surrounding landform

undulating

Microtopography

ridges (about 30 cm high) relic from former
terraces.

Termite mounds.

Slope

7-9%.

Vegetation/landuse

cropland (millet)

Climate

see report

Parent material

probably lacustrine deposits

Drainage

well drained.

Moistness

topsoil dry, subsoil moist.

Surface stones

few

Groundwater

unknown, no influence on profile

Rock outcrops

none.

Erosion

moderate sheet and gully erosion.

Presence of salts

none.

Human influence

terracing and plough layer.

Profile characteristic
Ap

0 - 15 cm: Gray brown (10 YR 5/2) when dry and dark yellowish brown
(10 YR k/k)

when moist, slightly gravelly clay loam; weak

very fine subangular blocky; slightly sticky, slightly
plastic, very friable when moist, soft when dry; many
very very fine, common fine and few coarse pores; many
large hard irregular white calcium carbonate nodules;
strongly

calcareous; common fine and few coarse roots;

gradual smooth boundary.
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B2

C

15 - 100 cm: Brown (10 YR 4.5/3) when moist, clay loam; weak
very fine angular blocky; slightly sticky,
slightly plastic, very friable when moist, soft
when dry; many very fine and common fine pores;
few small soft irregular white calcium carbonate
nodules; strongly calcareous; gradual and smooth
boundary.
100 -200 era:

Yellowish brown (10 YR 5/6) when moist, clay loam
structureless, massive; slightly sticky, slightly
pla -tic, very friable when moist; mant very fine
and common fine pores; very few small soft
irregular white calcium carbonate nodules; strongly
calcareous«

Profile No. 5« (pi* M 11.) : Mapping unit: LcA
: Soil Taxonomy 1970: Paleustollic
Classification
»
Chroraustert.
FAO 1970
: Chromic vertisol
Location
: See pit and augering location map.
: 380O ft.
Elevation
: strongly dissected depression in
Physiographic position
coastal plain.
Described by
: A.P. Oosterom on 22-7-1975
Surrounding landform
: Rolling
Mierotopography
: Deeply insected gullies with rills in
between.
: 6% towards lake, 50% towards gully.
Slope
Vegetation
: Accacia spacies.
Climate
: see report.
Parent material
: probably lacustrine deposites.
Drainage
: well drained.
Hoistness
: Topsoil dry, subsoil moist.
Groundwater
: unknown, no influence on profile.
Surface stones
: none.
: none.
Rock outcrops
Erosion
: severe gully and chamei erosion.
Presence of salts
: probably calcium, magnesium and sodium
salts.
: wood cutting (charcoal)«
Human influences
Profile characteristics
A11

0 - 10 em

Very dark gray brown (10 YR 3.5/2) when dry and dark
brown (10 YR 3/3) when moist, slightly ^rvvc-lly (by
concretions) -clay; strong fine angular to subangular
blocky; slightly sticky, plastic, friable when moist
hard when dry, common fine pores; many large hard
irregular white calcium carbonate (?) nodules;
strongly calcareous; many very fine, common fine, few
medium and coarse roots; clear and smooth boundary,,
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A12

10 - 30 cm: Very dark gray brovm (10 YR 3/2) when moist,
clay; Strong very fine angular blocky; slightly
sticky, plastic, friable when moist, very hard
when dry;few very fine pores; few hard-irregular
white calcium carbonate (?) nodules; strongly
calcareous; many very fine, few fine, medium and
coarse roots; diffuse wavy boundary.

B2

30 - 120 cm: Very dark gray brown (10 YR 3/2) when moist, clay
strong coarse angular blocky; slightly sticky,
plastic, firm when moist, extremely hard when dry
many broken iron/manganese (?) cutans, many
slickensides
close enough to intersect; none
to very few very fine pores; few large hard
irregular white calcium carbonate (?) nodules;
strongly calcareous; gradual and wavy boundary»

C

120 -^00 cm:

Yellov/ish brown (10 YR 5/^) when moist, clay; macssive ; slightly sticky, slightly plastic, firm
when moist, very hard when dry; no pores; few
soft irregular white calcium carbonate (?)
nodules and many small soft irregular iron/
manganese nodules; strongly calcareous.

Profile No. 6 (pit M 25)
Classification
Location
Elevation
Described by
Physiography
Surrounding landform
Microtopography
Slope
Vc-.'getation/Landuse
Climate
Parent material
rainage
oistness
Groundwater
Surface stones
Rock outcrop.
Erosion

S

Proesence of

salts

Human influence
A1

Mapping units: LcB
Soil 'Taxonomy 1970: Typic Chromustert
FAO 1970
: Chromic Vertisol
Ukula, Mfangano, see pit and augering
location map„
3750 ft.
A.P. Oosterom on 6-8-1975
Upper part of coastal plain«
Almost flat.
none.
k% towards lake.
grass, pasture
see report
Probably lacustrine deposiis
moderately well drained
moist.
unknown, no influence on profile
none.
none.
none.
none.
Land sometimes used for crops.

0 - 30 cm: Dark yellowish brovm (10 YR 3/^) when dry, dark
brown (10 YR 3/3) when moist, clay, strong fine
subangular blocky; slightly sticky, slightly
plastic, very friable when moist, slightly hard when
dry; many fine pores; non calcareous; many fine 3 n d
very fine, common medium and few coarse foots;
gradual and smooth boundary.
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B2

30 - 100 cm: Dark yellowish brown (10 YR k/k) when moist,
clay; coarse angular blocky; sticky and plastic
firm when moist, very hard when dry; many
slisrkensides
close enough to intersect; few
fine pores; non calcareous; few fine roots;
gradual and wavy boundary»

B3

100-150

C

cm: Dark yellowish brown (10 YR 3/*0 when moist,
slightly gravelly (nodules^ clay; moderately
coarse angular blocky; slightly sticy
slightly plastic; firm when moist; few
slickensides; common fine pores; many small
hard irregular calcium carbonate nodules;
diffuse and smooth boundary.

150 - 2 0 0 cm: Yellowish brown (10 YR 5 A ) when moist, clay
with silty layers (volcanic ash); massive; slightly
sticky, slightly plastic, very friable when moist;
many very fine and fine pores; strongly calcareous»

Profile No. 7. (pit M 11)
Classification
Location
Described by
Elevation
Physiographic position
Surrounding lanfiforra
Microtopography
Slope
Vegetation/landuse
Climate
Parent material
Drainage
Moistness
Surface stones
Groundwater
Rock outcrop
Erosion
Presence of salts
Human influence
A1

C

0-20

Mapping unit: AnA 1,2
Soil Taxonomy 1970 : Typic Ustifluvent
FAO 1970
: Calcaric Fluvisol
Sena, Mfangano, see pit and augering
location map.
A.P. Oosterom
380O ft.
gully bottom
undulating
none
2%

scrubs and grasses.
see report
recent alluvial deposites.
moderately well drained
moist.
few.
unknown, no influence on profile
only in gully heads
locally (discontinue gullies)
none
locally cropland.

cm: Dark brown (10 YR 3/3) when moist, clay loam;
strong very fine angular blocky; slightly
sticky, slightly plastic, very friable when moist,
slightly hard when dry; many very fine and common
fine pores; strongly calcareous; many very fine,
common fine and few coarse roots; clear and smooth
boundary.

20 a 200 cm: Dark brown (10 YR 3/3) when moist, sandy clay loam
and medium sand (layered sediments) , structureless
(massive and single grain), variable consistence;
many very fine, and smooth fine pores; strongly cal«
careous.
Unit AnA

is similar to AnA , but non calcareous.
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Profile No. 9. (pit M 15)

Mapping unit: Ang

Classification

Soil Baxonomy 1970 : Fluventic Ustopept
on
thapto vertisol
FAO 1970
: Eutric Cambisol
Sena, Mfangano, see pit and augering
location map.
37^0 ft.
A.P. Oosterom $-8-1975
Middle of coastallplain.
undulating.
insected gullies with rills in between
k%
grass and crubs on idle land; used
for grazing.
see report.
alluvial deposites, on thapto profile
(vertisol)
well drained.
topsoil moist,(thapto) subsoil very dry
unknown, no influence on profile
f ew
none.
slightly sheet and gully, locally
moderate gully erosion.
none.
locally terracing.

Location
Elevation
Described by
Physiography
Surrounding landform
Microtopography
Slope
Vegetation/landuse
Climate
Parent material

:
:

Drainage
Moistness
Groundwater
Surface stones
Rock outcrops
Erosion

:
:
:
:
:
:

Presence of salts
Human influence

:
:

Ap

0 - 20 cm: Dark gray brown (2.5 YR k/2) when dry, dark brown
(10 YR 3/3) when moist, fine sandy clay; weak fine
subangular to angular blocky; slightly sticky,
slightly plastic, very friable when moist, hard
when dry; many very fine, few fine pores; few
gravel; strongly calcareous; common very fine and
few fine roots; gradual and smooth boundary.

B2

20 - kO cm: Dark gray brown (2.5 YR k/2) when dry, dark brown
(10 YR 3/3) when moist, clay; strong angular blocky
slightly sticky, slightly plastic, very friable
when moist, very hard when dry; few broken pressure
faces; common very fine, and few fine pores; few
gravel; strongly calcareous; few very fine roots;
clear and smooth boundary.

II B ?

40-120 cm:Dark gray brown (2.5 YR k/2) when dry, dark brovm
(10 YR 3/3) when moist, clay; strong very coarse
prismatic, slightly sticky, slightly plastic, very
firm when moist, extremely hard when dry;
many slickensides close snough to intersect}, few
very fine and fine pores; few gravel; few small
hard irregular white calcium carbonate nodules;
strongly calcareous; few very fine roots»
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Profile No. 8 (pit M 1*0 : Mapping unit: AnC
1,2
Classification

: Soil Taxonomy 1970: Typic Tropofluvent
FAO 1970

: Calcaric Fluvisol

Location

Sena, Mfangano, see pit and augering loc. map

Elevation

3700 ft.

Described by

A.P. Osterom, 7-8-1975

Physiography

coastal plain near the lake,

Surrounding landform

flat to almost flat,

Microtopography

none

Slope

2%

Vegetation/Landuse

pasture and cropland

Climate

see report

Parent material

alluvial deposits,

Drainage

moderately well drained

Moistness

moist.

Groundwater

unknown, no influence on profile (except near
lake)„

Surface stones

none,

Rock outcrops

none,

Erosion

none.

Presence of salts

may be possible

Human influence

agriculture.

Ap

0 - 15 cm: Gray brovm (10 YR 5/2) when dry, dark brown (10 YR 3/3,5)
clay; weak very fine subang'lar blocky; slightly sticky,
slightly plastic, very friable when moist, hard to very
hard when dry; many very fine pores; strongly calcareous;
clear and smooth boundary.

C

15-200 cm:

Very dark grayish brown (10 YR 3/2) when moist, clay to
clay loam, massive, slightly sticky, slightly plastic,
very friable when moist; many very fine and common fine
pores; strongly calcareous; charcoal and rests of old
pottery; common fine and very fine roots.

Unit AnD_ is as AnB , but non calcareous.
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Profile No. 10. (pit M 18) : Mapping unit: AnD
Location
: Soil Taxoncny 1970: Typic Ustipsamment
FAO 1970
Location

: Sena, Mfangano, see pit and augering
location map.
3700 ft.

Elevation
Described by
Physiography
Surrounding landform
Microtopography

A„P0 Oosterom,on 8-8-1975
beach of coastal plain.
flat

Slope

none
r/o.

Vegetation / landuse

arable land.

Climate

see report.
beach sand.

Parent material
Drainage
Moistness
Groundwater
Surface stones
Rock outcrops
Erosion
Presence of salts
Human influence
Ap

: Eutric (?) Eegosol

somewhat excessively drained.
topsoil (0-15 cm) dry, subsoil moist.
only very near lake influence on profile
(groundwater 50 cm below surface).
none
none.
none.
?
agriculture.

0 - 2 0 cm: Mixed colours of black and white, mostly black,
coarse sand; single grain; non sticky, non plastic,
loose dry and wet; all garnet and quarts; non
calcareous; many very fine and fine roots; gradual
and smooth boundary.

C

20 - 150 cm: Mixed colours of black and white, most black, coarse
sand, single grain; non sticky, non plastic, very
friable when moist, soft when dry; all garnet and
quarts; non calcareous; common to few fine roots.
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Profile No. 11. (pit M 19)

Mapping unit: AcA

Classification

Soil Taxonomy 1970: Vertic Cambisol
FAO 1970

Location

: Vertic Cambisol

Sena, Mfangano, see pit and augering
location map.

Elevation

3750 ft.

Described by

A.P. Oosterom, 22-7-1975»

Physiography

depression in coastal plain.

Surrounding landform

undulating to almost flat.

Mierotopography

weak gilgai

Slope

3%.

Vegetation / landuse

mainly Accacia species.

Climate

see report.

Parent material

alluviun of strongly erosing vertisols
(unit LcA.)

Drainage

: somewhat imperfectly drained.

Moistness

: dry.

Groundwater

: unknown, no influence on profile.

Surface stones

: few

Rock outcrops

: none.

Erosion

: slightly gully erosion (along paths).

Presence of salts

: ?

Human influence

: .cutting of trees (charcoal)

A1

0-10

B2

10 - 60

B

2b60

cm: Dark brown (10 YR 3/3) when moist, daayk gray brown
(10 YR k/2) when dry, clay; strong fine subangulor
blocky; slightly sticky, slightly plastic, friable
when moist, hard when dry; many very fine and
common fine poren;. .few small gravel; strongly
calcareous; common fine and few coarse roots,
clear and smooth boundary.
cm: Dark brown (10 YR 3/3) when moist, dark gray btown
(10 YR k/2) when dry, clay; strong coarse prismatic; sticky and plastic, firm when moist, extremely
hard when dry; many slickensides strong enough to
intersect; few fine pores; few small gravel;
strongly calcareous; few very fine roots; gradual
and wavy boundary.

- 120 cm:

Very dark gray brown (10 YR 3/2) when moist, dark
gray brown ( 10 YR k/2) when dry, clay; moderate
very coarse prismatic; sticky and plastic, very
firm when moist, extremely hard when dry; common
slickensides strong enough to intersect; few
fine pores; many small soft irregular white
calcium carbonate nodules; strongly calcareous.

3o

Profile No. 12. (pit 26) : Mapping unit: AcB
Classification

Soil Taxonomy 1970: Typic Pellustert
FAO 1970

: Pellic Vertisol

Location

Ukula, Mfangano, see pit and augering loc. map

Elevation

37'+0 ft.

Described by

A. P. Oosterom, 6-0-1975

Physiography

flat part of the coastal plain.

Surrounding landform

almost flat.

Microtopography

weak gilgai.

Slope

?>(•••'

Vegetation/Landuse

C./0.

Climate

pasture

Parent material

see report.

Drainage

alluvium (?) (montmorillonitic clay)

Moistness

poorly drained.

Groundwater

moist

Rock outcrops

unknown

Surface stones

none.

Erosion

none.

Presence of salts

none.
(?).
agriculture.

Human influence
A1

0-10

cm: Dark brown (10 YR 3/3) when moist, very dark gray
(10 YR 3/1) when dry, clay; strong fine angular blocky;
slightly sticky, slightly plastic, friable when moist,
hard when dry, many very fine and fine pores;; non calcareous; many fine, and common medium roots- gradual smooth
boundary.

332 10-120 cm:

Dark gray (10 YR k/1)

when moist, clay; strong coarse

prismatic; sticky and plastic, firm when moist, very hard
when dry, many slickensides close enough to intersect;
few fine pores; non to very slight calcareous; few fine
roots; diffuse wavy boundary.
C

120-200 cm: Dark gray (10 YR k/1)

when moist, clay; massive; sticky,

plastic, firm when moist, extremely hard when dry; few
fine pores;; calcareous.

39

Appendix IV

Description of the Map Legend

ko
Description of the Map Legend
S

L

SHALLOW MEDIUM TO FINE TEXTURED SOILS ON ROCK
SA

Very shallow to shallow, excessively drained brown
to gray brown, highly calcareous sandy clay loam to
sandy loan,on Nephelinite Agglomerate.

SB

Shallow, somewhat excessively drained, very dark
brown topsoil and light yellowish brown subsoil,
calcareous clay loam on compact and flaggy, calcareous
mudstone (Sena Beds),

DEEP AND VERY DEEP SOILS ON UNCONSOLIDATED VERY POROUS PROBABLY
LACUSTRINE DEPOSITS
Ln

None to slightly cracking medium to fine textures soils

LnA well drained to moderately well drained, dark brown non
calcareous topsoil and yellowish brown calcareous subsoil, clay loam to sandy clay loam.
LnB Well drained, brown to yellowish brown calcareous sandy
clay loam, with many lime concretions on the surface
and without dark brown topsoil.
Lc

Strongly cracking fine textured soils

LcA l/ell drained, dark brovm calcareous clay, with many limeconcretions in profile and on the surface.
LcB Moderately well drained, dark brown to dark yellowish
brown, none, calcareous clay.

41
DEEP AND VERY DEEP SOILS ON UNCONSOLIDATED ALLUVIAL DEPOSITS
An

Non to slightly cracking medium to coarse textured soils

AnA

moderately well drained, dark brown clay to sandy clay
loam, with layers of pure sand, calcareous and charcoal
through whole profile»

AnA

as AnA

but non

calcareous.

AnB

moderately, well drained, dark brown calcareous clay to
sandy clay loam on strongly cracking very tough burried
profile,

AnC. moderately well drained, dark brown to very dark grayish
brown, calcareous clay to clay loam, with charcoal through
whole profile«,
AnC_as AnC

but non

calcareous.

Ani) somewhat excessively drained, very dark brown to black,
medium to coarse, none calcareous sand.
Ac

strongly crocking fine textured soils.

AcA somewhat imperfectly drained, dark brown calcareous clay
on strongly cracking, very tough and burried profile.
AcB poorly to imperfectly drqined, very dark gray, slightly
calcareous clay.
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SHALLOW MEDIUM TO FINE TEXTURED SOILS ON ROCK

e

A

DEEP AND VERY

erosion

SA

V e r y shallow to shallow, e x c e s s i v e l y drained,
b r o w n t o g r a y b r o w n . h i g h l y c a l c a r e o u s sandy c l a y
l o a m t o sandy l o a m , on N e p h e l i n i t e A g g l o m e r a t e

An

: texture of first 18 cm

NON

TO SLIGHTLY

AnA.

A. silty clay and clay

S B

B. coarser than silty clay and
finer than sandy loam
C. coarser than sandy loam

1. 100-150

30- 50

4.

0-30

Ln

NON

TO SLIGHTLY

CRACKING MEDIUM TO FINE TEXTURED

AnC,

SOILS

LnA

Meters

Kilometers

V.
SLOPE

: A.

0-

I %

GRAVEL

IN

Well d r a i n e d t o m o d e r a t e l y w e l l d r a i n e d , d a r k
b r o w n none c a l c a r e o u s topsoil and y e l l o w i s h
b r o w n c a l c a r e o u s subsoil, clay loam to sandy
c l a y loam

0.

C2

5-10
than

25
EROSION: e ^

light
(gullies

e0.

deeper

than

10 c m )

of

10-30

cm

deep)
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than

30

cm)
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STRONGLY

SOILS

of

whole

profile

to sandy

very

tough

brown

c l a y loam o n s t r o n g l y

burried

loam

to

pure sand, calcareous,

calcareous

well drained, dark

clay

Moderately
greyish

calcareous
cracking

profile

well drained, dark

brown

brown, calcareous clay
through
AnC

Somewhat

but

whole

profile

none

calcareous

to c o a r s e , none

to

to c l a y

excesively drained, very

black, medium

brown

calcareous

lime c o n c r e t i o n s

in p r o f i l e

CRACKING FINE
Somewhat
calcareous
burried

very

dark

loam, with

dark

brown

calcareous

to

sand

TEXTURED

imperfactly
clay

SOILS

drained, dark

on s t r o n l y

brown

cracking, very

tough

profile

clay
and

surface

AcB

Poorly
slightly

to

imperfactly

calcareous

drained, very

dark

grey,

clay

STONES AT SURFACE
$f more

than

7

cm

moderate
(gullies

e„.

15-50

Soil b o u n d a r y

ha
VI.

not

5-15 v o l . %

C_ m o r e

10

AC

AcA
'

C1

more

Well drained, brown to y e l l w i s h brown,
c a l c a r e o u s s a n d y c l a y l o a m , w i t h many lime
c o n c r e t i o n s on s u r f a c e a n d w i t h o u t d a r k
brown topsoil

ft 0.2-7 cm

C. 3 - 5
C.

Training

Moderately

AnC a s

PROFILE

B. 1- 3

IV.

through

brown clay

layers

500

LnB

Til.

loam w i t h

clay

charcoal

SCALE 1:12.500

AnD
1000

well drained, dark

sandy

SOILS

VERY POROUS PROBABLY LACUSTRINE DEPOSITS

0. more than 150 cm

3.

Moderately

AnA, as AnA, but none

DEEP AND VERY DEEP SOILS ON UNCONSOLIDATED

50-100

CRACKING MEDIUM TO COARSE TEXTURED

and c h a r c o a l

Shallow, s o m e w h a t e x c e s s i v e l y d r a i n e d , v e r y
d a r k b r o w n topsoil and light y e l l o w i s h b r o w n
subsoil, c a l c a r e o u s c l a y loam on c o m p a c t a n d
f l a g g y , calcareous mudstone (Sena Beds)

AnB

II. DEPT of profile

2.

DEEP SOILS ON UNCONSOLIDATED

ALLUVIAL DEPOSITS

slope

I. TYPE

619

618

617

T

LcB

M o d e r a t e l y w e l l d r a i n e d , d a r k b r o w n to d a r k
yellowish b r o w n , none c a l c a r e o u s c l a y

5-10 v o l . . %
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