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Sunnary

This report describes the results of a seni-detailed soil survey of
a fora of approx. 1,060ha (information from Farm and Land !lanagement
Division) situcted approximately 15 kilometres north of Rongai to:mship
on the%ﬂakurumEldama Ravine road. The average annual rainfall figures
vary #rom 888mm at Kampi ya ‘loto-Rongai to 1052mm at Esageri Grazing
Scheire. Rainfall is bimodal znd the rainy seasons occur generally in the
months of April-August when the average rainfall is 5551 and Septenber-
llarch when it is 420ma. The probability that rainfall is less than 2,/3Eo
during the fApril-fugust and Sentember--llarch periods is 20 and 100 percent
respectively. Based on the climatic study, the area is placed in agrocli-
matic zone III, which has medium high potential for small-holder arable
ferning.

Tive main landforms, namely piedmont plains, volcanic plains, minor
valleys, bottomlands and badlands occur on the farm. These landforms are
associated with tuelve major soll units ithich are indicated on the

accompanying soil maps (appendix 2) at scale 1:50,000;

The soils are developed on pyroclastics and sediments from pyroclastic
rocks of the Rongei plains. The moderately deep to deep and well drained
to imperfectly drained soils occupy the low-lying areas of the volcanic
plains and bottomlands. The shallow and extremely eroded soils are found
in the badlands. The majority of the soils are clayey in texture and have

medium plI and low level of phosphorous, organic carbon, Zn and Cu.

Erosion poses a big problem in the farm and the surrounding areas

although strict measures have becon taken to control it on the farm. About

one quarter of the farm has a slight erosion hazard, one fctw»th a moderate
erosion hazard and one quarter a moderate to severe, or severe erosion
hazard. Gullies of approx. 3-30 metres deep and seversl metres wide occupy
the central portion of the farm (unit:jgf in appendix 2) and the surrounding

areas especially the arez bordering the farm from the east.
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To evaluate the suitability of the land for naize, millet, sorghum,
sunflower and livestock farming with advanced technology, the following land

qualities were considered:

climatic characteristics

soil moisture storage capacity

possibilities of mechanization (use of agricultural implements)

resistance to erosion (sheet and gully erosion after clearing)

presence/hazard of water-logging (availability of oxygen for root gro-rth)

chemical soil fertility

nutritional value of vegetation

.

presence of overgraszing

°

treadibility

(@)

hindrance by vegetation

The criteria for the suitability classification are given in table 5 and 6.
The results of the suitability claessification are outlined in appendixz 3 and are

sumnarized in table 7 and 8.
The following suitability classes are useds

1.1. highly suitable
1.2. moderately suitable

-1.3.. warginally suitable

2. unsuitable ,

Out of a total of approx. 950°ha.of land, 288 ha are considered highly
suitable for arable. faming, 343 ha, highly-moderately suitable, 48 ha. modera-
tely su;table, 53 ha. marginally suitable to . unsuitable and 209 ha. unsuitable,
TPor livestock farming, roughly 335 ha. are highly suitable, -185 ha., highly to
moderately suitable, 97 ha. moderately suitable, 57 ha. marginally suitable and -
204 ha. unsuitable |

¥ - This total was calculated on the basis of the soil map.

/3



1 Introduction

The semi-detailed soil survey was carried out at the request of the
Provincial Director of Agriculture (ilakuru). The investigation was conducted
after a site evaluation of the farm had revealed that there exist different
kinds of soils within tr@ farm and therefore a soil survey at semi-detailed
level would be required to show these soil differences (:lichieka, 1980). The
aim was to establish and describe the conditions of these soils within the
farm for arable farming and animal production., The semi-detailed soil survey
which was started in August 1980 took tir0 months to complete with the labour
being provided for by the station. The survey team comprised of the author,

tw10 technical assistants and a driver.

The author wishes to ackmouledge the cooperation and help. rendered by the
staff of the farm. Also acknowledged is the cooperation of the chemisiry
section of the Hational Agricultural Laboratories which undertook the soil
analyses. Ilessrs. II. Onyono and T, llachira are also acknowledged for taking

part in the soil survey.

2. The environment

2.1, Location, communication and population

The survey arez is situated approximately 15 kilometres north of
Rongai towmship on the HNakuru-Fldama Ravine road, on the piedmont and volcanic
plains east of Kilombe Ilills. The farm covers approximately 1,060 ha. (2,400
acres). It lies within an area bound by approx. latitudes 0° 03'S and 0° 05's
and approx. longitudes 350 52'E and 350 54'E at a mean &)titude of 1,740m
(5,700ft) above sea level (see fig. 1).

The Nakuru--Eldama Ravine road which is tarmacked forms the north-
ern farm boundary and is the major road which passes through the area. The fam

is served by several tracks and cutl.nes which are only motorable during the
dry season.

The population is mainly concentrated along the Nakuru-Eldama
Ravine road. :logotio which is approximately 8 kilometres north east of the
farm is the main shopping centre. It has a hespital, a yelice station, a post
office and several government offices. Other small shopping centres in the

area are luserechi and llolo river.




Fig. 1 Location of the survey area and other semi—detailed soil surveys

T T R

T

-

; KEY J o | e
& [ Semi—detailed soil surveys ‘! =
- 51 - Sem|— detalled 80| surveys camied out by Kenya Soi! Survey e
= Sa...... Semi—detalled soil surveys carried out by other agencies \-,\
~—{] o Location of the survey area ’ o
. w5
~,
N AL/ -
; o
e p -.—3 T opographical | ion derives
- E B e T v wE e & ke :f % ::n::\-:,‘o;:?u Allas base E —
- Ioa [ —
- ¥ [ 1 3 L
1 ’ SENEFES

Drawing No. 79043







2.2.  Climate

The climatic conditions of the survey area can be described 'with
‘data from three nearby stations, viz. Cheumogoch Range Station (Station Mo,
89.35141), altitude 5300ft, 10.5kn NE of Kelelia farm, Esagari Grazing
Scheme (Station No. 89.35087), altitude 5700f%, 10km ] of the farm and Kampi
yo lloto-Rongai (Station No. 90.35022), altitude 6350ft, 9.5km SE of the farm
(see fig.2). These stations have rainfall data of 11, 15 and 46 years
respectively (BAIID Serial Publications 1961, 1971, 1972 respectively).

The average annual rainfall varies from 888mm at Kampi ya  loto-
Rongai to 1082mm at Esageri Grazing Scheme. The rainfall distribution is
shomm in table 1. The area is characterigzed by a five month heavy rainy season
in the period Apfi1~August when the average rainfall is 555mm. The period
September—larch has aa average rainfall of 420um and is considered to be a dry

period,

The average annual temperatures are 20°C at Chemogoch Range Station,

19°C at Esagari QGrazing Scheme and 1900 at Kampi ya lloto-Bongei (BAID, 1970)

The average annual poiential evaporation is in the order of 1739mn
(t7oodhead, 1968). The average annual rainfall (r) and potential evaporation
values of 975mm and 1739mm respectively result in a Q/Eo ratio of 55%. This
puts the area in agro-climatological zone III, which has medium high potential
for small holder arable farming (Breun, 1977b). The water balance data of the
area is given in table 2. They shouw that for the greater part of the year the
rainfall falls short of the estimated crop--water requirement (2/eEo), except in
the April-August period when there is an average surplus of 115am. Yhether or
not this surplus can be stored will depend on the depth and noisture holding
characteristics of the soils. On annual basis, there is an average deficit of
214,

.../5




Fig 2. Location of rainfall stations
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Table 1. Rainfall data (in mm) of three stations around Kelelwa Farm

Station

nunber

Chemogoch

39.35141

BEsagari Grazing

89.35087

Kanpi ya Zloto

90.35022

Areal neans

EAID. Serial publications for the years 1961, 1971 and 1972.

Air Temp.
Year r/Eo

105 97 72 19

132 118 65 73

o

113 104 65 59

117 106 67 10



Tahle 2, ljater balance data of the areas around Kelelwa farm

Rainfall ‘(mm)‘l ) To (_nnnlz) Et(rmn)3 ) r-Et (mm)

January 35 179 119 -84
Pebruary 39 179 119 ~-80
March 73 179 119 —4

April 132 161 107 +25
oy 120 143 95 +35
June 30 125 83 -3
July 17 103 72 +45
August 106 125 33 +23
September 67 143 95 -28
October 70 143 95 -25
November 35 143 95 -10
December _ 51 161 107 -56
Year 975 1739 1189 -214

1. rainfall: areal means from table 1
2. potential evaporation (Eo) estimated with Yoodhead's (1968) equation

Eo = 2422 ~ @ 3'h where Eo is potential evaporation of open water in
millimetres and h is altitude in metres. I‘lean monthly potential evaporation
was taken as a percentage of the yearly total on the basis of measured

evaporation at stations in the Nakuru-Timboroa area.
3. potential evapotranspiration (Et): this was estimated to be 2/3Eo

The seasonal rainfall and crop-water requirement estimates for the area
are given in table 3. The crop-water requirement during the growing season has
been estimated to be 2/3Eo. The probability that rainfall is less than 2/3%o0

during the April-August and September-liarch periods is 20 and 100 percent
respectively.

co )T




Table 3. Seasonal rainfall and crop-water requirement

estimates for the areas around Kelelwa Farm

Season Rainfall<£gm)1) 2£3Eo Smm!z) Pir.§2Z3Eo)3)
April-August 555 428 205

(tlay ~ September)

September-Ilarch 420 741 1005
(October - April)

Source:

1. Rainfall: areal means from table 1

2. Potential evapotranspiration estimated to be 2/3Eo

3. The probability that the rainfall is less than the estimated crop-water
requirement, P(r-.2/3E0), was estimated using Braun's (1977a) tables.

2.3. Geologx, geomorphology and hxdrologz -
2-301 . Geoloﬁz

The major part of the area is composed of pyroclastic rocks and sediments.
The tuffs and ashes of llogotio occupy the area around the store and the minor
valley along the Nakuru-Eldama Ravine rpad. The sediments consist of medium
and fine-grained, banded, tuffaceous deposits (Jennings, 1971). They show
coarse and fine-grained beddings and unconformable cross—cutting of earlier
beds by later ones. The clayey soils which have developed in these sediments

and pyroclastics are very susceptible to erosion.

2.3.2. Geomorphol ozy

The farm extends from the piedmont plains of the Kilombe ilills eastwards
to the Rongai plain. The topography changes from very gently undulating, slope
class AB, along the Nakuru-Eldama Ravine road to undulating, slope class BC,
at the piedmont plain and footslopes of the Kilombe ilills.

.o./3




The central portion of the farm consists of deeply incised eroded
gullies. The area has a very irregular topography. In general the larger
part of it has gently undulating to undulating topography, slope class BC.
linor velleys with gently undulating to undulating topography, slope class BC,
are found in the western side of the farm and around the store. The bottomlands
with flat to very gently undulating topography, slope class AB, are found near
the experimental area along the Nakuru-Eldama Ravine road.

2.3.3. Hydrolozy

There is no permanent stream on the farm. Ilowever, during the rainy
season, a lot of water from the Kilombe hills runs through the minor valleys
of the farm and drains into the ilolo river which ultimately end up into Lake

Baringo. The Tlolo river, which is approzzimately two kilometres east of the
farm, is the only permanent stream and is the main source of water for the
farm. The water is normally pumped from the river and used for consumption in
the farm and the surrounding area. This is supplemented by water from a
recently constructed borehole. The water from the borehole is normally hot;
it is cooled down in tanks before it is used. Several permanent dams have

recently been constructed in the farm.

To establish the suitability of the water for both home consumption
and irrigation (irrigation for lucerne or other fodder crops is planned for in
and around unit Prp, verbal information from the Assistant Farm Ilanager), water
samples were taken from the borehole and the lolo river. The analytical data
are given in table 4, together with the classification of the water for
irrigation according to Ilandbook No. 60 (Richards (e.d.), 1954).

later samples from the borehole have a medium salinity and medium
sodium hazard (C2-S2). This water can be used on most crops and most soils of
the farm. IHowever, infiltration problems may develop on imperfectly drained
soils, unless gypsum is present to leach the excess sodium. Ilolo river water
has a medium salinity and low sodium hazard (C2-S1). The water can be used on
most soils and most crops. Appreciable leaching of salts may be necessary on
salt sensitive crops.
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Table 4. Results of water analyses for irripation

g;mple No. Borehole ' folo River
pli 5.3 8.6
Conductivity

micromhos/cm 750 400
Sodium me/litre 6.96 2.96
Potassiunm me/litre 0.67 0.456
Calcium " " 0.22 46
lagnesium " " 0.54 0.58
Carbonates " " 1.80 0.4
Bicarbonatest ¥ 6.00 3.14
Chlorides ™ " 0.55 0.45
Sulphates " " 0.07 0.02
Sodium Adsorption Ratio 11.36 4.1
Classification '

llandbook No. 60 c2-S52 c2-31

2.4. Present land use

The 1,060ha (2,400 acres) land was acquired in order to raise cattle
for milk production. At the time of the soil survey approx. 125ha (300 acres)
was under finger millet (Eleusine corocana) 4ha (10 acres) under groundnuts and
more than half of the farm under Chloris gayana (Rhodes grass or Pokot grass).
The farm had over 300 heads of cattle specifically being fattened for meat
production. The Kenya Seed Company had set aside approx. 1ha of land for maigze
and sunflower experiments. Ilaize, sunflower, sorghum and finger millet are

being grown in small quantities in the surrounding area.

On a.large part of the farm, which had gone through severe cycles of
sheet and gully erosion, erosion has been brought undsrcontrol. I!However, the
central portion of the farm still has an irregular type of macrorelief,
consisting of pyramid-shaped or dome-shaped islands which are 10 to 20 metres
in diameter and 15 to 20 metres in height. The area is covered by bushland

thicket .of vegetation with a very low and unspecific grass cover.,

.../10
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It is inhabited by few wild animals like dik-dik and antelopes. To prevent
further soil erosion and to create more grazing land for the cattle much of

this area is being cleared, levelled and planted with Rhodes grass (Pokot grass).
Cutoff drains, ridge terraces and small dams have been consiructed in the area

in order to slow down the rapid movement of rainwater from Kilombe Ilills

I’ish farming is being practised in a2 few of the dams. Ilowever, production

is being threatened by pelicans feeding on young fish.

3. Survey methods

3.1. Office methods

As a first step in the semi-detailed soil survey of the Kelelwa farm
the available aerial photographs, topographic and geological maps together uwith

all other existing information were collected and studied.

The surveyed area is covered by recent aerial photographs at scale
1¢50,000 and 1:12,500 flowm in 1967 and 1978 respectively. These aerial photo-
graphs wWere received from the Survey of Kenya.

Prior to the fieldwork all photographs were studied stereospically.
Systematic interpretation of photographs proved very wvaluable. All interpre-
tation boundaries were transferred to a base map, scale 135,000, prepared by the
Soil Conservation section of the Land and Parm !lanagement Division of the
Iinistry of Agriculture, Nalkuru. During the field work all interpretation
boundaries were checked, and where necessary, boundaries were adjusted and new
50il boundaries added to the same base map. This final field map, to =hich

symbols were added, was handed over to the draurhtsman together with the final
soil legend.

3.2. Field methods

The actual fieldwork was carried out from a field station in the survey
area between August and October, 1980. The soil survey was done by one survey

team (one soil surveyor and two technical assistants, one driver and several
labourers).

Routine augerings were done using a grid system of about 300m by 500m.
Augerholes were made to a depth of 150cm, soil depth permitting. In most
mapping units representative sites were selected for 180-200cm deep profile pits,

depth to rock or murram pernitting.

AR




- 11 -~

All observation sites were plotted on the topographical maps. Land and
soil properties were recorded on standard soil profile description forms,
following‘the standards applied by the Kenya Scil Survey and "Guidelines for
Soil Profile Description" (FAO, 1977). Soil colours were noted using lunsell
Colour Charts (Ilunsell Colour Co, 1973). A total of 19 profile pits and 122
augerings were described (for their location see anp. 2). All these description
forms are kept in the Data Storape of the Kenya Soil Survey in Nairobi. In
the profile pits each soil horizon was sampled for physical and chemical
enalyses in the laboratory. In addition, composite samples of topsoils (0-30cm)
were taken from various sites for soil fertility evaluation (llehlich et al,

1962).

3.3. Laboratory methols

Standard anagysis

All soil samples entering the laboratory received the following -

treatment:

Preparation ¢ Breaking up of argregates by careful pounding with
pestle and mortar; sieving through 2mm sieve.

Texture ¢ Nomechanical treatments to remove cementing agents,

(hydrometer) shaking overnight with sodium hexamelaphosphate/sodium

' carbonate in an end-over-end shaker at 40 r.p.m.
Ueasurement of silt + clay (0-0.05mm) and clay
0-0.002mm) with 'a hydrometer ASTI 1521i, after 40 seconds
and 2 hours respectively. Sand fraction (0.05-2.0mm)
obtained by difference (Day, 1956).
As above for clay, but omitting the dispersing agent

Natural clay

during shaking.

pll and electrical

1Y

Determined in 1:2.5 soil: water suspension. For soils
conductivity with an EC over 1.2 mmhos/cm at 2500, a saturation

extract is prepared for pll and EC measurement.

pIl-XC1 s pil measurement in a 1:2.5 so0il-N ¥XCl suspension. Tor
fertility analysis 1:1 suspension in all cases.

Ch : 'alkley and Black method (Black, 1965, pp. 1372/6).

RS : Semi-micro Kjeldahl method (Black, 1965, pp. 1374/5).

.o f12
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Tor soils =rith pll above 7.0, CEC deitermined by
suceoessiva leachings of the soil with N sodium
acetate of pii 3.2, 755 ethyl alcohol and ¥ ammonium
acetate of pil 7.0. Determination of Na in the last
leactete by EEL flamephotometer. For soils with pll
below 7.0 the CEC was determined with ¥ ammonium
acetate of pil 7.0 as the saturating solutiocn. After
a washing step with 96 ethyl alcohol and leaching"
with acidified calcium chloride, Hﬁ4 was determined
by steam distillation and titration.

Soil samples are extracted using 0.1¥. IIC1 and
concentration of Zn, Cu, and T'e are measured on the

AAS (Atomi.c Absorption Sepectrum).

Leaching of the soil with N ammonium acetate of

pll 7.0. Determination of Na, K and Ca by EEL flame-
photometer, with addition of Lanthanum chloride for
the last element. Colorimetric determination of Ilg
with Thiazol yellow reagent (ilehlich et al, 1962).
Saline soils are prevasbed with 70% ethanocl until

free of Cl and SO4.

Titrimetric determination of the acidity in a
leachate of 0.6N Barium chloride, not buffered at
any plI (Ilehlich et al, 1962).

Ixtraction of the soil by shaking for 1 hour at a
1:5 ratio with 0.1N 1iC1/0.025N 1,S0,. Determination
resgin treatment for Ca. For ilz the same procedure
as for exchangeable Iz, For P, the Vanadomolybtdo-
phosphoric yellow method is followed. IIn is
measured colorimeirically using phosphoric acide
potassiumn periodate for colour development

(lehlich et al, 1962).

Determination of Na, K, Ca, IlIg, CO3, HCO3, C1, SO4
by methods described in USDA landbook Ho. 60
(Richards, 1954).

4 base map at scale 1:5,000 surveyed and drawm by the So.l Conservaiion
section of the Land and Farm anagement Division of the linistry of Agriculture,
Na'ku-ml w78 reduced to 1:10.000 usinge an Antiral nantnrmanh
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The reduced version was subsequently scribed. The so:l boundaries were
scribed on a separate plete and additionsl information (symbols, legend,

marginal information) stuck on it.

The soil map was printed in steps using five printing plates. Hach plate
yias used to print in a different colour. The colours employed were black, grey,
yellow, cyan and magzenta, thus black for soil houndaries,; legend, soil symbols,
depth classes, slope classes and other marginal information. Grey for topo-
sraphy such as rivers, fences, terraces, pipelines, drainage lines, water holes,
mater tanks and dams,

The colours of different uniis are a combination of three basic colours,

nanely: yellow, cyan and magenta in different densities.

After preparation of all the plates, a proof was made on white astrafoil

using a mechanical process.

The map was finally printed by Ilessrs. Prudential Printers, Nairobif

on an offset printing press, using the plates mentioned above.

4. The Soils
4.1. The Lemend

The legend (see app. 1) describes the essentials of the various
mapping units delineated on the soil map. The differences beteen the soils
of the various mapping units can only be explained considering the geological
and geomorphological history of the area. 'lell knowm factors of soil formation
are for instance parent material and topography. Therefore the legend is built
up in such a way that the influence of landscape and geologzy is clearly showm.
Because Kelelwa IParm has only one geological formation, the geological entrance

is given at the end of the legend so as to avoid the repetition.

At the highest level the various landscapes have been separated.
This is followed by a description of the mapping units.

Tach mapping unit description describes the folloiing soil characte-

ristics (order as indicated)s

—~ drainage condition

- depth

— colour when moist

- consistence when moist

- calcareousness (if present)

~ texture, including stoniness and rockiness (if present)
~ 801l classification

# erroneously indicated in appendix 2 as having been printed by Survey of Kenya.
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The terminology of the legend -f “ko 1r ... follows closely definitions
as given by the Soil Survey Staff (1975) and in the "“Guidelines for Soil
Profile Description® (FA0, 1977). The.soils are classified according to the

TAO-Unesco legend for their "Soil !lap of the ilorld" (PAO-Unesco, 1974).

The following letter symbols were used to code the mapping units:

Y piedmont plains
P volganic plains
v minor valleys
B bottomlands

U badlands

T red

b bro:m

Pypyp depth classes (explained in key on soil map)
M 1 " " 2t ] ] 1] "

1,2 non specific differentiation

C complex of several mepping units

For each mapping unit also the slope class is indicated on the soil map.
There an area belonging to one mapping unit consists of two parts with different
slope classes, these two parts are separated. The indications for the slope

classes are given underneath the mapping unit symbols.
The following symbols are used:

A 0-2% slope, flat to very gently undulating
B 2-5% slope, gently undulating
C 5-8% slope, undulating

A.2, General properties of the soils

The soils of Helelwa farm show a strong variation in most of their

properties. The following soil regions can be distinguished:

I suils of the piedmont plain
1T 8>ils of the volcanic plain
IIT soils of the minor valleys
Iv soils of the bottomlands

v soils of the badlands

.. /15
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The soils of the piedmont plain are normally moderately deep-to very
deep. They are well drained to moderately well drained and have clay loam
to clay texture. The majority of the soils are compact during the dry
periods. In places they are shallow and are overlying pyroclastic gravel
cemented by calcium carbonate or piso-and petroplinthite. Their colour varies
from dark reddish brown to dark brown or yellowish red, The soil sztructure
is weak to moderate angular blocky or weak subangular blocky. The transition
from A to B~horizon is clear and.smooth. The cation exchange capacity of the
soil in the B horizon varies from 18 to 24 me/100g. The organic carbon
decreases from 1.5 percent in the A horizon to 0.27 percent in the B horizon.
The soils with less than 50 percent base saturation are classified as c:hromic;E
forisols and those with more than 50;> base saturation as orthic and vertic

Luvisols. Other soils are classified as eutric Cambisols (see app. 2).

The soils of the volcanic plain are wrell drained to moderately well
drained, very shallowr to deep, friable or firm and of sandy clay loam to clay
texture. The colour of the so.l varies from dark reddish brown to strong
bro:m or yellowish browvm. The majority of the soils have weak to moderate, fine
to medium subangular or angular structure and have weak to moderate clay skins.
The transition from A to B horizon is normally clear and smooth. The soils show
a wide range in chemical properties. The pll water ranges from 4.2 to 7.5 and
organic carbon in the A horizon from O 55 to 2.95, decreasing to the range of
0.2% to 0.3% in the B horizon. The cation exchange capacity of the soil is in
the order of 10 to 23 me/100g. The base saturation is usually high., The soils
which show some sigms of clay illuviation have been classified as vertic, orthic
and chromic Luvisols. Those with low CEC and less than 50/ base saturation have
been clagsified as dystric Cambisols. The remainder has been.classified as
eutric Cambisols and mollic Andosols. The. very shallow ones have been classified

as Lithosols (see app 2).

The soils of the minor valleys and bottomlands vary widely in their
characteristics., They range from well drained to poorly drained, shallow to
deep, dark yellowish red to very dark greyish brown, friable or firm, clay
loam to clay. :Ilottles and soft plinthite start from 25-50cm. The soils have
weak to moderate, medium, angular and subangular blocky structure. Common, weak

to moderate, slickensides and clay skins are present. The transition from A to

B-horizon is clear and smooth. The soil pll is 5.9. The organic carbon ranges
from 0.7 to 2.2 in the A horizon and 0.6 to 0.9 in the B horizon.

prefixes marked with % are tentative terms, “#high heve boen introduced by XKanya
Sk Survay (seq misc. Paper No.15).
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The CEC soil is about 24 me/100g and the base saturation varies from 56 to 70/,

The soils have been classifieC as plinthic Gleysols and eutric Cambisols.

The soils of the badlands are well drained to moderately well drained,
shallow to deep. The colour is yellowish browm or dark yellowish brom. They
are compact during the dry season. They have a clay loam to sandy clay texture.
The soils have a weak, fine and medium, angular blocky structure. The transi-.
tion from A to B-~horizon is clear and smooth. Signs of stratification are
present in most profiles. Some calcium carbonate concretions are commonly found
on the surface. Severe gully and sheet erosion is the mgjor feature of these

soils.

Chemically the soils are medium acid, pll ranging from 6.0 to 6.3. The
organic carbon is low in the topsoil due to soil truncation. It is about 0.4%
in the topsoil and 0.3% in the subsoil. The exshange capacity of the soils is
about 22 me/100g, while the base saturation ranges from 73 to 88%. Due to
fine stratifications and a base saturation of more than 50/, the soils were
classified as eutric Fluvisols. Erroneously this classification is not shown

in the legend of appendix 2.

4.3, Description of soil mepping units

For each mapping unit the total area is given, followed by brief descri-
ptions of the parent material, relief, land use and erosion. Surface stoniness,
flooding, groundwater level, salinity and alkalinity are only described if
present. The soils are described in more detail, with the soil classification

at the end of each description.

The terminology follows closely the "Guidelines for Soil Profile
Description" (F40, 1977). Colour notation is based on the Ihunsell Colour Charts
and refers to moist conditions, unless stated otherwise. Descriptions of
structure and consistence usually refer to the B horizon. Soil classification

is according to FAO-Unesco (1974).

4.3 .1 Soils of the piedmont plains

Happing unit ¥Yr

Total area Sha.

pyroclastic material.

Parent material

oo

!

Relief, macro gently undulating to undulating (slopes 3-65%).

oo

Relief, meso/micro ¢ common active termite mounds 50m apart.

Brosion

. oe

nil.

A




Vegetation/Land use
Soils, general

colour

texture

structure

consistence

Chemical properties

A-horizon

B-horizon

Soil classification

- 17 -

ue

malze.

e

very deep, porous, medium acid soils “rith an
A-Bt-C sequence of horigzons. Ilorizon transi-
tions are clear to diffuse and smooth.
A-horizon: dark reddish brown to Cark yelloiish
bro:m (5YR 3/3 to 10YR 3/4)

o0

sanly clay in the A-horizon, clay in the
B-horizon. Clay % in the A horigon is 40 and
60 in the B~horizon, giving a clay ratio of
1.5 for B/4 horizon. Silt/clay ratio in the

B--horizon is 0.23.

moderate, very fine to mediumn, angular blocky.

ao

slightly hard when dry, frisble when moist,

sticky and plastic "then wet.

organic G about 1.5: PIMILO is 5.4 and pl-KC1
is 4.3. CEC of the soil is 21 me/1007 The

base saturation is #437.

CEC of %the soil is 18.6 me/100z. Base satura-

tion is 28.5%

¢ chromic™ Acrisols.

For the description of a representative profile with analytical data see

appendix 1 profile description no.1.

lapping unit Ybp

Total area

Parent material
Relief, macro
Rel.ef, meso/micro
Erosion
Vegetation/Land use

Soils, general

colour

vo

co

0

125 ha

pyroclastic material.

gently undulating to undulating (slopes 3~6%).
levelled termite mounds and eroded sulleys.

strong gully erosion towards the badlands.

Rhodes grass (Pokot grass) (graszing area).

deep, porous, medium acid soils with an ABC sequence

of horizons, Ilorizon transitions are clear and

smooth.

A~horizon: dark yellowish browm to very dark

greyieh broum (10YR 4/ to 10YR 3/2):

B-horizon: Jark yellowish browm (10YR 3/4 to

10YR 3/6). ‘
.. [13




structure

consistence

Chemical properties

A-horizon

B-horizon

Soil classification

For the description of a representative profile with analytical data see

appendix 1 profile description no.2

Happing unit YQR

Total area

Parent material
Relief, macro
Relief, meso/micro
Erosion
Vegetation/Land use

Soils, general

colour

Texture

©o

©0

.

ae

LYY

(13
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cley in the A-horizon, clay to clay loam in the
B-horizon. Average clay ;o in the A-horizon is
43 and in the B~horizon 40 giving a clay :atio
of approx. 0.9 for B/A horizon. Silt/clay ratio

in B-horizon is 0.8,

weakly coherent, porous massive to weak, fine
and medium, subangular blocky structure or weak,

medium and coarse subangular blocky structure.

slightly hard when dry, firm :then moist, sticky

and plastic when wet.

organic C% 1.1 to 1.5: pH-11,0 5.8 to 6.1 and
pll-XCl 4.3 to 5.1. CEC of the soil is 22 to0 25
me/100z. Base saturation ranges from 58 to 63%.

CEC of the soil ranges from 19 to 25 me/100g and

base saturation 52 to 5:5.

eutric Cambisols and orthic Luvisols.

50ha,.

pyroclastic material.

gently undulating (slope 2-3%).

levelled ‘land.

strong gully eros.ion towards the badlands,
finger millet (Eleusine corocana).
moderately deep to deep, non-calcareous to
strongly calcareous with an ABC sequence of

horizons. Ilorizon transitions are clear and

smooth,

A-horizon: very dark greyish browm to dark
yellowish browm (10YR 3/2 to 10YR 3/6);
B~-horizon: dark brown to dark yellowish brown
(10YR 3/3 to 10YR 4/4).

sandy clay loam to clay loam in the A~horizon and

clay loam to clay in the B~horizon.

..o /19



structure

consistence

Chemical properties

A-horizon

B-horizon

Soil classification

oe

20

-~ 19 -

Average clay % in the A~horizon is 28 and in
B-horizon is 33 giving & clay ratio of 1.35 for
B/A korizon. Silt/clay ratio in the B-horizon
is 0.7

strong to moderate, fine and medium, angular
blocky.
hord wwhen dry, firm (compact) when moist, sticky

and plostic when wet.

orgenic Cj is 0.6 to 0.8, pl-IL,0 is 5.4 to 5.8
and pll-XKCl is 4.3 to 4.4. CEC of the soil varies
from 15 to 21 me/100z. The base saturation is
about 605,

CEC soil ranges from 24 to 29 me/?OOg. ahd :bhase
saturation from 83 to 100%.

vertic Iluvisols and eutric Cambisols.

For the description of a representative profile with analytical data see

appendix 1, profile description no.3

4.3.2; Soils of the volcanic plains

ilopping unit Pbp

Total area

Parent moterial

Relief, macro
Relief, meso/micro
Erosion
Vegetation/Land use

Soils, general

colour

o

o0

o

222 he

slope class AB: 33 ha
slope class B: 134 ha
slope class BC: 5 ha

pyroclastics and sedinents derived from pyro-—

clastics of the Rongei plain

gently undulating (slopes 2%).

flattened termite mounds.

nil.

predominantly under rhodes grass (grazing area)
.. deep to deep, mediwn to slightly acid

soils with an ABC sequence of horizons. Horizon

transitions are clear or gradual and smooth,

i~horizon: dark reddish brown to dark bro:m 5YR
3/2 to 10YR 3/3; .../20




texture

structure

consistence

Chemical properiies

L. horizon

B horizon

Soil classification

20 -~

sandy loam to clay loam in the A-horizon and
sandy clay loam to clay in the B-horizon.
Average clay s in the f-horizon is 30 and in
the B-horizon 36, giving a clay ratio of 1.2
for B/A horizon.  Silt/clay ratio in the D

horizon is 0.9.

weak to moderate, fine to medium angular tlocky

structure.

slightly hard wvhen dry, firm when moist,
slightly sticky and slightly plastic -then wet.

organic €5 is about 1.1%, pU-II,0 varies from
5.9 to 6.5 and pII-KCl from .4.7 to 5.1. The CEC
of the soil ranges from 11 to 15 me/100g. The

base saturation ranges from 63 %o 84%.

The CEC soil ranges from 10 to 20 me/100g and

base saturation from 53 to 78%.

orthic Luvisols.

For the description of a representative profile with analytical data see

appendix 1, profile description no.4

ilapping unit Prp

Total area

Parent material

Relief, macro
Relief, meso/micro
Erosion
Vegetation/Land use

Soils, general

colour

<o

oo

L]

59 ha .
pyroclastics and sediments derived from pyro-
clastics of the Rongai plains.

gently undulating (slopes 2--5%).

active termite mounds, approx. 100m apart.

nil

under rhodes grass (grazing)

well drained, moderately deep to deep, slightly
acid soils with an ABC sequence of horizons.
They have gradual and smooth transitions between

the horizons,

A-horizon: yellowish red to dark brom (5YR 5/3
to 7.5YR 3/2).




texture

structure

consistence

Chemical properties

li-horizon

B-horizon

Soil classification

co

e

B-horizon: dark reddish brosm to yellowish
red (2 SYR 3/1 to 5YR 4/6).

clay to clay loam in the i-horizon, clay in
the B-horizon. Average clay content is A0j in
the A-horizon and 52% in the B-horizon. Clay
ratio of B/A horizon is 1.3  Silt/clay ratio

in the B~horizon is about 0.6.

veak, very fine to medium angular blooky
gtructure.

slightly hard vhen dry, friable when moist,
slightly sticky and slightly plastic :then wet.

organic Cj ranges from 0.5 to 2.2: pl ranges
from 5.6 to 5.8 and plI-XCl from 3.8 to %£.5.
The CEC soil is about 18 me/100 with a dbase

saturation of 43-70..

CEC of the soil varies from 16 to 23 me/100g

and the base saturation from 36 to 54%.

chromic Luvisols and eutric Cambisols, piso-

ferric phase.

For the description of a representative profile with analytical data see

aprendix 1 profile description no.5.

lapping unit 411

—g——

Toital area

Parent material

Relief, macro
Relief, meso/micro

Trosion

Vegetation/Land use
Soils, general

°o

(1] o0

(T3

co

53 ha
slope class 2B: 13 ha
slope class B: 30 ha

pyroclastics and sediments derived from pyro-
clastics of the Rongai plains.

gently undulating to undulating (slopes 2-6%).
flattened termite mounds.

strong sheet and gully erosion along (dry)
streams.

£razing area.

7ell drained, very shallow to moderately deep,
slightly acid soils with an ABC sequence of
horizons. Iorizon transitions are gradual and

smooth. . /22




colour

texzture

structure

consistence

Chemical properties

A~horizon

B-horizon

Soil classification

oe

*9

oe

22 -

L-horizon: dark yellowish brown to dark
yellowish brown (5YR 3/2 to 10YR 3/4);

B-horizon: dark yellowish brown to yellowish
brovm (10YR 3/4 to 10YR 5/8).

sandy clay loam to sandy clay in the A and
BD-horizon. Clay percentage in the ./~horizon
is 24 and in the B-horizon 30, giving a clay
retio of 1.25 for B/A horizon. Silt/clay

ratio in the B-horizon is about 0.7.

weak, very fine and fine subangular blocky

atructure.

slightly hard when dry, friable iwhen moist,
slightly sticky and slightly plastic when wet.

organic G is 1.7; pl-IL,0 is 5.9 and pi-KCl
5.0; The CEC soil is in the order of 16 me/

nr1

1007 and the base saturation is 53

The CEC soil is 12 me/100g and base satura-
tlon 1s 3%,

dystric(cambisols, petroferric phase and
thhosols) o

For a description of a representwtlve profile Jlth analytlcal aata see

appendiz 1, profile description no. 6.

Jlapping unit ?aﬁ,

~
T ———

Total area

Parent material
Relief, macro
Reli.ef, meso/micro
Erosion
Rockiness/stoniness
Vegetation/Land use

Soil, pgeneral

4 ha.

pyroclastic materials.

gently undulating to undulating (slope 3-6%7).
feir inactive termite mounds.

slight.  gully and sheet erosion.

rocky and houldery.

grazing area.

7ell drained, very shallow to moderately deep,
8lightly acid soils with an ABC sequence of
horizons. The horizon transitions are gradual
and smooth.,
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colour

texture

structure

consistence

Chemical properties

fi=horizon

D-horizon

Soil classification

For a decription of a representative profile with analytical data see

appendix 1, profile description no.7.

Happing unit p}g

Total area

Parent material
Relief, macro
Relief, meso/micro
Erosion
Vegetation/Land use

Soils, general

o

s

23 -

A-horizon: dark reddish browm to strong

brexn (5YR 3/3 to 7.5YR 5/6)3
B-horizon: dark reddish browmn to dark browm
(5YR 3/3 to 7.5YR 3/3).

sandy clay loam in the A and D-horizons.

Clay percentage in the 4 and B horigon is 28
and 34 respectively, which gives a clay ratio
of 1.2 for B/A horizons. Silt/clay ratio of
the B-horizon is 0.7.

weak, fine to coarse, subangular bLlocky

structure.
slightly hard when dry, firm when moist,
slipghtly sticky and slightly plastic sthen

wet,

organic C% is about 1.5 pU-1I,0 is 6.5 and
pI-KC1l 4.7: CEC of the soil ig 16 me/100g,
the base saturation is 56%

CEC of the soil is 13 me/100g and base

saturation is about 53%

eutric Cambisols, partly lithic phase and
Lithosols

20 ha.
pyroclastic material.
gently undulating to undulating (slopes 3-6%)

levelled area

slight gully and sheet erosion.

finger millet (Eleusine corocana).

well drained to moderately well drained, deep
mildly to moderately alkaline soils with an
ABC sequence of horizons. The horizon tran-~

sitions are clear and smooth.

ceof24



colour

texture

structure

consistence

Chemical properties

l=horizon

B~horizon

Soil classification

Remark: There are many calcium

o8

o

3
>

21."11. —

L-horizon: very dark greyish brown to dark
yellowish brown (10YR 3/2 to 10YR 4/6)

B-horizons dark yellowish brown to greyish
browm (10YR 4/4 to 10YR 5/2).

clay loam to clay throughout. Clay percen-
tage in the A horigzon is 46 and in the B
horizon 44, The clay ratio of the B/A .
horizon is about 1.0. Silt/clay ratio .of the
B-horiszon is about 0.7.

moderate, very fine to medium, subangular to
angular blocky structure.

slightly hard then dry, friable when moist,
sticky and plastic when wet

organic (5% is 0.8; pl-I,0 is 7.1 and pil-KCl

6.3; CEC of the soils is 34 me/100g and the

base saturation is about 90;.

CEC of the soil is 28 me/100g and the base

saturation is 100%

mollic Andosols.

carbonate concretions on the surface.

Por a description of a representative profile with analytical data see

appendix 1, profile description no.d

llapping unit Pip

Total area

Parent material

Relief, macro

Relief, meso/micro
Erosion

Flooding

)

151 ha
slope class AB: 63 ha
slope class B: 88 ha

pyroclastic rocks and sediments derived from

pyroclastic rocks of the Rongai plains,

very gently undulating to gently undulating
(slopes 1-3%)-
fewr active termite mounds.
nil |
seasonally flooded.
.../25
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Vegetation/Land use

Rhodes grass (Pokot grass)/grazing area

‘Soils, general ¢ moderately well drained, deep, neutral soils
with an ABC sequence of horizons. Ilorizon
transitions are either clear and smooth or

gradual and smooth.

colour

A-horizons very dark greyish brown to dark
brovm (10YR 3/2 to 10YR 3/3):

B~horizon: dark yellowish brown to greyish
browm (10YR 3/4 to 10YR 5/4).

texture

clay loam to clay throughout. Clay percen—
tage in the 4 horizon varies from 36 to 46
and in the B horizon from 40 to 56 giving
an average clay ratio of 1.25 for B/A = -
horizon. Silt/clay ratio in the B-horizon

is 0.5.
structure moderate, fine and medium subangular and

angular blocky structure.

.o

consistence

hard when dry, firm when moist, sticky and

plastic when wet.
Chemical properties

L=horizon

©o

organic Cj5 ranges from 1.3 to 2.9: pI-11,0
varies from 5.9 to 6.4 and pl-KCl from 4.9
to 5.3. The CEC soil is about 23 me/100g,
while the base saturation ranges from 63 to
1005

B-horizon

The CEC soil ranges from 20 to 30 me/100g

and the base saturation from 70 to 1007,

Soil classification

vertic Luvisols, orthic Luvisols and eutric

Cambisols

For a description of a representetive profile with analytical data see
appendix 1, profile description no.9
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4.3.3. Soils of the ninor valleys

lapping unit VO

Total area

Parent material

.0

Relief, macro

Relief, meso/micro s

Frosion

Rock outcrops

Vegetation/Land use

Soils, general:

colour

texture:

structure:

consistences

Chemical properties

A-~horizon

B-horizon

o8

50 ha
slope class AB: 11 ha
slope class BC: 39 ha

alluvial from pyroclastic rocks and sediments

derived from pyroclastic rocks.

very pently undulating to undulating (slope 1-5%).
flaténmned and levelled termite mounds and gullies.
remnants of old erosion gullies aré common.

fairly rocky

grazing area.

well drained to moderately well drained, shallow to
deep, slightly acid to neutral soils with an ABC
sequence of horizon development. The horigon tran~

sitions are clear and smooth,

A~horizons very dark greyish browm to dark
yellowish brown (10YR 3/2 to 10YR 3/3);

B-horizon: dark yellowish brown to greyish browm
(10YR 3/6 to 10YR 5/2).

clay loam in 4 and B-horizons. Clay percentage in
the A-horizon is “about 30 and in the D-horizon
about 36/, which gives a clay ratio of 1.2 for the
B/l horizons. Silt/olay ratio of the B-horizon is
1.1.

weak to moderate, very fine to medium, swudangular
blocky structure,

slightly hard when dry, friable when moist, slightly

sticky and plastic when wet.

organic C is 2.2; PI-H,0 is 6.3 and p-KCl 5.3;
CEC soil is 16 me/100g and the base saturation is
975%- |

the CEC soil is 24 me/100g and the base saturation
is 70%.
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Soil classification s eutric Cambisols.

FPor description of a representative profile with analytical date see

appendix 1, profile description no. 10.

4 3.4. Soils of the thtomlands

‘lapping unit Dp

1 ha

alluvium derived from pyroclastic rocks

Total area

o

Parent material

Relief, macro very gently undulating (slope 1-2%)

fer active termite mounds

o

Relief, meso/micro

Frosion nil

o

Flooding seasonally flooded

Vegetation/Land use

00

partly a grazing area and partly experimental
area |

Soils, general

imperfectly drained to poorly drained, deep,
slightly acid soils with an /BC soil profile
development. The horizon transitions are
gradual and smooth

colour

Li~horizon: very dark greyish broom to dark
browm (10YR 3/2 to 10YR 3/3)

B-horizon: very dark greyish brovm to brom
(10YR 3/2 to 10YR 5/3)

texture clay in the f-horizon and clay loam to clay

in the B-horizon. Clay percentage in the A
and B horizons are 54 and 40 respectively,
which gives a clay ratio of 0.3 for B/A
horizons. Silt/clay ratio of the B-horizon
is 0.5.

structure

..

moderate, medium and coarse, angular “locky
structure

consistence

hard when dry, firm to very firm then moist,
sticky and plastic when wet

Chemical properties
/~horizon 1 organic C% is 0.7: PH-IL0 is 5.8 and pll-XCl
is 4.8; CEC of the soil is 27 me/100g with a

base saturation of 663

B-horizon CEC of the soil is 24 me/100g with a base

saturation of 56% /28

ao
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Soil classification ¢ plinthic Gleysols

For description of a representative profile with analytiocal data_see

appendix 1, profile description ro.11%.

2.3.5. Soils of the badlands

Mapping unit VCE

204 ha
slope class B: 66 ha
slope class BC: 138 ha

pyroclastic rocks and sediments derived from

oo

Parent material
pyroclastic rocks

Relief, macro gently undulating to undulating (slopes 2-67%5)

0o

Relief, meso/micro dome-shaped hillocks caused by mater erosion

end deeply incised gullies

Erosion severe sheet and gully erosion

Rock outcrops

fairly rocky and fairly stony

Végetation/Land use forest area

Soils, general

well drained +to moderately well drained, very
shallow to deep, slightly acid soils with C1,
€2, C3 sequence of soil development. The

"horizon transitions are clear and smooth

colour t Cil-horizon: dark browm to dark yellowish brovm
(5YR 3/4 to 10YR 4/4)
C2-horizon: yellowish brown to dark yellowish
browm (10YR 5/4 to 10YR 4/4)

texture ¢ clay loam throughout, with a clay {5 of about

3%"

structure : weak,.fine to coarse, subangular blocky

structure

consistence : hard when dry, firm when moist, slightly ticky
and slightly plastic when wet.
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Chemical properties

A-horizon ¢ organic C% is 0.4, pU-11,0 is 6.3 and plI-KCl
5.3. The CEC of the soil is 21 me/100g and
the base saturation is about 30/%.

B-horizon : CEC of the soil is 21 me/100g and th= dase

saturation is about 90%.

Soil classification eutric Fluvisols1.

For a description of a representative profile with analytical data see

appendix 1, profile description no.12.

4.4, Soil classification and correlation

4.4.1. Introduction

For the accommodation of the soils encountered in the survey area into.an
internationally recognized framework of classification, the FAO-Unesco legend
(1974) f£o6r their 80il ilap of the "Jorld was applied. Considerations on the
choice of this system of reference are given in the Kindaruma report (van de
Yeg and Ibuvi, (eds.), 1975).

The place of the soils in the system reflects major differences in chemical
and physical so0:.:l characteristics and can be used for both national and inter-
national correlation purposes. In the Kelelwa farm the following major classi-
fication units are recognized: Luvisols, Acrisols, Andosols, Gleysols,
Cambisols and Lithosols. This sequence reflects partly a trend in profile deve-
lopment, i.e. old to youmg or chemically poor to rich. For a comprehensive
description of all soils in the FAO-Unesco legend, apd the definition of the
diagnostic horizons involved reference is made to Volume I of the "Soil Map of
the Horld" (FAO-Unesco, 1974).

4.4.2, The major classification unitis

(a) Acrisols

These are stirongly weathered and strongly leached soils with an ABC sequence
of horizons. An ochric or umbric A-horizon overlies an argillic B-horizon of

which at least a part has a base saturation below

1 not indicated in appendix 2 beeause of many variations within the complex and
laboratory data for the profile pit was available after the map had been
printed.
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50%. The argillic B-horizon is characterized by clear sigms of clay illuviation.
The characteristics of the argillic B-horizon, and the limited merit of the base

saturation criterion are discussed in the Kindaruma report (op cit.).

In the survey area only the soils of mapping unit ¥r are "regular" Acrisols,
in this case chromic® (i.e. "red") Acrisols1),

(b) Andosols

These are soils which have a mollic or an umbric A~horizon possibly over-
lying a cambic B-horizon or an ochric A-horizon and a cambic B-horizon. To a
depth of 35cm or more they either have a bulk demsity (at 1/3 bar water reten-
tion) of the fine earth (less than 2mm) fraction of the soil of less than 0.35g/
om3 and an exchange complex dominated by amorphous material, or they have 60 per-
oent or more vitric volcanic ash, cinders or other vitric pyroclastic material

in the silt, sand and gravel fraction.

In the survey area Andosols occur in mapping unit P3p. They have a mollic
A-horizon and have a smeary consistence with clay loam to clay texture within
100cm of the surface., They are classified as mollic Andosols.

(¢) Luvisols

These are moderately weathered mineral soils with an ABC sequence of hori-
zons., An ochric or umbric A-horizon overlies an argillic B-~horizon with a base

saturation of more than 50% throughout. Three subunits are found in the survey

area, orthic, chromic and vertic Luvisols. The orthic (brown) ones, mapping
unit Pbp and parts of Ybp and P4p are normal Luvisols, i.e. without any of the
specific features characteristic for other subunits. The chromic (red) Luvisols,

occupy parts of unit Prp. The vertic Luvisols of parts of mapping unit Ybp and
Pip have vertic properties.

(d) Cambisols

These are "young® and little weathered soils. They have an ABC sequence of
horizons, but the B-horizon has not developed into a recognizable argillic or
oxic one. This cambic B-horizon contains many weatherable primary minerals. Its

structure is subangular blocky or weakly coherent porous massive.

1) YWhere tentative new names are introduced or the officially described
concepts have been modified to suit Kenyan conditions ("Kenya concept"),
they are indicated by (see also Siderius and van der Pouw, 1980).
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The consistance-is often friable and the horizon.iransition are gradual.

Camtisols- are frequent in the area., The following sub units were-encountered:
eutric and dystric.

The eutric CambisolsA(unit VC and parts of units Ybp, Ybp, P2p, Prp and
PQB) have an orchric A-horizon and a regular cambic B-horizon. The base satura-
tion is more than 50%. The dystric Cambisols which occupy part of unit P11 have

an ochric A-horizon and a base saturation of less than 50%.

(e) Gleysols

These are poorly drained mineral soils without clear textural diffentia-
tion. Iydromorphic properties occur within 50cm of the surface. They are
caused by periodic or permanent saturation by ground water, which is reflected
in dominant greyish hues or prominent mottling. In the survey area Gleysols
occur in mapping unit Bp. They have plinthite within 125c¢m of the surface and

therefore are classified as plinthic Gleysols.

(f) Lithosols

These are shallow soils with an ACR or AR sequence of horizons. The top-—
soil is low in organic matter (ochric A) and there is no B-horizon of any kind.
They should have continuous coherent and hard rock within 10cm of the surface
(FAO-Unesco, 1974), but in-the-survey area this limit was put at 25cm which is
considered more suitable for Xenya conditions. These soils occupy parts of
units P2P and P1IL,

a4.5, Soil fertility aspects

For the soil fertility appraisal of the survey area composite topsoil
samples were taken at the sites of representative profile pits and analysed
according to a mass analysis method for soil fertility evaluation (see chapter

3.2),

The relevant data are given on the laboratory data sheet of appendix 1.
Due to the limited number of composite topsoil samples analysed, this appraisal

‘should be regarded as indicating general tendencies only.

(2) Hacronutrients

According to the analytical data (see appendix 1) all the soils in the farm
have low organic matter content. For all the units the organic C% varies frou
0.6 to 1.8. Nitrogen deficiency is also reflected .in .all the mapping units, the
lowest is 0.03% and the highest is 0.16.

v.:a/32



- 32 -

Phosphorous is also remarkably deficient in almost all the units apart from
unit P3p and VC where it ranges from 27ppm to 46ppm. In uhit ¥Ybp the
phosphorous content varies from 1jppm to 25ppm. The availability of bases such

as potassium, calcium, magnesium and manganese are adequate in all the units.,

(v) Hicronutrients

Samples mnalysed for the trace elements (Cu, Zn and Fe) show that all the
soils are deficient in Cu. The bulk of the soils also reflect marked Zn defi-

ciency. The availability of Fe is adequate in all the units.

Following the analytical data one may arrive at the following conclusions:

- frequent use of phosphate and nitrogenous fertilizers is necessary in order

to replenish soils with the deficient elements

~ application of single super-phosphate will take care of calcium and sulphates

into the soil

- for nitrogen, the application of calcium ammonium nitrate (cAN) will supply
calcium in addition to nitrogen

.. for the trace elements, CuSO¢ of Cuocl (copper oxychloride) can-be applied by
dressing the seeds and later on ZnSO, and CuSO4 can be applied as foliar
spray.

1.6, Surface sealing, runoff and erosion

Surface sealing is a common phenomenon in the &rier areas of Xenya which
have no complete vegetation cover. It is mainly caused by the direct impact of
raindrops on the soil. The sealing reduces the infiltration rate and consequen-
tly increases the runoff anld erosion. Surface sealing cannot be detected by use
of aerial photographs but can be observed in the field where it is described by
its grade (weak, moderate or strong) and thickness (in cm).

Runoff cen simply be defined as the flow of rainwater or irrigation
water over the soil surface. The effect of the runoff on the soil is erosion,
During the fieldwork erosion is described by its features (type) and the Jegree.
Some of the identifiable erosion features on the aerial photographs include
rills, gullies and badlanlds. Sand overwash and deposits can also indicate the
presence of sheet erosion. The degree of erosion is described as slight,
moderate or severe.
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The factors affecting runoff and erosion are similar, i.e.:
— climatic factors (rainfall intensity, distribution, etc.)

~ parent material: some rocks e.g. quartziie are more resistant to weathering

than volcanic rocks

-~ relief; little erosion is to be expected on flat areas e.g. plateaus and

velley bottoms

- vepetation (soil cover), which intercepis and reduces the impact of the

raindrops on the soil
-~ ©0il properties: organic matter content, structure stability and texture

— man; poor soil management practices, e.g. overgrazing.

o

Coarse fragments (gravel etc ) on the soil surface in a way tend to have

the same effect as vegetation for they can also serve the following purposess:-
- intercept the raindrops and thereby reduce the effect of splash erosion
(raindrop erosion)

- reduce both the speed with which the micro-rills are formed and subsequntly

the pirating of those rills which may otherwise lead to the formation ¢f

gullies

In evaluating the resistance of soils to erosion the following aspects were

considered:

- climatic factors

- 8lope class

-~ 8lope length

— erodability, taking into consideration the organic matter content (7%C)anc the
silt/clay ratio of the topsoil

These aspects were evaluated for each mapping unit of the survey area,
eventually resulting in a rating for the resistance to erosion of each mapping
unit (see appendix 3). These final ratings were transmitted in to erosion

hazards, which are presented in fig. 3.

Tig. 3 shows that about one quarter of the survey area has none to slight
erosion hazard, one quarter a slight erosion hazarld, one fourth a moderate

erosion hazard and one quarter a moderate to severe, or severe erosion hazard.
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4.7. lleasures of eros.on control

Gully erosion takes place where the concentrated runoff from a slope
is sufficient in volume and velocity to move heavy cquantities of soil and curve
deep ¢ullies. Gullies often have their runoff water concentrates. They also
develop in the trails of livestock, in ruts left by the wheels of farm machinery
and in furrows between crop rows which run up and down the slope. Thus, culti--
vating up and dovm slopes and poor lecation of roads and cow paths can be
causes of gully formation. Usually their appesiance in a field or pasture
means that the land has been overstocked. When land begins to gully at frequent
intervals it has reached the condition of old age, if not the begimming of the
death stage, from the point of view of agriocultural use ( Agricultural Extension

Manual; laina and Voelkel, eds., 1958.)

Although sitrict measures have been taken to control the soil erosion in
the farm, these measures camnot completely work out because the runoff is conce-
ntrated towards the footslopes of Kilombe hills wheme there are rather steep
slopes and the practice of over-grazing and cutting of wood for charcoal burni-

ng are common yractices.

4 stress on this subject shoull bhe emphasised due to deteriorating
conditions on the surrounding areas vhere large quantities of soil have been
carried away and deep gullies of more than 10 metres deep and several metres
wide have been formed.

Practices best suited to prevention of these gullies are a combination
of contour farming, terracing, crop rotation and strip cropping. If cultivated
land cannot be protected by these metkods, it should not be cultivated; such
land should be put to its most profitable use e.g. properly managed permanent
pasture or woodland.

Once appropriate soil conservation practices are put into use, many
gullies may be eliminated by filling or grading, controlling the runoff w.th
diversion ditches or terrace systems. ‘Then runoff entering the gully is held
to a minimum by diversion ditches or terraces, other conservation measures

should be carried out, such as planting soil Linding vegetation.

It should be stated bere that many of these measures have been carried
out in the survey area. Ilowever, little of this information has been transmit-
ted to the local famers in the surrounding areas here the condition are get-
ting worse and worse in every rainy season. It is anticipated that these prac-
tices of erosion control in the survey area will reach the surrounding farmers
through the knowlcédge of agricultural extension staff anl the soil conservation
section of the Farm and Land Ianagement Division of the Ilinistry of Agriculture.
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‘5. Land management

Thile carrying out the field work it.has been noticed that some soils
are very hard in the dry season. In such a condition these soils are very
difficult to be ploughed by tractor or oxen while it is almost impossible to
work them manually. Thus it is not surprising that land preparation is done
after rains have started and as a result there is late planting which affects
the yields of most crops in the farm and the surrounding areas. It seems there-
fore advisable to carry out land preparation during the dry season whenever the

soils are moist enough for successful ploughing or hoeing.

It was also noticed that some soils have a compact layer at a very
shallow depth (10-15cm). Such soils affect the rooting system of most of the
plants, This might probably have lheen one of the causes of the finger millet
failure in the farm. Deep ploughing should he practiced to improve aeration
and free water movement into the soils, thereby increasing the soil moisture

storage capacity of the soil.

6. Land evaluation for maize, millet, sorghum, sunflower and livestock

farming: high level of technolozy

6.1. General

The land evaluation exercise is based on the present land use (see

chapter. 2.4) in the survey area and the information received from the local
farmers. It is felt that maize (Katumani variety), millet, sorghum and sun-
flower (the duvarf variety) if planted at the start of the rains and in a well
prepared land, will give favourable yields. Livestock farming for meat and

milk production is the common practice in the survey area and its surroundings.

6.2. Procedure

The approach to land evaluation, adopted by the Xenya Soil Survey,
closely follows the proposals of FAO (1975). In the "Soils of the Kindaruma
area" (van de Weg and Mbhuvi, 1975) an elaborate account of this approach to
land evaluation has been given., A short summary of the basic concepts is
given here:

- 1land evaluation is based on land qualities that can be quantified and rated

—~ these land quelities are used to establish specifications for each land
suitability class

~ land qualities usually are combinations of single land characteristics
(see bvelow)

- for each "tract" of land a rating of all land qualities is made
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Tor the land evaluation for maize, millet, sorghum, sunflewer and livestock

farming in the survey area the following land qualities were used:

a. climatic characteristics

t. soil moisture storage capacity

c. possibilities of mechanisation (use of agricultural implements)

d. resistance to erosion (sheet anl gully eros.on after clearing)

e presence/hazard of water-logeing (aveilability of oxygen for root srowth)
f. chemical soil fertility

e nutritional value of vegetation

h. presence of overgrazing

i treadibility

J. hindrance by vegetation

A short account of the single land chaxzcteristics used in the rating of the
land qualities is given below. F»or an account of the methods followed to arrive
at the final rating of each land quality, reference is made to KSS Ianternal
Communication No. 7 (Xenya Soil Survey, 1977). The final ratings of the land
qualities are given in app.3 followved by the final suitability class for the
various land utilization types.

(2) Climatic characteristics

Climatic characteristics are very importand in land evaluation. TFor insta-
nce the amount of rainfall and its distribution over an area has a strong influe-
nce on crop yields. The survey area falls in the agroclimatic zone III, which is

moderate for most of the crops considered and livestock farming. To assess the

climatic water availability,use is made of estimated r/Eo boundary velues (see
chap. 2.2.), which are presented in table 5 and 6.

(b) Soil moisture storare capacity

Among other things, plants require an ample moisture supply for their sus--
tained growth. Plants may wilt temporarily or even permanently with a strong
clecrease of moisture in the soil. The soil moisture availability depends on the

interplay of climatic and soil cheracteristics,

Tor the rating of the land quality "soil moisture stcrege capacity" the

following land characteristics irere considereds

- the total productive available moisture (TPAM), which is considered to be

a function of s0il depth and texture;

-~ the hindrance to root development.
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The easier the penetration of roots to deeper horizons the better
availarle the soil moisture is to plants. Ilindrance to root development is
considered slight in profiles ith oxic, argillic and cambic horizons, moderate
in profiles with a pronounced argillic horizon or pronounced sedimentary |
stratification and strong in case of a planic horizon (abrupt textural change)

natric horizon or impermeable layers.

(¢) Possibilities of mechanisation

The use of agriculitural implementis is important in order to speed up the
operation of the farm practices such as: seedbed preparation, harvesting and

transportation.

TFor the rating of the above land quality, the following land characte-

ristics were considered:

~ 8slope length

- steepness of slope

- width of the field

- stoniness/rockiness or shallowmess of the soil

- vorkability of the soil (ease of culiivation)

For practical purposes the subrating of "workability'" of the soil was

based on the dry and moist consistence of soil.

(¢) Resistance to_erosion

For the rating of this land quality the following land characteristics

vere considered:

- oclimatic factors
- topography, length and steepness of slope
- erodability (soil characteristics)

for the sub rating of "erodability" the following factors are normelly conside~
red:

-~ organic matter content (/i carbong)
-~ silt/clay ratio of the topsoil
- bulk density of the topsoil

No use was made of the flocculation index and the bulk density due to lack of
analytical data. Illowever, use was made of field observations on the occurrence

of erosion in all soil mapping units.
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(e) Presence/hazard of waterlogring

Plant roots need oxygen for their normal growth, Oxygen (air) present in
the soil macropores can be displaced by water upon water-logging and as a result
plant die for lack of it. In order to avoid this condition proper drainage
measures should be employed. Excessive ater supply in the soil can also affect
the quality and even the quantity of the yields. For the rating of the above
land quality, the soil drainage class as determined in the field was the main

criterion.

(f) Chemical soil fertility

Low levels of chemical soil fertility can be corrected by use of fertilizers,
timely weeding and use of soil conservation measures e.g. control of runoff.
Timely weeding reduces the competition between plants and weeds for the nutrients

available in the soil.

In the rating of the above land quality, the following characteristics were

considereds:

—~ CEC (cation exchange capacity) of the topsoil (0-30cm)
~ available nutrients of the topsoil

- total nutrient content of the topsoil (mineral reserve)

(g) Hutritional value of vegetation

For the rating of this land quality, the species composition of the grasses
were taken into consideration, In the survey area the dominant grass is Rhodes
grass (Chloris gayana). In general it is of better nutritional value than most
of the grass species like Sehima nervosum, Themeda triandra or Chloris roxburgh-
iana. However its nutritional value depends on variety, growth stage, climate,

soll type, fertility and grazing and!nouing_stages.

(h) Presence of overgrazins

The rating of this land quality was based on present status and percentage

of overgrazed land by visual observation of herbaceous cover and composition.

(i) [Treadibility

Although no suitable rating system has been developed‘for this land quality
nevertheless the following land characteristics used in-the Kiboko report ’
((lichieka and van der Pouw, 1977), were taken into consideration:

-~ soft ground, hardness of ground (or: consistence when dry)
-~ stickiness of the svil (or: consistence when wet)
~ extreme stoniness or rockiness (degree of surface stoniness and rockiness)

- steep slopes (degree of slope) /39
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(5) Hindrance by vegetation

For the rating of this land quality the denseness of shrub vegetation -as
taken into account. The dotted line in fig.5 for example is a vegetation

boundary affecting the land suitability of unit Pbf,

(%) Other land qualities

Other land qualities which might be important for land evaluation, but
-hich for various reasons -rere not taken into account, are:
- sodicitys high lavel of sodiun in the soil -1ill cause disners.on of struc-

tural agsregates shich may result in noor aeration in the soil

- salinity: high level of salts in the so.l may lead to dy ng of nlant roots
o-ing to the difficulty -"ith ~h-.ch slant roots i1l absordb ater from the

g0:1

High levels of galinity and sod.city do not occur in the farm.

- availability of drinking -ater (distances to permanent or tenporary/seasoa
nal ~ater supply). In Kelelwa fara ater points are available all over the
area

- tse-tse hazard: tse-tse flies do not occur in Kelelwa farm

- availability of shade: sufficiently ava.lable in Kelelwa farm

5.3 Results of the suitability classification

The ratings of the individual land qualities of all mapping units are
given in appendix 3. The suitability classification given is essential for
arable farning (maize, millet, sorghun and sunflower) and livestock faraing -

under nresent conditions or with wminor modifications.

The suitability of the individual soil mapping units (s expressed by the

following classes (see fig 4 and 5 and also appendix 3)s

1.1 highly suitable

1.2 moderately suitable
1.3 marginally suitable
2. unsuitable

The criteria for these classes, n terns of specifications for the final
rat ngs of the land qualities, are g:ven ‘n table 5 and 5. The results of the
su:tability classification as outlined ‘n anpend’x 3, are given 'n fig.4 and 5
and are summarized in table 7 and 3 The results sho+ that out of a total of
anprox. 950ha of land, for a grable faraing roughly 238ha are considered highly
suitable, 343ha highly--moderately suitable, 43ha noderately suitable, 53ha
marginally suitable to unsuitable and 203ha unsuitable.
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For livestock farming, roughly 385ha are highly suitable, 185ha

high to moderately suitable, 9Tha moderately suitable, 5Tha marginally

suitable and 204ha unsuitable,

Table 5¢ Land quality criteria for the suitability classification of soils
for maize, millet, sorghum, and sunflower "advance tachnology"
("conversion table")
S
Land Quality :
r/Eo }Soil Khemical § Resistance { Pocaibiliilty Hazard '
(%) Jmois’cure Soil to of or
Suitability storage Jfertility | erosion mechanisation ] presence
class capacity of
water~
| + i logging
1.1, Highly
suitable r54 i 1 i 2-3 L 1=2 b 1=2 T2
1.2, Moderately
suitable 54 2=-3 4 3 3 3
B -
1.3. Harginally
suitable 54 4 5 4 4 4
. + + —$ .
2. Unsuitable 54 4 5 .5 5 5
st s

ees/B1
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Table 65 Land quality criteria for the suitability classification of soils for livestock farming

"advanced technology" (conversion table)

| Land Quality
r/Eo | Soil Chemical Resistence| Possibility { Ilazard or] Nutritional} Presence Hindrance
(%) | moisture |} soil to erosion| of mechani~ | presence } value of of over-] by ver~

Suitability storage fertility zation of water-| vegetation grazing tation
class capacity logging

1.1 Highly suitable 54 1 2-3 1-2 1-2 1-2 1-2 1 1

1.2 loderately suitable} ;5% 2-3 4 3 3 3 3 2 2

1.3 ilarginally suitable} >54 4 5 4 4 4 4 3 3

2  Unsuitable 54 5 5 5 5 5 5 5 5

eoofh2



Table 7: Results of the suitability classification for maize, millet,

sorghum and sunflower

Suitabilitx class lappings unit Area,
ha 7
1.1 Highly suitable Tr 5 0.6
Pbp 224 23.6
prp 59 6.2
Total for class 1.1 238 30.4
1.1 to 1.2 lighly to Yop 125 13.2
moderately Ybp 50 5.3
suitable Pdp 158 16.6
P3p 20 2.
Total for class 1.1. to 1.2 353 37.2
1.2 Tloderately suitable Bp 1 0.1
VC 47 4..9
Total for class 1.2 48 5.0
1.3 to 2 larginally P1il 53 5.6
unsuitable

Total for 1.3 to 2 53 5.6
2. Unsuitable 1ICE 204 21.5
P2p 4 0.4
Total for class 2 208 21.9
(grand total) 4 950 100.1
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Table 3: Results of suitability classification for large scale

livestock farming

Suitability class

1.1 Highly suitable

Potal for class 1.1

1.1 to 1.2 Miably suitable to
moderately
suitable

Total for class 1.1 to
1.2

1.2 lloderately suitable

Total for class 1.2

1.3 llarginally suitable

Total for class 1.3

2 Unsuitable

Total for 2.

(frand total)

: REin.Ci' unit

Yr

Pbp
Prp
Pip
P3p

Yop

Pbp

P11
P2pP

HCE

175

50
47

[e'+] -

53

I-!-\

57

204

|

204

|

950.

|
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T. Conclusions and recommendations

The Kelelwa farm offers enough scope for arable and livestock farming
provided the present soil conservation measures and livestock standards are

well maintained.

Out of a total of approx. 950 ha of land, roughly 288 ha are considered
highly suitable, 353 ha hiphly to moderately suitable, 48 ha moderately
suitable, 53 ha. Ilarginally suitable and 209 ha unsuitable for arable farming,

For livestock farming, roughly 416 ha are highly, suitable, 175 ha high
to moderately suitable, 93 ha. moderately suitable, 57 ha margimally suitable
and 204 ha unsuitable.

Soil units ¥Yr, Ybp, Pbo and Prp are highly suitable for a varieiy of
crops, however fertili;atio; and early planting during the rains is necessary
to obtain sustain high yield. The soil units P3p, Ybp, P4p and Bp also offer
possibilities, however because of their chemical-and physical pro;erties, they
need a divergent management. Soil mapping unit P1II which is generally
shallow over petroplinthite (murram) or rock can only be used for extensive

grazing.

The central portion ¢f the farm (soil mapping unit HCE) with severe gully
and sheet erosion could be developed into a good prazing area in future if the
present land improvement is complete. This is by levelling the land and
filling in of the pullies, construction of the diversion ditches or terraces;

and planting the land with grasses or binding vegetation.
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A@endix 1s

Detailed descriptions and analytical data of representative soil profiles.

Profile descr. Mapping unit Observation no. Page
1 Yr 118/2-127 48
2 Yop 118/2-125 51
3 Yop 118/2-18 54
4 Php 118/2-137 51
5 Prp 118/2-132 60
6 P} 118/2~128 63
7 P2P 118/2-131 5
8 P3p 118/2-136 69
9 P4p 118/2~79 72
10 Ve 118/2-138 15
11 Bp 118/2~129 78
12 HCE 118/2~133 81
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"LABORATORY DATA OF PROFILE DESCRIPTION No. 1

Observation no: 118/2-127 Mapping unit: Soil classification:

Yr chromic*Bcrisol
Laboratory no. / 11403 11004 11405 11406 11407
Horizon A Btl Bt2 Bt3 BC
Depth (cm) 0-13 13-30 30-50 50-125 125-150
PE-B,0(1: 2% v/v) 5.4 5.3 5.1 5.2 5.4
pH-KC1 " 4.3 4.0 3.8 3.7 4.0
EC(mmho/cm) " 0.10 0.25 0.23 0.08 0.04
CaCo3(8)
Caso, (s)
C (%) " 1.46 '] 0.86 0.39 0.36 0.18
N (%) 0.2 0.1 0.04 0.04 0.02
c/N
.CEC(me/100g) , pH 8.2 21.0 15.4 18.6 18.6 15.8

cec ¢ .
S et Lttt s

pd 7.0

- 4 8
'r;':xture (1imited pretreatment)
Gravel & (>2.0mm)
Sand § (2.0~0.05=m) 56 a8 30 26 34
Silt & (0.05-0.002mm) 4 2 16 14 24
Clay % (0.002-Oumm) 40 0 54 60 42
Texture class sc sC C c C

hboutory no. 11373 /8

'mmle nut:umu

L '22 i

o. 84 ® cpm B
" R : Hlm(pm)
" 3.0
Micronutrients (ppm)
Cu 0.06
Zn 17.0
Fe 31.5




Profile description No. 1

Observation no/dete 118/2-127 of 11/10/80

Unit : Yr
Soil classification :+ chromic © ACRISOL
Ecological zone s III

Geological formation Recent volconics

Loczl petrography Pyroclastic material
Physiography

Relief, macro

Piedmont plains

Gently undulating to undulating

1]

Relief, meso, micro Active termite mounts which are 50m apart

Land use s llaize

Erosion s Nil

Surface stoniness/rockiness s Nil

Slope gradient : 5%

Salinity/alkalinity :  Nil

Surface sealing $  1-2mm, weak

Effective soil depth s llore than 125cm

Drainapre class ¢ Uell drained

A 0-13cn Dark brown (7.5YR 4/4 dry, 7.5YR 3/2 moi.st);

sandy clays; strong, very fine to medium, sub-
angular blocky structure; slightly hard when
dry, friable when moist, slightly sticky and
slightly plastic when wet; common, very fine
to coarse pores; common fine, few, medium and

coarse roots; clear anl smooth transition to:

(sample no. 118/2-127a)

Btl 13-30cm Dark reddish brown (5YR 4/6 dry, SYR 3/4 moist);
sandy clay; moderate, very fine to medium
angular blocky structure; slightly harc when
dry, friable when moist, slightly sticky and

slightly plastic when wet; common, moderate
clay cutans; common, very fine to medium pores:
common fine, few medium and coarse roots:

clear and smooth transition to:

(sample no. 118/2-127Db)

.- /58



Bt2

Bt3

BC

C

30-50cm

50~125cm

125-150cm

150-200cm

- 50 -

Dark reddish brown (2.5YR 3/6 dry, 2.5YR 3/4 moist);
clay; moderate, very fine to medium angular blocky
structure; slightly hard when dry, friable when moist,
sticky and plastic when wet; common, moderate clay
cutanss common very fine to melium pores; few fine
to coarse roots: common to many, iron and manfonese

(5mm) concretions; diffuse and smooth transition tos

(sample no. 118/2-127¢)

Dark reddish brown (2.5YR 3/4 dry, and moist); clay;
moderate, very fine to medium ansular bLlocky
structure; slightly hard when dry, friable when moist,
sticky and plastic when wet; common, moderate clay
cutans; many, very fine to coarse pores: few, fine

to coarse roots; common to many, iron and manganese
(5mm) concoretionss

(sample no. 118/2-127d)

Reddish browm (10YR 4/4 dry, 5YR 4/4 moist): clayj

common to many, iron and manganese (5mm) concretions:

(sample no. 118/2-127¢)

Dark greyish browm (10YR 5/4 dry, 10YR 4/2 moist);
sandy clay; common to many, iron and manganese (5mm)
concretions

.../51







LABORATORY DATA OF PROFILE DESCRIPTION No. 2

Gbservation no: 118/2-125 Mapping unit: Ybp Soil classification:eutric Cambisol

Laboratory no. / 11396 11397 11398
Horizon ' A AB . Bt
Depth (cm) 0-15 15-39 |} 30-98
pH-8,0(1: 2% v/v) 5.8 5.7 ; 6.1
pH-KC1 " 4.3 4.2 4.8 _
EC(mmho/cm) " 0.10 0.08 { 0.17
CaC04(8) '
Caso, (s) _ ) ]
C (%) 1.57 0.77 0.45
N (%) 0.2 0.1 | o.01 1
c/N .-
'CEC(me/100g) , pH 8.2 |22.0 22.0 24.4 : ]
cec ® " pH 7.0 Y o
Exch.Ca(me/100g) 7.5 6.2 9.5
. 3.8 3.8 3.8
" K . 1.0 | o.9 0.7
. Na " 0.5 1.0 1.6
1 sum of cations 12.8 11.9 { 15.6
Base sat. 8, pH 8.2 58 54 64
" " s, pH 7.0
ESP at pH 8.2 2. 1 7
Texture (limited pretreatment) ' 1
Gravel § (>2.0mm)
Sand 8 (2.0-0.05mm) 20 20 26
Silt s (0.05~0.002mm) 34 32 34
Clay & (0.002-Oum) 46 48 40
Texture class c C C/CL
Fertility aspects 0 -3 cm Laboratory no.11371/ 80
General .: Available nutrients .
pE-H,0 (1: 1 v/v)~ 5.5 Na/ms/100g) 0.32 Mn {me/100g) 1.24
Exch. acidity (me/100g% 0.2 K . 0.92 P (ppm) 21
cs 1.01 Ca ® 5.7 P-Olsen (ppm)
N 3 0.11 | Mg ) 3.9 1 .
Remarks: Micronutrients -ouw)
cu 0.06
Zn 8.5

Fe 84.0




Profile description no. 2

Observation no/date

118/2-125 of 17/10/80

oo

Unit s Yup
Soil classification :  ouwtric CAMBISOL
Beolosical zone e III

Geological formation

Recent volcanics
Local petrography
Physiography
Relief, nacro

Pyroclastic materials

Piedmont plains

Gently undulating to undulating

Relief, meso, micro : Wil; (Levelled gulleys and termite mounds)
Vegetation/land use

Rhodes grass (Chloris gayona)/Grazing

Erosion ¢ Nil

Slope gradient s 58

Surface stoniness/rockiness : Nil
Salinity/allcelinity s Nil

Surface sealing ¢ 3mm, moderate
Effective soil depth ¢ 85cnm

Drainage class

well drained

A 0-15cm Dark yellowish bro:m (10YR 5/4 dry, 10YR
4/4 roist)s clay; weak, medium and coarse,
subangular blocky structure: slightly hard
when dry, friable when moist, sticky and
plastic when wet; few, very fine to medium
poress common, fine to coarse roots; clear

and smooth transition to:

(sample no. 118/2-125a)

AD 15-~30cm Dark yellowish brown (10YR 6/4 dry, 10YR
- 3/4 moist); clays wesk, fine, medium and
coarse, subangular blocky structure;
slightly hard when dry, friable s7hen moist,
sticky and plastic when wet; many, very fine
to medium, pores: common fine, medium and

coarse roots; clear and smooth transition tos
(sample no.118/2~1251)
BU 30-98cm Dark yellowish brown (10YR 5/4 dry, 10YR

3/4 moist); clay to clay loam; moderate,

eee/53




Remarks

53 -

fine to coarse, angular‘blocky structure,
hard to very hard when dry, firm when moist,
sticky and plastic when wet; few weak clay
cutans; few, very fine to fine pores; few,

fine to medium roots:
(sample no. 118/2-125¢)

s 100 cm-. very hard to auger
2. Ilany manganese coatings at the depth
of 30-98cm.

.. /50







LABORATORY DATA OF PROFILE DESCRIPTION No. 3

Observation no: 44§ /2_78

Mapping unit: Yop Soil classification:Vertic luvisel

Laboratory no. / | 11388 11389 11390 11391
Horizon Ap Btl - B%2 BC -
Depth (cm) .0=18 18-60 60-80 80-100
pH-H,0(1: 24 v/v) 5.8 5.8 7.4 1.6
pB-KC1 " 4.4 4.6 6.4 6.2
EC{mmho/cm) " 0.11 0.60 0.65 0.30
CaC03 (%)
Caso, () .
C (%) 0.83 0.56 0.42 0.33
N (8) 0.1 0.06 0.04 0.03
c/N
CEC(me/100g), pH 8.2 | 15.4 ~ | 28.8 29.4 27.8
Cec » " pE 7.0 '
Exch.Ca(me/100g) 4.9 i3.6 .20.0 16.4
. Mg " 3.1 5.8 5.4 3.8
» X " 1.2 2.4 2.6 - 2.4
" Na " 0.4 1.9 2.1 1.9
‘Sum of cations 9.6 23.7 -30.1 24.5
Base sat. %, pH 8.2 62 82 100+ 88
" "~ &, pH 7.0
ESP at pH 8.2 3 7 7 7
Texture (limited pretreatment)
Gravel % (>2.0mm) .
Sand 8 (2.0~0.05mm) 50 32 32 36
Silt % (0.05-0.002tzm) 26 16 24 26
Clay s (0.002-Omm) 24 52 44 38
Texture class SCL C C S
Fertility aspects -30 cm Laboratory no. 11369 /8o
General Available nutrients
PE-B,0 (111 v/v) 5.5 Na/me/100g) | 0,22 Mn (me/100g) 1.34
Exch. acidity (me/loog) ©-2 K " ~ 0.84 P (ppm) 14
cs 1.0 Ca " 5.2 P-Olsen (ppm)
N s 0.11 Mg " 3.0
Remarks : Nicremutrieats (ppm)
Cu 0.02
Zn 4.5
‘Peo 64.0




Profile description no. }

Observation no/date
apping unit

Soil clessification
Ieological zone
Geological formation
Local petrogsraphy
Physiozrgphy

Relief, macro
Relief, meso, micro
Vegﬁtation/land use
Lrosion

Surface stoniness/rockiness
Slope gradient
Selinity/alkalinity
Surface sealing
Effective soil depth

Drainage class

Ap 0-18cm

Bt1 13-60cm

5 -

118/2-718 of 22/9/80
Ybp

vertic LUVISOL

s III

Recent volcanics

Pyroclastic materials

Piedmont plain

-0

CGently wndulating

Nil

Millet (Tleusineccorwcana)
Nil

Nil

2-3%

Hil

Nil

80cn

oderately well drained

L1} . (1] 1) .0 oo (13 oo

Very dark greyish browm (10YR 5/4 dry, 10YR
3/2 moist)s; sandy clay loam; weak, very fine
to fine subangular blocky structure; slightly
hard vhen dry, friable when moist, sticky and
plastic when wet; few to common, very fine to
fine pores; meny, very fine roots; clear and

smooth transition to:
(sample no. 118/2-73a)

Very dark greyish brown (10YR 3/2 moist); clay:
strong, mediwn to coarse prismatic breaking to
strong, fine, medium and coarse angular blocky
étructure; hard when dry, friable when moist,
sticky and plastic when wet; common, weak clay
cutanss common, fine roots; common, c&lcium
carbonate concretions; clear and smooth

transition to:

(sample no. 118/2-78b)

/55 S




Bt2 60-80cm

BC 80-100cm

Remarks in the BC horizon

o8

56 -

Dark brown (10YR 3/3 moist); clay: common,
medium, yellowish brown (10YR 5/8) distinct
mottles: strong, fine and medium angular
- blocky structure; friable when moist, sticky
and plastic when wet; common, moderate clay
cutonsy few fine rootss common, calcium
oorbonate concretionss gradual and smooth

itransition to:

(sample no. 118/2-78c)

Dark brown (10YR 3/3 moist); clay; common,
medium distinct yellowish brown (10YR 5/8)
nottlesy weak, fine and medium subangular
and angular blocky structure; friable when
moist, sticky and plastic when wet; few, weak
clay cutans; few fine roots; common (1-3mm)
calcium carbonate concretionsy slightly

calcareous;

(sample no. 118/2-784)

1. Pragments 6f weathering rock which contain

feldspars and quartz.

2. Common cracks of S5mm in diameter and 20cm

deep occur in the profile.

/51






LABORATORY DATA OF PROFILE DESCRIPTION No. 4

Gbservation no18/2-137

Mapping unit:Pbp

Soil classification:Orthic Luviéol

Laboratory no. / 11437 11438 11439 11440
Horizon Ap AB _ Bt BC
Depth (cm) 0-18 18-35 35-70 70-110
pH-H,0(1: v/v) 6.6 6.9 6.7 7.2
pH-KC1 - 5.1 4.9 5.4 6.0
EC (mmic/cm) - 0.40 0.09 0.07 0.14
Cac05 (%)
CaSO4(\) .
C (8) 1.09 0.59 0.50 0.53
N (%) 0.1 0.06 0.05 0.05
/N . B
CEC(me/100g) , pH 8.2 15.4 17.0 20.2 21.0
CBC " * pH 7.0
Exch.Ca(me/100g) 5.7 6.9 8.4 11.5
"~ Mg " 2.4 3.2 3.9 3.5
K " 2.2 2.4 3.1 4.2
" Na " 0,2 0.3 0.4 0.7
Sum of cations 10.5 12.8 15.8 19.9
‘Base sat. %, pH 8.2 68 75 78 95
" " s, p 7.0 .
ESP at pH 8.2 1 2 2 3
Texture (limited pretreatment)
Gravel & (>2.0mm)
Sand & (2.0-0.05mm) 58 54 46 54
Silt % (0.05-0.002mm) 22 16 20 22
Clay % (0.002-Omm) 20 30 34 24 "
Texture class SCL/SL SCL SCL SCL )
Fertility aaspects ~30 om Laboratory no. 44 383 /SQ
General Available nutrients
PH-H,0 (111 v/v) 6.3 | Na/me/l00g) | 0.10 Mn(me/100g) | 1.22
Exch. acidity (me/100g - K " 1.98 P (ppm) 30
cs 1.13 | ca " 4.6 P-Olsen (ppm) - ]
N % 0.11 | Mg - 2.9 7
Remarks: Mioreautriente (ppm)
Cu 0.04
- Zn . 5.5
Pe 75.0




Profile descripjion no.

"

2

Observation no./date
Mapping unit

Soil classification
Geological formation
Local petrography

Physiography

Relief, macro
Relief, meso, micro
Vegetation/land use
Erosion

Slope ¢radient
Salinity/alkalinity
Surface sealing
Bffective so0il depth
Drainage class

Ap Q—-1 8cem
AB 18=35cm
Bt 35-70cm

s 118/2-137 of 22/9/30

pbp
orthic LUVISOL

¢ Recent volcanics

*»

¢ Pyroclastics and sediments derived from
pyroclastic rocks of the Rongai plain

+ Volcanic plain

¢ Flat to rgently undulating

: Nil

¢ Rhodes grass (Chloris gayana)/Crazing area

s Nil

s 25

s Wil

s Nil

¢ 110cm

Hell drained

Dark reddish brown (5YR 4/3 dry, 5YR 3/2 moist);
sandy toam to samdy clay loam; weak, fine,
medium and coarse subangular blocky structurej
hard when dry, friable when moist, slightly
sticky and slightly plastic when wet; few, ver&
fine to coarse pores; few, fine rootsj gradual

and smooth transition to:
(sample no. 113/2-137a)

Dark reddish brown (5YR 4/3 dry, SYR 3/2 moist);
sandy clay loam; moderate, fine to coarse angu-
lar blocky structure; slightly hard when dry,
firm when moist, slightly sticky and slightly
plastic when wet; common, very fine to medium
pores; few, fine roots; gradual and smooth
transition tos

(sample no. 118/2-137b)

Dark brown (10YR 4/4 dry, 10YR 3/3 moist) sandy
clay loam; moderate, fine, medium and coarse
angular blocky structure; slightly hard when
dry, firm when moist,

/59




- 5 -
)
slightly sticky and slightly plastic when
wet: few, thin clay skins; common, very fine
to medium pores; gradual and smooth transi-

tion to:

(sample no. 118/2-137¢c)

BC 70-110cm Dark yellowish brown (10YR 5/6 dry, 10¥R 3/6
moist); sandy clay loam; weak, fine and
medium angular, blocky structure; slightly
hard when dry, firm when moist, sticky,and
plastic when wet; few, very fine to medium
pores

(sample no. 118/2-137d)

R 110cmr Pyroclastic rock.

a./ 6o.







LABORATORY DATA OF PROFILE DESCRIPTION No.5

Observation no: 118/2-132 Mapping unit: Prp

Soil classification: Chremic Luvisel

Laboratory no. / 11420 11421 11422 11423
Borizon Ap Btl Bt2 Bs _
Depth (cm) 0-15 15-40 | 40-60 |60-110 '
pa—alo(lzai‘ v/v) 5.6 5.8 5.3 5.2 _
pE-KC1 " 3.8 4.9 3.7 3.8 .
EC(mmho/cm) " 0.05 0.06 | 0.15 | 0.06 _ |
CaCo3(%) ]
Cas0, (%) . fL‘
C (%) - 2.20 0.71 0.39 0.35 -
N (%) 0.2 0.07 { 0.04 | 0.04 N ;
c/N
CEC(me/100g) , p8 8.2 | 17.8" 16.2 16.2 {18.0
CEC = " pH 7.0 ‘
Exch.Ca(me/100g) 6.5 2.5 2.2 4.0
~ ug ° 4.5 2.8 1.9 | 2.0
= k- 1.3 0.9 0.8 | 1.4 i
= Na " 0.1 0.2 0.9 1.3
Sum of cations - 12.4 6.4 5.8 8.7
Base sat, %, pH 8.2 70 . 40 36 48
E ~ &, pB 7.0
ESP at pH 8.2 1. 1 6 7
Texture (limited pretreatment)
Gravel & (>2.0mm) :
Sand % (2.0-0.05zm) 36 30 26 28
Silt % (0.05~0.002mm) 24 22 16 14 T
Clay & (0.002-Onmmm) 40 48 58 58 o
Texture class C/CL c c C T
Fertility aspects 0-30cm Laboratory no.11378 480
General Available nutrients _
PE-H,0 (1: 1 v/%) 5.9 | Na/me/l00g) | 0.09 mnme/1003) | .24
Exch. acidity (me/100g) - K " 1.16 P (ppm) 112.0
‘C % 1.34 Ca . 4.1 P-Olsen (pp=!
NS 0.15 | mg " 3.9 |
Remarks: Kicremutrients (ppm)

Cu 0.08

Zn 6.0

. Pe 28.5




Profile Descrigpion No.5

Obse.vation no./date
Mapping unit

Soil classification
Geological formation
Local petrography

‘Physiography

Relief, macro
Relief, meso, micro
Vegetation/land use
Erosion

Slope gradient
Salinity/alkalinity
Surface sealing
Effective soil depth

Drainage class

Ap 0-15
Bt1 15-40cm
Bt2 40-60cm

oo-

:  118/2-132 of 21/10/80
Prp
chromic LUVISOL

t Recont volcanics

t Pyroclastics and sediments derived from
pyroclastic rocks of the Rongai plain

$° -Volcanic plain

s Very gently undulating

active termite mounds, 100m apart

Rhodes grass (Chloris payana)/Grazing ares
s Nil

2%

Nil

Nil

¢ 110cnm

s ell drained

Dark bromm (7.5YR 4/4 dry, 7.5YR 3/3 moist);
clay loam to clay; weak, fine and medium sub-
angular blocky structure; slightly hard when
dry, friable when moist, slightly sticky and
slightly plastic when wet; common, very fine to

medium pores; few, fine roots; clear and

smooth transition to:

(sample no. 118/2-137a)

Dark reddish brown (2.5YR 4/6 dry, 2.5YR 3/4
moist); clays weak; fine and medium angular
blocky structure; slightly hard when dry,
friable when moist, slighfly sticky and slightly
plastic when wetj common, thin clay skinsg

common, very fine to medium pores; few, fige

roots; gradual and smooth transition to:

(sample no. 118/2-132%t)

Dark reddish brown (2.5YR 5/6 dry, 2.5YR 3/4
moist); clay: weak, very fine, fine and medium
angular blocky structure; slightly hard when dry,
friable when moist, slightly sticky and slightly

plastic when wet; common, moderate jk?y skins,
2



Bt3

Remarks:

60-110cm

110cm-

62 _

common, very fine to medium pores; gradual

and smooth transition tos

(sample no. 118/2-132¢)

Dark reddish brown (2.5YR 3/4 dry and moist);
clay; weak, very fine, fine and medium sub-
angular blocky structure; slightly hard when
dry, friable when moist, sticky and plastic
when wet; common, moderate clay skins: few,

very fine to medium poress

(sample no. 118/2-1374)

llany piso and petroferric material

(marrum)

. /63
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LABORATORY DATA OF PROFILE DESCRIPTION No. 6

dystric CAMBISOL,
Gbservation no: 118/2-_128 Mapping unit: PIN  Soil classification: petreferric phase

Laboratory no. / 11408 11409
Borizon ‘ A Bs
Depth (cm) 0-13 13-25
pH-B,0(1: 2% v/v) - 5.9 5.6
pH~-KC1 " 5.0 4.0
EC (mmho/cm) " : 0.06 0.20
- CaC03(%) ;
Casoq(s)
C (%) 1.69 0.83
N (%) _ - 0.2 0.1
c/N
CEC(me/100g), pH 8.2 15.8 11.8
CEC " " p8 7.0 :
Exch.Ca(me/100g) 5:5 2.5
» Mg i ) 2.9 2.0
" K " 0.7 0.4
" Na . 0.1 0.2
1 sum of cations 9.2 5.1
Base sat. %, pE 8.2 | 58 43
. " &, pH 7.0
ESP at pH 8.2 1 2
Texture (limited pretreatment)
Gravel & (>2.0mm)
Sand 8 (2.0-0.05mm) 56 50
Silt & (0.05-0.002rm) 20 20
Clay % (0.002-Omm) - 24 30
Texture class ScL SCL
Fertility aspects 0-30cm Laboratory no.11374 /80
General . ; Available nutrients
pE-8,0 (1:1  v/v) 5.7 Na/me/100g) | 0.09 Mn(me/100g) | 1.20
Exch. acidity (me/l100g§ =~ K " 0.82 P (ppm) 10
Cs 1 1.58 Ca " 3.6 P-Olsen (ppm)
N % 0.13 Mg " 3.0
Remarks:

Kicremutrients (ppm)

.08
7.0
50.0

-2




Profile Description No. 6

Qbservation noa/ﬂate
lapping unit

Soi.l classification
Geological formation
Local petrography

Physiography

Relief, macro
Relief, meso, micro
Vegetation/land use
Erosion

Slope gradient
Salinity/alkalinity
Surfzce sealing
Effective soil depth
Drainage class

A 0-13cm

Bs 13-25em

64 ~

118/2-128 of 18/10/80

: P

Dystric CAMBISOL, petroferric phase
¢t Recent volcanics

$ Pyroclastic and sediment: rocks of the
Rongai plain

Volcanic plain

Flat to gently undulating
3 Flatteped termite mounds
Grazing area

Nil

e (13 L]
——

-
A2

-y

Nil

3mm, moderate
50cm

¢ lell drained

..

Dark yellowish.brown (10YR 5/1 dry, 10YR 3/4
moist); sandy clay loam; weak, very fine and
fine subangular blocky structure; slightly
hard when dry, friable when moist, slightly
sticky and plastic when wet; few, very fine and
fine pores; common, iron anc manganese concre-
tions of 7-10mm in diameter§ many, fine and

medium roots; clear and smooth transition tos

(sample no. 118/2-128a)

Yellowish brown (10YR 5/6 dry, 10YR 5/3 moist);
gravelly sandy clay loam; weak, very fine and
fine subangular blocky structure; slightly hard
when dry, friable when moist, slightly sticky
and slightly plastic wvhen wet; few, very fine
and fine pores; many iron and manganese ..
econcretions of 7-10mn in diamoterfew, fodium
and coarse roots: gradual and smooth transition
to:

(sample no. 118/2-120b)

IALS




- 65 -

BCcs 25-50c¢m . Dariz yellowish bro-m (10YR 5/5 dry, 10YR
4/6 moist)s eravels

50cm+ petroferric naterial (marrum)
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LABORATORY DATA OF PROFILE DESCRIPTION No. 7

tbservation no: 118/2-131 Mapping unit:

ng Soil classification: éutric Cambisol

Laboratory no. / 11417 11418 11419
Horizon ' A Bu ‘BC
Depth (cm) 0-15 15-40 40-75
pH-H,0(1: 25v/v) 6.5 . 6.0 5.6
pH-KC1 " 4.7 4.9 4.1
EC(mmho/cm) " 0.08 0.23 0.07
CaCo;3 (%) 1.46 0.68 | 0.48
Caso, (%) 0.1 0.07 0.05
C (%)
N (%) 16.2 13.2 10.0 )
C/N .
CEC(me/100g) , pB 8.2 4.8 2.9 4.8
CeCc 0" g 7.0 3.0 2.1 1.3
Exch.Ca(me/100g) 1.1 0.3 0.6
o Mg » 3.0 2.1 1.3
" K " 1.1 0.3 0.6.
" Na " 0.2 0.2 0.8
Sum of cations 9.1 5.5 7.5
Base sat, %, pB 8.2 56 42 75
" * &, pH 7.0
ESP at pH 8.2 1 2 8 -
Texture (limited pretreatment)
Gravel & (>2.0mm)
Sand 8% {2.0~0.05mm) 36 42 S0
Silt & (0.05-0.002mm) 36 24 26
Clay % (0O.002~Omm) 28 34 24
Texture classg CcL CL SCL
Fertility aspects - 30cm Laboratory no.11377 /80
General - ) Available nutrients
PE~H,0 (1: 1 v/v) 5.7 Na/me/100g) | ©0.10 Mn éme /100g) 1.40
Exch. acidity (me/100g) - X " 0.70 P (ppm) 10
Ccs 1.77 Ca . 4.6 P-Olsen (ppmi
N % 0.16 | Mg " 3.3 '
Remarks: , Micronutrients (ppm)
Cu 0.06
Zn 7.0
Fe 26.5




Profile description no. 1

Observation no./date

Unit

Soil classification
Beological zone
Geological formation
Local petrography

Physiography
Relief, mecro
Relief, meso, micro
Vegetation/land use
Erosion

Slope gradient

Surface stoniness/rockiness

Salinity/alkalinity
Surface sealing
Effective soil depth

Drainapge class

A 0~15cm

Bu 15-40cm

L

s 118/2-131 of 21/10/30

Ty p2p

s+ eutric CABISOL

s III

1 Recent volcanics

s Pyroclastics and sediments derived from
pyroclastic rocks of the Rongai plain

¢t Volcanic plain

s+ Gently undulating

Few inactive termite mounds

: Grazing area

Slight gully and sheet erosion

s 35

s  Very rocky

t Nil

¢ 3mmg moderéte
¢ T5cm

: Well drained

Dark reddish brown (5YR 4/6 dry, 5YR 3/3 moist):
clay loam; weak, fine and medium subansular
blocky structure; slightly hard when dry,
friable when moist, slightly sticky and slight-
ly plastic when wet; many, very fine to medium
pores; much animal activity (krotovinas); few,

fine rootsy eradual and smooth transition to:

(sample no. 113/2-131a)

reddish brown (5YR 5/6 dry, 5YR 4/4 moist);
clay loam; weak, fine, medium and coarse sub~-
angular blocky structure; slightly hard when
dry, firm when moist, slightly sticky and
slightly plastic when wet; many, very fine to
medium pores; much animal activity (krotovinas);
many, fine roots; gradual and smooth transition
to:

(sample no. 115/2-131b)

an-/53 ”"/";




BC

40~75cm

8 -

Dark reddish brown (7.5YR 5/5 dry, 5YR 3/4
moist)s sandy clay loamj weak, very fine,

fine and medium subangular blocky structure;
slightly hard when dry, firm when moist,
slightly sticky and slightly plastic when wet:

common, very fine to medium pores.

(sample no. 118/2-131¢)







'LABORATORY me OF PROFILE DESCRIPTION No.8

Observation no: 118/2-136 Mapping unit: P3p

Soil classification:mellic Andesel

Laboratory no. / 11434 11435 | 11436
Borizon Ap BU1 BU2
Depth (cm) 0-18 18-43 | 48-110
pR-8,0(1: 2% v/v) T.1 T.3 '} 8.1
pB~KCl » » 6.3 6.2 6.7
EC(mmho/cm) " 0.50 0.35 | 0.20
CaCo3(%)
CaSO, (#)
C (%) 0.77 0.38 0.21
N (%) 0.08 0.04 0.02 :
c/m |
CEC(me/100g) , pH 8.2 | 33,6 22.8 27.8
CEC " " pH 7.0
Exch. Ca(me/100g) 26.0 | 15.5 22.0
" Mg " 2.5 1.4 2.2
= k" 1.7 0.6 1.7
"= Na -~ 0.4 | 0.5 1.9
T Sum of cations 30.6 18. 27.8
Base sat. %, pg. 8.2 | &1 79 100
" " &, pB 7.0
ESP at pH 8,2 1 2 )
Texture (limited pretreatment)
Gravel % (>2.0mm)
Sand % (2.0~0.05mm) 28 24 28
silt & (0.05~0.002mm) 26 38 28
Clay & (0.002-Omm) 46 38 44
Texture class C C}’r C
Fertility aspects 0-30 om Laboratory no. 41382 / 8
General _ Available nutrients
pE-H,0 (1: 1 v/v) 7.5 Na/me/100g) 0.20 Mn (me/100g) 0.67
Exch. acidity (me/100g) - X " 0.56 P (ppm) 27
cs 0.48 | Ca " | 17.6 P~Olsen (ppm)
Ins . 0.06 | Mg " 2.1
\ Remarks:
—-_— Niorenutrients {ppm)
Cu 0.06
Zn 1.5

Pe 25.5




Profile description no. o)

Observation no./date

118/2-136 of 22/10/90

Unit s P3p
Soil classification ¢ mollic ANDOSOL
Ecologsical zone s IIX
Geological formation s Recent volcanics
Local petrography ¢ Pyroclastic and sediments derived from
pyroclastic rocks of Rongai plain
Physiopgraphy ¢+ Volcanic plain
Relief, macro t Very gently undulating
Relief, meso, micro ¢ Nil
Land use 3 Fingermillet (Eleusine corocana)
Erosion s Nil
Slope gradient : 25
Surface stoniness/rockiness : Nil
Salinity/alkalinity + Nil
Surface sealing : Nil
Effective soil depth t 110cm
Drainage class ) 1 Uell drained
Ap 0-18cm Very dark greyish brown (10YR 4/3 dry, 10YR 3/2
moist); clay; weak, very fine and fine sub—
angular blocky structure; slightly hardi <then
dry, friable when moist, sticky and plastic
when wet; common, very fine to fine pores; few,
fine roots; clear and smooth transition to:
(sample no. 118/2-136a)
2Bu1 18-48¢n Yellowish browm (10YR 7/3 dry, 10YR 5/4 moist):
clay loam; moderate, fine and medium subangular
to angular blocky structures slightly hard when
dry, friable when moist, sticky and plastic . = :
when wet.slightly calcareousy few, very fine
pores; many manganese concretions of 3-5mm in
diametersmany fine roots; clear and smooth
transition tos:
(sample no. 118/2-136b)
3Bu2 48-110cm Dark yellowish brown (10YR 5/8 dry, 10YR 4/6

moist); clay; moderate, very fine and fine
angular blocky structure; ,,,/74




Remarks

110cm

-

slightly hard when dry, friable when moist,
sticky and plastic when wet; moderately
calcareous:

(sample no. 118/2-136¢)

Pyroclastic rock

1, ilany calcium carbonate concretion of 5-15mm

on the surface

2. Three distinct volcanic ash layers in the
profile.

.. 12
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" LABORATORY DATA OF PROFILE DESCRIPTION No. 9

Observation no: 11 8/ 2-719

Mapping unit: P4p Soil classification: Orthic LUVISOL

Laboratory no. / 11392 11393 11394 11395
Horizon Ap Btl .| Bt2 c
Depth (cm) 0-15 1545 45~-70 | 70-120
pH-H,0(1: 2% v/v) 6.4 5.6 - 7.5 7.9
pE-KC1 " 5.2 4.3 6.2 6.7
EC (mmho/cm) " 0.19 0.25 0.50 0.40
CaCo4 (%) ' ’
CaSO4(t)
Cc (%) 1.3 0.59 0.62 0.15
N (%) 0.13 0.06 0.06 - i
c/N ]
CEC(me/100g) , p8 8.2 |23.6 26.0 30.5 16.2 .
CEC " " pH 7.0
Exch. Ca(me/100g) 10.4 11.9 22.0 13.6
" Mg " 3.2 4.0 5.7 1.4
" K " 1.7 1.3 1.9 1.7
" Na " 0.7 0.6 1.1 2.6
Sum of cations 16.0 17.8  |30.7 19.3
1 Base sat. %, pH 8.2 68 68 | 100+ 100+
" " &, pH 7.0
ESP at pH 8.2 3 2 1 2
Texture (limited pretreatment)
Gravel & (>2.0mm)
Sand % (2.0-0.05mm) 38 30 28 60
Silt & (0.05-0.002mm) 22 14 | 18 28
Clay & (0.002-Onm) 40 52 54 12
Texture class c/cL ¢ ¢ SL
Fertility aspects 3 - 30cm Laboratory no. 11370 /80
General . Available nutri=nts
PE-B0 (1: 1 v/V) 6.2 | Na/me/100g) | 0.78 | “nime/100g) 0.71
Exch. acidity (me/l0Og} ~ X " 0.82 P (ppm) 16
Cs 1.13 Ca " 7.5 P-Olsen (ppm)
N % O;ii Mg " 3.0
Remarks: NIcrenutrieats (ppm)
Cu 0.04
Zn 2.5
Pe 31.0




Profile descr;ption no. 9

QObservation no,/date
Unit

Soil classification
Ecological zone
Geolorical formation

Local petrography

Physiography
Relief macro
Relief, meso, micro
Vepetation/land use
Erosion

Slope gradient

Surface stoniness/rockiness

Salinity/alkalinity
Surface sealing
BEffective soil depth
Internal drainage

Ap 0-15cm

Bt1 15-45cm

73 -

1]

113/2-79-of 22/9/80

3 P%R
¢ ortnic LUVISOL
s IIT

Recent volcanics

s+ Pyroclastic and sediments derived from

pyroclastic rocks of Rongai and Momtio

oo

Volcanic plain

Very sently undulating

Levelled area?

Rnodes grass (Chloris gayana)/razing
s Nil

2%

g Nil . -0 0o

Nil

Nil

120cm

iloderately well drained

oo

o

o

Dark brown (10YR 5/3 dry, 10YR 3/3 meist); clay
loam to clay; moderate, very fine, fine and
medium subansular blocky structure: slightly
hard when dry, friable when moist, sticky and
plastic when wet; common, very fine %2 fine
pores; many very fine to fine roots: clear and

smooth transition to:
(sample no. 113/2-79a)

Dark brosm (10YR 3/3 moist); clay; moderate,
fine and medium angular blocky structure; hard
when dry, friable to firm when moist, sticky - .
anil plastic when wet, common, thin clay skins;
few, very fine to fine pores; common, very fine,
to medium roots; gradual and smooth transition

tos

(sample no. 113/2-79b)

. /14




Bt2

R

Renark:

45~70cn

70-~120cm

120+

very dark greyish brown (LOYR 3/2 moist);
clay; noderate, raedium and coarse angular
blocky structurej-hard when dry, firm
(compact) when mnoist, sticky and plastic
when wet; cormon, noderate clay skins; few,
very fine to fine pores; many calciun
carbonate concretions O-3rm in diameter;
feuw, very fine to medium roots; clear and

smooth transition tog
(sample no. 113/2-79¢)

Dark brown (10YR 5/3 dry, 10YR 3/3 moist);
sandy loamj structureless; hard when dry,
very fine when moist, non-sticky and non-
plastic when wet; moderately calcareous;
few, very fine to fine pores:

(sample no. 113/2-79d)
Pyreclastic rock

From the depth of 45cm the soil is very
conipact.

ceenss/T5
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LABORATORY DATA OF PROFILE DESCRIPTION No. 4p

Cbservation uo: 148/2.138 Mapping unit: yg  Soil classification: eutric CANBISOL

Laboratory no. / 11441 11442 11443
Borizon ' Ap BU BC
Depth (cm) 0-18 | 18-43 | 43-86
pE-H,0(1: 24 v/V) 6.3 5.9 6.3
PB-KC1 " 5.3 4.8 5.0
EC (smwho/cm) " 0.21 0.21 0.60
CaCoy(%)
CaSO4(‘) .
C (%) 2.21 0.88 0.32
N (%) 0.2 0.09 0.03
c/N
CEC(me/100g) , pH 8.2 15.8 23.6 9.0
CEC " " pH 7.0
Exch.Ca(=e/100g) 1.7 1.5 5.4
" Mg " 4.7 5.4 2.5
~ k" 2.8 3.2 1.1
" Na " 0.2 0.5 0.2
Sum of cations 15.4 16.6 9.2
| Base sat. %, pH 8.2 97 70 100+
" = s, pi 7.0
ESP at pH 8.2 1 2 2
Texture (limited pretreatment)
Gravel & (>2,0mm)
Sand % (2.0-0.05mm) 30 26 74
Silt & (0.05-0.002mm) 40 38 8
Clay % (0.002~Omm) 30 36 18
Texture class CL CL SL
Fertility aspects - 30cm Lsboratory no.q1384 /80
General _ 1 Available nutrients
PH-E,0 (1:1  v/v) 6.1 Na/me/100g) | 0,12 Mn e /100g) 1.55
Exch. acidity (me/l100g} - K " 2.60 P (ppm) 46
cCs 1.99 Ca " 8.6 P-Olsen (ppm)
N % 0.11 Mg " 5.3
Remarks: Micrenutrients (ppm)
Cu 0.06
Zn 20.5
Feo 27.0




Profile descrigtion no. 10

Observation no./date
Unit

Soil classification
Tcological zone
Geological formation

Local petrography

Physiography
Relief macro
Relief meso, micro
Veretation/land use
Brosion

Slope ¢radient

Surface stoniness/rockiness

Salinity/alkalinity
Surface sealing
Bffective soil depth
Internal drainarpe

Ap 0-18cm

Bu 13-34cm

76 =

i 118/2-133 of 23/4/30
s VC )
eutric CABISOL.

III

Recent volcanics

3 Pyroclastics and sediments derived from

pyroclastic rocks of Rongai and Mosotio

Migor valley

Gently unduleting

Nil

Rhodes rrass (Chloris gayana)/Grazing area
Nil

3%

Nil

s Wil

Nil

: 86em

tlell drained

[23

co

1]

Very dark greyish brovm (10YR 5/3 dry, 10YR 3/2
moist)y clay loam; weak, very fine, fine and
medium subangulaf blocky structure; hard :then
dry, firm when moist, slirhtly sticky and sli-
chtly plastic when wet: common, very fine to
medium pores; many, very fine, to medium roots,
few coarse roots; clear and smooth transition

tos

(szmple no. 116/2-132a)

Dark bro-m (10YR 5/4 dry, 10YR 3/3 moist); clay
loam: ireak, to moderate, very fine, fine and
medium subangular blocky structure; friable to

firm when moist, slightly sticky and slightly

plastic when wet; common, fine to medium pores:
few, coarse pores; common, very fine to medium
roots, few, coarse roots; abrupt and smooth
transition tos

(sample no. 113/2-133Y)

)17



28C

4-86cm

86cm

m -

Dark yellowish brown (10YR 4/ dry, 10YR 3/6
moist): sand; loam; weak, very fine, fine and
medium subangular blocky structure: slightly
hard when dry, friable when moist, slirhtly
sticky and slightly plastic vhen wet; few, fine
to mediun poress few, very fine to medium

rootss
(sonple no. 118/2-138¢)

Pyroclastic rock

. o:/78







LABORATORY DATA OF PROFILE DESCRIPTION No. 11

Gbservation no: 118/2-129 Mapping unit: Bp Soil classification:p}inthi:

¢ rleyssl
Laboratory no. / 11410 11411 11412 11413
Horizon ‘ A Bgsl Bgs2 Bgs3
Depth (cm) 0-25 25-50 50-70 70-104
pA~B,0(1: v/v) 5.8 5.3 5.9 5.7
PE-KC1 " 4.3 4.9 4.4 4.5
EC(mmho/cm) " 0.04 0.13 0.13 0.11
Caco3(%)
CasoO, (%) ,
c (%) 0.74 1.13 | 0.62 0.59
N (%) 0.07 0.1 0.06 0.06
C/N
CEC (me/100g) , pH 8.2 271.0 21.8 23.6 21.0
CECc " pH 7.0
Exch. Ca(me/100g) 1 11.5 10.0 8.0 7.7
“ Mg » - 4.3 . 3.5 3.5 3.0
" K " 1.5 1.7 0.9 0.6
" Na " 0.4 0.4 0.7 0.9
Sum of cations 17.7 15.6 | 13.1 12.2
Base sat. %, pH 8.2 66 - 72 56 58
» . %, pE 7.0 '
ESP at pH 8.2 2 2 3 4
Texture (limited pretreatment)
Gravel 8 (>2.0mm)
Sand 8 (2.0-0.05mm) 20 24 42 40
Silt & (0.05-0.002mm) | 26 34 20 20
Clay & (0.002~Omm) 54 42 38
Texture class c c CL G%L
Fertility aspects 0~-30 cm Laboratory no.11375 /30.}
General : : Available nutrients
pH-H,0 (1: v/v) 25 Na/me/100g) | 0.24 Mn ¢me /100g) 1.44
Exch. acidity (me/100g)] 0.1 K " 1.18 P (ppm) 18
cC % 1 1.2 Ca " 5.9 P-Olsen (ppm)
N % ‘ 0.13 Mg " 3.8
Remarks: Hicremutrients (ppm)
Cu 0.10
Zn 5.5
Fe 34.0




Profile description no.11

Observation no./date
Unit

Soil classification
Boological zone
Geological formation
Local petrography
Physiography

Relief macro

Relief meso, micro

Vesetation/land use
Erosion

Slope gradient
Surface stoniness
Salinity/alkalinity
Surface sealing
Effective soil depth

Internal drainagce

A 0-25cm

Be 25-50cm

9 -

: 118/2-129 of 13/10/80
Bp

s  plinthic GLEYSOL

III

MAMluvium

o0

*® .

AMluvium derived from pyroclastic rocks
s Dottomland
Very gently undulating

: Common, active and inactive termite mounds
(approx. 30m. apart)

acacia spp; ¢razing area

Nil

=

TOcm
Imperfectly drained

Dark brown (10YR 5/4 dry, 10YR 3/3 moist): olaye
strongs, medium, coarse and very coarse prisma’ic
structure breaking into moderate, fine and meli-
um angular blocky structure; very hard when dry,
firm when moist, sticky and plastic when wet;
few, very fine to fine pores; wany, fine to

medium roots; clear and smooth transition tos

(sample no. 113/2-129a)

Broxm (10YR 6/3 dry, 10YR 5/3 moist): many,

medium,distinet mottles (7.5YR 5/3); clayj .-
medium and coarse angular blocky structure;
hard when dry, fiem when moist, sticky and
plastic when wet; few, thin, slickensides; few,
very fine to fine pores; few, fine to medium

roots; ¢radual and smooth transition tos

(sample no. 118/2-1291)

.../80




Besl

Bes2

50-70cm

T0-101cm

- 80 - 7

Dark bro'm (#0TR 6/3 dry, 10YR 4/3 moist); many,
medium distinct mottles (7.5YR 6/6); clay loam:
moderete; medium and coarse, angular blocky
structure; hard when dry, firm when moist, sticky
and plastic then wet; common, moderate slickensiies;
few, very fine to fine pores; many iron and manga-—
nese concretions of approx. 5Smm in diameter very

fow, fine roots; gradual and smooth transition to:

(sample no. 118/2-129¢)

Dark yellowish brown (10YR 3/4 moist); many, fine
distinot mottles (7.5YR 6/6); clay to clay loam;
mocerate, medium and coarse, angular blocky
structure: hard when dry, firm when moist, sticky
anc plastic when wet; few, very fine to fine pores:
many iron and mangenese concretions of app¥ox.55mm
in diameter

(sample no. 118/2-129d)

..o /81
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LABORATORY DATA OF PROFILE DESCRIPTION No. 12

Gbservation no: 118/2-133 Mapping unit: WCE

Soil classification: eutic Pluvisel

Yo

Kioremutrients (ppm)

0.08
3.5
74.0

Laboratory no. / 11424 11423 11426

Horizon cl cz C3

Pepth (cm) 0-30 30-70 | 70-110

PR-H,0(1: v/v) 6.3 6.0 6.3

pH-KC1 " 5.3 5.0 5.3

EC(mmho/cm) " 0.09 0.14 0.35 N

CaCo3(%)

Caso, (%) .

C (%) - 0.35 0.38 0.32 L

N (%) 0.04 0.04 0.03 | _f
o R
CEC(me/100g), pH 8.2 21,0 21.0 22.7 §

CEC " * pH 7.0

Exch. Ca(me/100g) 11.9 12.5 12.5

" Mg " 3.0 3.9 3.2

K " 1.2 1.3 1.2

T N " 0.9 0.8 0.8

Sum of cations 17,0 118,5 17.7

Base sat. &, pH 8.2 81 88 78

" * &, pH 7.0

ESP at pH 8.2 4. 4 4

Texture (limited pretreatment)

Gravel & (>2,0xm) ,

Sand % (2.0-0.05mm) 40 38 P36

silt ¢ (0.05-0.002mm) 30 32 36

Clay & (0.002-Omm) 30 30 r 23 B ﬁ{

Texture class ~CL ér‘““ © 25 o

Fertility aspects - 30 cn; h L&E.x.sratory no. 11379 /80
General Aviilable nutrients

PH-H,0 (1:1  v/v) 8.5 | Na/me/100g) | 0-29  ; mn ..=/100g) 1.42
Exch. acidity (me/100g) - K " 0.80 P (ppum) 14
Cs 1 0.35 | ca " 5.9 P-Olsen (ppm)

N % 0.03 | Mg " 2.6

Remarks:




Profile description no. 12

Observation no./date
Unit

Soil clessification
Beological zone
Geological formation
Local petrography
Physiography

Relief macro

Relief meso, micro

Vegetation/land use
Erosion

Slope gradient

Surface toniness/rockiness

Salinity/alkalinity
Surface sealing
Effective soil depth

Internal drainage

C1 0-30

C 30-70cm

.o

118/2-133 of 21/10/80

YCh

entric FLIVISOL

ITI

Aluviun

Alluvium derived from pyroclastic rocks
Badlands of the volcanic plain

Gently undulating

Few active termite mounds, 10m high and
2-5m wice; steep, rounded crosion remnenits of
about 10m height and 20m width
Bushland under fame reserve

Severe sheet and pully erosion

35

fairly stony

Nil

Nil

110cm

lell drained

Dark brotm (10YR 5/4 dry, 10YR 3/3 moist); clay

loam; weak, fine, medium and coarse subangular

blocky structure; hard when dry, firm when

moist, sticky and plastic when -ret; common,

fine pores: few krotovinas; many fine roots;

clear and smooth transition to:

(sample no. 118/2-133a)

Dark yellowish brown (10YR 5/4 dry, 10YR 3/4

moist); clay loam; hard when dry, firm when

moist, sticky and plastic when wet; weak, medium

and coarse subangular blocky structure; many,

very fine to fine pores; few, fine roots; clear

and smooth transition tos

(sample no. 118/2-133b)

..+/83




- a3 -

c 70-110cm Dark yellowish browm.{10YR-5/6dry, 10YR 3/6
T moist): clay loam; weak, fine, medium and coarse

anrular blocky structure; slightly hard when dry,

friable when moist, sticky and plastic when wet;

few, very fine roots:

(sample no. 113/2-133c)

Remark 1. PFew calcium carbonate concretions on the
L 3

surface

2. llany mansanese concretions of 2-3mm in diameter
throughout the profile

3. The profile has several thin layers of gravel
and sand (stratifieation) which cannot be
separated.
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Ratin; of land qualities and suitability class:fication of the individual soil wapping units for lar;e scale
livestock farain: (Advanced technolosy)

Appendix s

Mavping {"Clinate f , ° ° LAND QUALITIES _° . ° : ) )
unit r/Eo Soil (Chemical Resistance | hazard/ |Posibi- |MNutri- {Presence | TreadiqHind- |{Suita- Limitat.ons
mois- gsoil to erosion | presen- | lity of | tional jof over- | bility |rance |bility
ture f{fertility coe of mechani- | value srazing ) her class
sto~ vater sation of yvare- {for live-
race logri-- vere~ tati~ {stock
capa~- ng tati- on faraing
city on e o
1 Yr zone 1 3 2 1 1 1 0 - 0 1.1 Highly ¢ moderate soil
ITI suita- chemical fertiliily
ble - dderate res-stan-
. ce to erosion
2 Yvp | zone 3 3 2 1 1 1 0 - 0 1 1 Hizhly § slight hindrance
ITI to suitable | hy vegetation
1 2 to wmodex |- moderate chenical
rately soil fert lity
suit< " | moderate soil
able noigture storage
capacity
- woderate resista-
nce to eros.on
3 Ybp | zone 3 3 2 1-2 2 4 0 - 1.2 lodera-~ {-wderate res .stance
IIT tely to erossion
suita~ {-10derate 851 adis-
ble ture storase cana-
| . oty o
4 Pbp | zone 3 3 2 1 1 1 0 - 3 1.1 I hly ¢-noderate soil m3is
11T sui ta- ture storare cana-~
to ble to city
1.2 modera— (-noderate 8:°1 che-
tely n.cal fert'lity
suita~ {-adderate res.stoa-
tle nce to erossion
-moderate hindrance
by veretation
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Appendix i

livestock farmins (Advanced technolosy)

Rating of land qualities and suitability classification of the individual soil mapping

units for large scale

LoD QUALITIES

LAND QUALITIES

Soil
mnoisg--
ture
sto-
rage
capa-
city

wmmmum\
presen—
ce of
water
lopri-
nge

Resistance
to erosion

Chemical
soil
fertility

Mapping [lizate.
unit r/Ko

Possi-~
bility of,
mechani~-
sation

Mutri
tional

valu
of
vere—
tati~
on

[}

Presence
of over-
grazing

_H.H.mm.&lm
bility

Hind-
rance
by
vegfe~

tati~}

on

Suita~
bility
class

for live~
stock
farming

imitations

11. Bp | zone 3 | 2 2 3

IIT

1.2 Moderate~

ly
suitable

moderate soil
moisture sto-
rage capacity

- moderate

workability

~ moderate haza-

rd of water-
logzing

- moderate

treadibility

zZone
III

12. VICE

oo
[\V]
A S
—

2. Unsuitabtle

lo7 soil
moisture sto-
rare capacity
very slicht
resistance to
erosion

very poor
workability,"
high hindran-
ce by vegeta-
tion

very severe
overgrazing,
poor grass
cover

% o Suitable rating system has been ceveloped yet.

e



T O o L SEMI-DETAILED SOIL MAP OF KELELWA FARM ( NAKURU DISTRICT) L. o 457726/
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Printed by Survey of Kenya P.O, Box 30046 Nairobi SCALE I '0.000 : Base map compiled from the topo map scale 1:5,000 of the

soil conservation section of the Land and Farm Management
LEGEND Q_WE:‘?W_:JO—_:_:—:I:O{OGW e e T
KEY TO SLOPE CLASSES TEXTURAL CLASSES N e
Y PIEDMONT PLAINS (siopes 2~ 6%) P3p - well drained to moderately well drained, deep, dark yellow- slope class 100 5\)??:' S h
' ish brown to greyish brown, friable to firm, clay loamtoclay; slope % symbol* name of the macrorelief . | *x, ETHIOPIA R
Yr - well drained, very deep, dark reddish brown, friable clay with many calcium carbornate concretions on the surface ‘-*‘ Rl e -2
{ chromic* ACRISOLS ) (moltic ANDOSOLS) [ [ .. v, ‘ i
B i A . e & " 0-2 A flat to very gently undulating € s :
well drained, deep, dark brown to dark yellowish brown rBialy wall drainegd; Goafl, gark yellowish Qown 1o . b i a1 :
Ybp - firm, sandy c'ray to clay % i Pap greyish brown, firm (compact),clay loam to*clay 25 B gently undulating = 1 '
(eutric CAMBISOLS and orthic LUVISOLS) ( vertic LUVISOLS, orthic LUVISOLS and eutric CAMBISOLS ) 58 ¢ undulating g KENY A o
x e 4
moderately well drained, moderately deep to deep, dark : s \/::P
Ybp - brown to yellowish brown, firm (compact), non—calcareous MINOR VALLEYS (slopes 2-3%) KEY TO DEPTH CLASSES el IE
to strongly calcareous, sandy clay loam to clay, overlying ; . f'“‘h"\ .
pyroclastic gravel cemented by calciumcarbonate;in places vC SRR e of wefl chuios o sy ions s SCRineH Shatiow thick symbol * 2
shallow over petroplinthite (murram) D T . T i e ; : 3
P F; vertic LUVISOLS and eutric CAMBISOLS ) friable to firm, gravelly, clay loam to clay (levelled areas) soil in cm | over rock | over murram 7 "
e (eutric CAMBISOLS ) M s
0-25 R very shallow ¥
P VOLCANIC PLAINS (slopes less than 6%) B BOTTOMLANDS (slopes 0-2%) e v g
Pb - well drained , deep, dark brown to yellowish brown, firm, imperfectly drained to poorly drained, deep, dark brown to : Gk
p sandy elay loam to clay (orthic LUWISOLS) Bp - very dark greyish brown, mottied,firm tovery firm,clay loam 50- 80 ERRE moderately deep 3 o :
i M e ; to clay (plinthic GLEYSOLS) e e SR ey
welldrained, moderately deep to deep, dark reddish brown A i = | ocation of surveyed area Ty
Prp _ to yellowish red, friable clay, over pisoplinthite R aeqp percent sand ¥ &
( chromic LUVISOLS and eutric CAMBISOLS, pisoferric phase ) W BADLANDS more than very deep
complex of well drained to moderafely well drained, very 120
PIM - well drained, very shallow to moderately deep, dark yellow- WCE - shallow to deep, yellowish brown to dark yellowish brown, + it a complex of depth classes occurs within one unit, only. Soil S d M ’ ; KEY
ish brown to yellowish brown, friable, sandy clay loam to firm (compact), clay loam to sandy clay: with severe gully the symbol of the shaliowest depth class is indicated Sl v i s PUNE B soil mapping symbol fence
sandy clay,over petraplinthite or pyroclastic rocks and sheet erosion i p : st iGNy | < L Bl i
LAt CRMBIEOES Rl olenic EHIIS SO LI THOEOLEOE N o = 0 L T e T T T R e e U e el U, B R et N Pt i L iR M ST S L i T Ol T SR SRR ar“ d'T wgch”; i b Pobp.--depth class symbol ~~_sterrace
All soils are developed on pyroclastic rocks and sediments i . E:’.......‘.......slape class symbol - pipe line
well drained, very shallow to moderately deep, dark red— e g S derived from pyroclastic rocks. The descriptions denote the soil correlation ......... D.0. Michieka ; " ;
P2P dish brown to strong brown, firm, rocky, bouldery and stony, ;f;zrrljair:eiobte;;me?:nAg?[mEhseéeg {Ef;i(g fg:et;:'e.':'stgi'f“;:“ ‘;Ia;s'f\'ﬁat'?;l characteristics of the subsoil (usually the B—horizon ) , i ~ soil boundary ———>—drainage line
sandy clay loam to clay loam o : €9 HE- o1 IARa ke Db above 100cm depth. Where the topsoil and/or the deeper map compilation........ D.0. Michieka ~—— slope classboundary ¢ water tank
Gy : prefixes marked with * are tentative terms, awaiting international agree- subsoil differ(s) from this subsoil by two or more textural . ai d O
(eutric CAMBISOLS, partly lithic phase and LITHOSOLS ) ment on nomenclature : map correlation ........ B.J. A. van der Pouw R 98 E dam
classes, they are also described
_ e ToRd WH® water hole
cdrtography ........... ... D.M.Olulo, L.Mikisi ;
= building . augerhole

K profile pit
118/2—-127 with number

Drawing No. 81008
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