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FOREWORD

| The present report is the twelfth in the Kenya Soil Survey series of
Reconnaissance Soil Surveys" with multi-purpose land evaluation. The
companying soil map is at scale of 1:250,000.

|
f This particular soil survey was carried out within the context of the
Ftegrated Project on Arid Lands (IPAL), which is part of the Man and the
josphere (MAB) programme of UNESCO. The survey area, situated in one of the
riest zones of the country, is considered representative for one of the greatest
1obal environmental problems, namely desertification, which leads to the
gradation of the vegetation and the soil with negative consequences for human
ell-being.
' The report gives an ample description of the methods employed and a
omprehensive account on the suitability of the area for the possible land use
lternatives. However, it should be noted that some of the methods applied are
jable to be improved as more experience is gained and complementary data become
vailable.
|
The preparation of the maps and the report is a cooperative effort
etween the staff of the Kenya Soil Survey and the Integrated Project on Arid
ands of UNESCO. This may be already apparent from the names figuring on the
arious maps and appendices. The contributions made and help rendered by various
eople during this investigation are greatly acknowledged.

| Finally, it is hoped that this report will satisfy the need for
‘nformation on the soils of the Mt. Kulal-Marsabit area and that it will
iontribute to the rehabilitation of the degraded environment for the benefit of
;he people and the development of the area.

_ F.N. Muchena
Jovember, 1986 Head, Kenya Soil Survey
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SUMMARY

This report describes the soils of the Mt. Kulal-Marsabit area in

thern Kenya. The accompanying soil map at scale 1:250,000 covers an area of

roximately 1.5 million ha. The survey area is bordered by 2° and 3° N

Mli tude in the north and the south respectively, and 37° E longitude and the
reline of Lake Turkana in the west and 38° E longitude in the east. A small

ension to the south is also included.

The survey area covers the majority of the Rendille territory, while
he extreme north some Gabra are living. The major land use is nomadic to
-nomadic pastoralism with cattle, sheep and goats. The mountainous fringes
he south and southwest are occupied by a small number of cattle keeping
puru and Boran. Agriculture is limited to some small areas on Mt. Kulal and
Marsabit. p

The climate is hot and dry to very dry in most of the area. Average
al rainfall is about 225mm in the lowland plains. The mountains get more
ipitation increasing to 850mm on the top of Mt. Marsabit. About 90% of the
ey area belongs to agro-climatic zone VII. The remaining parts fall under
es VI to III with decreasing extension. Rainfall distribution is bimodal.
long rains from March/April to May are more reliable than the short rains
Dctober and November. The probability that rainfall in the lowlands is less
two-third of the potential evapotranspiration during the rainy season is
t 100%.

In the southwest the area is underlain by Precambrian Basement
tem rocks, mainly undifferentiated gneisses which outcrop in the Ndoto
tains. Prevolcanic sedimentary rocks occur in the northeast. The shield
anoes of Mt. Marsabit, Mt. Kulal and the Asie hills are formed by Miocene
Holocene volcanic rocks. They consist of lava and pyroclastics and are
ounded.by extensive basalt plateaus. The lowlands of the central area
ain sediments derived from the Basement System rocks mixed with sediments
n.volcanic origin.

The topography of the area is characterised by extensive, very gently
lating plains lying in between the volcanic mountains in the east and the
and Basement System rock mountains in the southeast. Stepped lava plateaus
r around Mt.Marsabit and west of Mt. Kulal. Small patches of uplands
5t on the flanks of the major volcanoces. 1In the north-central part of the
ins the monotonous flat relief is interrupted by minor basalt plateaus. In
southern plains isolated hills of Easement System rocks occur besides a

pe lava plateau. Also some gently undulating uplands with a low relief
ensity can be found here. &

Seasonal rivers drain mainly the Basement System mountains as hardly
surface flow exists on the very permeable volcanic rocks. Drainage is
pcted towards the northeast where ultimately all surface flow is collected in
closed basin of the Chalbi desert, a seasonal lake. As the water evaporates
s accumulate over the years creating a salt desert.

Parent material and landform have determined to a large extent the
ribution of the soils, Mountains and hills of Basement System rocks have
low and stony soils (Lithosols). However, relics of deeper, friable sandy

loam soils exist on the tops of the Ndoto mountains (Luvisols).



The volcanic mountains have an array of soils. Deep friable clay
humic topsoil have developed on the upper wetter slopes of Mt, Mary
(Phaeozems), while the other volcanic mountain tops have shalley,
stony soils (Cambisols). The southern middle and lower
have deep, stony clay to clay loam soils (Cambisols/Luvisols),
lower slopes of Mt. Kulal and the Asie hills shallow to deep, stoy
loam to clay soils are found (Phaeozems /ambisols). On the drier
of Mt. Kulal the organic matter content of the topsoil decreases

here shallow to moderately deep, stony, sandy loam to sandy clay
developed (Xerosols).

The soils of all the lower areas are charaterised by i1
organic matter content and a faint horizon differentiation. oOn ti
plateaus soil depth varies from shallow to very deep. The soil :
from loamy sand to clay and in general the soils are very stony vit.
exceedingly stony/bouldery surface (Regosols, Cambisols and ¥ :
a sandcover varying in thickness from a few mm to 100cm occurs on
Moderately deep, stony, cracking clay soils have developed on some
plateaus of Mt. Marsabit (Vertisols). The stepped plateaus on the
side of Mt. Kulal have moderately to very deep, saline-sodic, clay
soils with an exceedingly bouldary surface (Solonetz/Solonchaks). |

On the footslopes around the Basement System mountains
moderately deep to very deep, friable, loamy sand to sandy clay lo
developed (Arenosols/Yermosols), The footslopes of the volcani¢
carry shallow to deep, friable sandy loam to stony clay soils (Ye
and strongly saline-sodic sandy clay loam soils (Solonchaks). Pi
around Mt. Kulal have soils that consist of deep to very deep, very
very stony, saline-sodic sandy loam to sandy clay loam (Yermosols|

On the sedimentary plains the soil texture changes gr
pPre-dominantly sandy to more clayey in a northeastern direction whi
and sodicity increase. In the south very deep sandy soils occur

clay loam soils (Arenosols/Yermosols) . In the west-central plains
soils disappear and sodicity and salini

further to the northeast friable,

saline and sodic characteristics (Solonetz). The Chalbi desert, ¥
part of the plains,

has very deep, strongly saline and sodic clay
(Solonchaks) . |

Soils of the alluvial plains are very deep and consist ¢

sandy material (Fluvisols), or saline-sodic clay loam to clay (!
Vertisol a/Solonchaks) v

Chalbi desert have very deep, IM'J
ic lake deposits.

Dunes bordering the

(Arenosols) overlying saline-sod

The soil fertility ig ¢ for nitﬂ’g”J.
low in lowland soils and o T i, escept m;

B Somewhat better in the mountain soils.
pPhosphorus is fairly low in soils with volcanic ash influence.

The current suitabi lity

14
for ies per
Highly suitable £ pastoralism var

Or camels and cattle are the southern sedimentary
of the survey area), while for sheep and goats parts of the highi
the higher stepped Plateaus and the footridges around Mt. Marsabl

the floodplaing (5% of the Survey area) possess this suitability: |



Moderately suitable land for camels and cattle occurs in the
northern sedimentary plains (8%) , while for the latter species also the tops
of Mt. Kulal and Mt. Marsabit, the stepped plateaus around Mt. Marsabit and
some floodplains can be included (32%). For sheep and goats more or less the
same areas as for cattle have also a moderate suitability, while parts of the
footridges and the dunes can be included too (34%). The rest of the area has
currently a marginal to submarginal suitability for any form of pastoralism.

The potential suitability for pastoralism gives a different picture.
As highly suitable areas are considered to be parts of the high level uplands,
the lava plateaus in south, the footridges of Mt. Marsabit and the middle
footridges of Mt. Kulal, parts of the footslopes around the Ndoto mountains and
parts of the floodplains (altogether 4%). Moderately suitable areas are parts
of the volcanic mountains, of the uplands, the upper and lower footridges and
the footslopes around Mt, Kulal, parts of the footslopes in the Basement area,
the southern sedimentary plains and two-third of the floodplains (25%).
Marginally suitable is 30% of the survey area while the remainder is sub-
marginally suitable. The only area which is currently and potentially unsuitable
for this kind of land use is the Chalbi desert.

Suitability of the survey area for arable forms of land use is
limited to the small upland areas on Mt. Marsabit and Mt. Kulal where some form
of agriculture is possible. The forests on the mountain tops should be
conserved as water catchment or game conservation areas.
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1. THE ENVIRONMENT

14
.y

1;@::0!0, ADMINISTRATION, COMMUNICATION AND POPULATION

The Mount Kulal-Marsabit survey area, which cgvers 15 360 sq okm
the north of the republic of Kenya between 2° and 3°N and 37°
.ﬂ (see figure 1). The survey area is extended to the south.

the Baio mountain (1885m) and in the north-west towards the
r.une of Lake Turkana, y

: ._'lhl area covers the 1:100,000 topographical sheets 42, 43, 54 and
ompletely and partly the sheets 41, 66 and 67.

__In the south-west the survey area borders on the Ndoto mountains
BM, in the west on an outlier Ol Doinyo Mara (2224m) and upon Lake
nla, In the north-west a volcanic mountain, Mount Kulal (2295m)
':_dilt.i.ncf. landmark. In the east another volcanic mountain, Mount
it which rises to over 1700m forms the boundary of the survey area.
botuun the mountains lies an extensive plain at an altitude between

O and 700m above sea level.

e ‘lhc survey area is located in Eastern Province, ‘Marsabit Dist:;ict
l mll part in the south-west in Rift Valley Province, E‘;a.ml:nu':tfxﬁm‘s
The main administrative centre is Marsabit, withj.f—,hergv;dea
District Commissioner and District Officers. msazol ige post
important facilities for the area like a hoSPital;‘t:e

,q goaf office. It is also an important trading ce

@V‘Y area comprises three National Forest Reserves: |

r gazetted.

4 neve
Iulal Forest Reserve of 45,000 ha, which were programme, SO

wever declared a Biosphere Reserve under Unesco's MAB
far no forest guards have been deployed. -
: e forest on
The Marsabit National Reserye covers 202.00;01!::; r.-o"-lY h
tm of the mountain receives special protection

. e utside the
The. Ndoto Forest Reserve of 96, 000 h.a, almost entirely o

£ the
70's over-use O
Survey area, was gazetted in 1956. n the igof the vnegstat'-i.on and

Orest has resulted in a considerable B
%Fuﬂ- More control from wmbu is envisagel

a

: im_:f:f -"-1 ) oy

...... ain :%gavh}ghf.f B

m‘ﬁu Isiolo—uarnbit-—uoyale m anl ;ll-weather road, but
SSes the survey area. Itistuppﬂﬂ t°b° her roads

. m ; g
sionally be impassable during wet Pl'r"".d'_ oA “"mt.d .
are of a much lower quality. -0  ~ . jenced dur _
roads, severe difficulties can 56 =




diet is milk from camels or cattle, often mixed with blool,_'
of small stock. Some Turkana and Elmolo people are living.
shore of Lake Turkana. The Turkana supplement their milk an

with fish while the Elmolo almost entirely rely on fish.

Lusigi (198l1) studied the Rendille in detail and st
about them has been drawn from this study. The Rendille
pastoralists mainly dependent on the camel for their 14
other tribes in the study area the Rendille have been _
pressures on their territory. They were pushed southwards |
tions of the Gabra and Boran, while Turkana expansion '
from the west and Somali and other Boran from the east. :
before the annexation of their territory, exerted pressure
It is now estimated that the Rendille in total occupy only
of a former home range of about 58,000 sq. km, Of their g @
over 40% is not utilised due to poor security and the fear 0
neighbouring Turkana and Samburu. From the 1979 census, th

number approximately 13,000 which means they have doubled in
years. 3

» which have come about

€ People have be
ety I e e o e
e et - g
increasingly usea, .Y Paize meal. Sugar and tohaces are

The emotional at
difficult for them to s:;

Stocking. The main causel e partly explains the pnmt'-_ .

consequence the increaseq Number of Gn:m:?:rOGSQd popula f

onal
Ons of the e ersfaCtices The sociaty "%-':
.
¥ -
1.2.1 % :;.
Marsabj ¢
which hag been r}.}:s the on1y met

e} €orol ica =
For Comparison Othe:dinq data oyey °9ical station in the

a long periog (f 1918
€ not too £, outside tp o
ar), T tTom th

© area with longten




Fig. 2 Distribution of raingauges
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- = . lrack
—=w river
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Scale 1:1,000,000
L] 10 20 30 40 km
k A L 1 o e
1 ey
I7°00°E - (source: Bake. 1983)
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& storage raingauge
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ingauges p
the survey area (see fig. 2). The ra 1
xouug;l:':tmisaiona and police posts are read dniticw:.‘l::h.r_ .

are read once a month. In 1976 an automa »
g;:g:; in Gatab which was in 1977 shifted to North Horr o
gurvey area) and is since 1981 working in Korr. 1In 0:;;;“,
Kulal, an automatic weather station was installed in . i

1.2.2 Rainfall pattern

The annual rainfall in the survey area shows clearly .
pattern. The main wet season normally starts in March/Ap:
until May and the short rains start in October /November Iﬁdj :
two months. Mt. Marsabit receives more than B80Omm per year o
which is the highest for the study area. As a -upph-ntln__‘
water on the mountain tops, mainly Mt., Marsabit and Mt. Ku Al
outcombing of clouds and fogs. All the other places in
less rain. The mean annual rainfall for the plains is around |
|

An important Characteristic of the rainfall i{in the are

high variability. algo the variation in spatial distribution
Generally speaking, there is a clear relati "

tude, the higher pPlaces receiving the highest amount.

Table 1, ;!;:J;)annual rainfall ang deviation from the mean
raji
Station Period of no. of -*_&%3;(31_“
record Years %
-__'-“_

s T mean max. min,
North Hopy 1959-1g; e ——

22 159
Moyale 6t 385
Marsab s 2 713 1290 387 33,9
Lodwar 3 859 1816 3

4 32.7
1919-+

51 2 178 498 4 51.0
Notes: + the me

an devj :
the yearg tha:ti:;ln;:?; average annual rainf. 1 3
was above average. i

5 .2
1915-1g; "

1918-1g;

= t:.ha M&n devia E-
tion f o
the years that r,,inf:?; iﬁ: ;:;::ge annual ruaflﬂ
The deyq average.
Compareq, i¢ 1sﬁ§il:ns from the mean g
decreage 4, rainfalir that the dev;tatire i dgh. 1f e
Unreliabilyey, o e thatoge:rcm -
as “11.

‘3

ides a lower r

ar,
Marsahit,) or o than 354 in t:e"ery high ang

reach coeffi
ineg the

00 ( Seasgon a :
9enera) 9i) in and still more
limatological pto;l::m:ni’ wettegt
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rainfall (mm)
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Fig. 3 Mean monthly raintall

220

yearly mean: B59 mm

8
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{a) Marsabit (over 50 years of observations)

yearly mean: 264 mm
804
604
40- ——
20
» A s o ND
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(6) Fallam . west of Kargi ( 5 years of observations)
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highly uncertain how much rain will fall in the next we :
has of course a big influence on the way of life of th
They can only follow the rains. tE %

1.2.3 Rainfall probabilities

In table 2 the probabilities of the annual rain
periods as well as the monthly rainfall probabilities
Marsabit. The calculation of the probabilities is based
rainfall data. The return period indicates that once in |
years a certain specified amount of rainfall can be expec

Table 2. Rainfall probabilities and return periods at
Bake, 1983)

ol

(a) Annual rainfall probabilities (median 77 7mm/year)

rainfall (mm) probability (%) return §
300 - 400 5.7
401 - 500 1.9
501 - 600 16.7
60L - 700 9.3
#9%:~/800 18.5
901 900 9.3
901 - 1000 -
1001 - 1100 13.0
1101 - 1200 5 5
1201 - 1300 5.5

>1300

Probabilities
W
<25mm K 9 J A 8
- 6 - 8 . 3 3
>5mn 3 1 3 .9 .8 .8 '.-'. Y
- ® . 4 -_‘
>1(X)m P : .9 6 o o ) o
>2% » - 2 . 8 1 4 O ¥ .'
0 . o )
° .4
- = 1 0
Tainfal) (
mm) 35 & g
Sverage 09 75 7 7
rainfal) (mm) 1g 7

19
B2 o 7 16 18
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It can be seen from table 2 that, even for a wet station, the
probabilities for a monthly rainfall of over 50mm, which can be regarded
as necessary for a minimal plant growth, are low.

The lowlands receive substantially less rain than the Marsabit area.
However no data from a station with long-term observations are available.
The distribution pattern of the rainfall in the lowlands is comparable to
that of Marsabit. As the mean annual rainfall of the lowlands is about
one-third of that of Marsabit it is assumed that in this way also the
probabilities of the monthly rainfall for the lowlands can be calculated.
They are shown in table 3.

Table 3. Monthly rainfall probabilities for the lowlands (Marsabit/3,
Median: 259mm/y) after ILCA (1979)

rainfall gy A ) AP TRE ey L g Ebail ¥suY
<25mm .G 6 L @ 1 WA Sl it gt g
>50mm by a7 o o} T s SO AR e ]
>100mm o o o .3 0 o 0 a,. 0. . 0 =3
>200mm o o o o o o Ot @l 1 ar0
e 2 2 34 39 16

rainfall (mm) 6 1 14 70 23 1 2

from table 3 that a probability of a

i 0.7) and
monthly rainfall over 50mm is very low and is highest :iénoizii ( :.n o
in November (0.4). The probabilities for a ratnﬁ;lljl_.zomnths. OOmm
certain month are zero or almost zero in 1l ou

Again it follows very clear

1.2.4 Temperature, wind and evaporation

9)
gwards et al. (197
Information about temperatiit ikt io:rznd for the tropics.
and Bake (1983). The temperatures follow & 987CFE0, By 1oylands the
Diurnal changas.are greater than the annual ones- mountains they

o ile ip the 1
om 27-29 C, wh ¢ respectively,

mean monthly temperatures vary fr ma lie around 20 and 13 st are relati-
vary between 17-20 C. The mean min 4 26°C. July and Augd

d as
oot s o ismmpeen g RroumEt 315433:22 and October can pe considere
vely cool months, while February:
re S.

latively warm month ey direction. Windspeeds
an

ained £

The winds are mainly coming from

over 4m/s are common. igh. The

is very high-.
is part of the oc"'mtrytj.ons: as the survey area
The evaporation in th imilar condi £ Bo vary be
measured evaporation in a i calculated figﬂr:ﬁgowoodhead's m
e 0 T wns (iewisitols 2
- ' & r

(Woodhead, 1968) . r requirement
; published) the crop Water = wever, on

tween 1,800
ethodology

nthﬁ.
Based on Braun's tables :,:gs rainfall in alivl:?mre rainfall than
(Et=2/3 Eo) in the lowlands exc and November recedata on EO, and *
Mt. Marsabit April, May, OCtODST L. i monthlY

the crop water requirement.
are given in table 4.
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' . tran
1 ration (Fo), evapo
hl tential evap? .
AR gg?;faglp‘;rj in Marsabit (in mm)

gUREL N A M J J A [ :‘ N i
Eo 145 145 164 145 145 145 164 164 1&4 103 . I___
Et 96 96 108 96 96 96 108 108 108 1 e
r 38 19 78 225 98 7 16 18 13 12 54

It is assumed that similar values will be roached on Mt.
Ndoto mountains.

1.2.5 The agro-climatic zones

The agro-climatic zone concept, formerly cai.l.:u :
was used already in 1966 by Pratt et al. but then t "

the vegetation. The agro-climatic zones as used by :l::
are based on an index of the rainfall and the potent
Braun, "The agro-climatic zone map of Kenya" in: Bm

The mean annual ra
figures for the

climatic zZones,

infall fiqures are used in co
potential eévaporation to define and to @

+  Agro-clima tic zones

W

T (mm) Eo (mm)
ik . Sl —
FIY 50-55 900-960 1750-1800
v 40-50 750-900 1800-1880
v 25-40 525-750 1880-2095
VI 15-25 320-525 2095-2150
VII <15

in mm (Weo
i g
Braun (19g7) ni;ion of the 29ro-climatjc zones follow those
author Vig exception S made £, Zone II1I which was ¢
Value of b an r/go ratio of 50-65_ In the surwéy! e
limit oy Zone 11y reacheq ang therefore 554 wag chose
actual p, ¢

€ Valueg fo
ASureme r
lowe st nts i

e flelg € mean annual
- and z
annual raj
from Loya alang % nfajly

fe characteristic £
rai nd is 15 figure (baseq on 5 years of obse
sas g 15 pr iy € r¥/Eo ratio for this pla
:gcordi altituge :::nt v, ) 2 4 agro-climatic zone,
Telateq ¢ the :Ul&ted figures for delineate the d:l_._

e Potential
The fiqur

€S for the rai
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.Iapor;;:L::, qi\rmn in table 5, correspond well with the range of data
ven aun for t :
:.nya' r the 1982 1:1,000,000 agro-climatic zone map of

The inclusion of temperature zones in the agro-climatic zone map
does not seem to be very relevant for the survey area. More than B80% of
;';3 mlzgaéijll 1-‘;1:0 e; zone with high temperatures (average annual between

. e lowest mean annual temperatures i
palt: : pe are around 19 C on the

There does not exist a straightforward relationship between the
agro-climatic zones and the vegetation, but some relations are present.
Zone III and IV are mainly occupied by evergreen forest with Cassipourea
malosana as the dominating species. On Mt.Kulal, Juniperus procera also
occurs. The lower limits of zone IV have evergreen to semi-deciduous bush-
land, Zone V is occupied by a range of vegetation types: from deciduous
woodland, via deciduous bushland to deciduous shrubland. Zones VI and VII
are primarily covered with deciduous dwarf-shrubland, dominated by Indigo-
fera spinosa and Duosperma eremophilum. In places shrubs dominate (Acacia
reficiens, A. mellifera and Commiphora species) in other places mainly
annual grasses are present (Aristida mutabilis).

1.3 GEOLOGY

The geology of this part of the country has not been systematically
mapped and is therefore only partially known. Geological surveys were
carried out west and south-east of the area respectively in the South Horr
region (Dodson, 1963) and in the Laisamis area (Randel, 1970). Important
information on the geology of the Mt. Kulal-Marsabit area was given l::ytri
Missotten (pers. comm.) a Unesco geologist, who made a'reconnaissa:;:;r P
to the survey area in 1983. Some information was obtained from ea

nnai hs, 1939
8 made around Lake Turkana (Fuchs,
. B, 15707 ot 0w s hed report by Baker (1970) . The

and Rhemtulla, 1970) and from an unpublis Mo
author's ﬂ,glé observations completed the information (see also fig. 4)

t and
Two formations can be distinguished: the precambrian Basemen

the Cainozoic cover.

Precambrian Basement
rvey area and
The Precambrian Basement System xocks merl;:;bzzzems:s b:sicallY
crop out in the south and the south-west. thlP;:izyo Mara in the west and
conf ranges of Ndoto an er relief
to t;:egmtzli:q:p::ﬁi?md I‘];.im. other outcrops but WSS
occur in the Korr and Elgess areas. =X
" and repres
vpasement System litic
The amb rocks belong to the elitic and pe
SR areous, psammitic, st sediments into

a metamorphosed sequence of calc ed the calcareous d
rocks, amo cesses transform tinuous bands, an
R Rt it s occurring in dase nant part of this

white to pale blue calcareous rock ks. The domi 2

coarse textured, magnetite rich grephe s ro: ses derived from the semi

ookl ' onsists of piotite gneis : rnblende gneiss and
rphic sequence C um Was available ho piotite gneiss.

Pelitic rocks. Where more calci e
garnet epidote-amphibole gneisses b 4 fomedeisses were formed in 1'-1":#.'.::.1.6
s rained, granitoid 9% These massive gran
wm:zito s oy fgthe Psmitj‘c petliarsy rphic sequence and form
missa:a:izthirz::BrZsistant rocks in the metamd
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Fig. 4 Provisional geology
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prominent physiographic features. Near Bai .
- O porphyritic grani
out while garnet rich pyroxenites occur south olfrpl(gr iy -sel i

Cainozoic cover

During the Paleozoic and Mesosoic era erosion and peneplanation
took place periodically and this continued upto the early Tertiary. The
onset of an important volcanic activity in Miocene times changed the physio-
graphy dramatically.

Near Maikona in the north, and near Kargi situated at the eastern
border of the Koroli desert, pre-volcanic sediments are found. These pre-
Miocene or Miocene sediments, found south of Maikona, consist of reddish
quartzitic sandstones with intercalated conglomeratic layers. They are
overlain by basaltic flows. The horizontally-bedded sediments near Kargi
were studied in cliff faces with a maximum height of 70m. These sediments
consist of well-bedded ferrugineous arkosic sandstones which show graded
and crossed bedding. Interlayered in the sandstones, highly calcareous
quartsofeldspatic grit horizons were observed. The irregular distribution
of the sediment occurrences indicates a deltaic deposition environment or
deposition as valley infilling. Several sediments occurrences with similar
characteristics and a comparable stratigraphic position were reported west
of Lake Turkana and were described as Turkana grits (Rhemtulla, 1970). The
Maikona and Kargi sediments can therefore tentatively also be referred to

as Turkana grits.

Volcanic activity is a dominant element in the geologic develop-

ments in theMarsabit area from the Miocene to the Holocene PeriOd'de as the
Detailed age differentiations of the individual flows cannot fe :: ing was
volcanic activity is mainly basaltic and no systematic geologic mapp

; fferent
carried out. Nevertheless an attempt is made to distinguish two differ
phases.

mall
In an initial phase, basaltic extrusions 500 iiszuzzsvg?gaiic acti-

vents formed lava plateaus. The extrusions of this S agassive basaltic
vity are almost devoid of pyroclastic intercalations'bit Kulal and Asie.
blateaus form large aprons at the foot of Mount Porll . o in the sedimen-

Near Kargi, several small jsolated lava plateau occuri large plateaus
tary plain are the only remnants of one or tWo f:gf;:nz. often the plateau
broken up by erosion during the pliocene or Ple eathering of lava

from in situ ¥
surface consists of boulders who origizazzi o were found as well. In the

flows but locally well-preserved basa o to 50m above the
south-west near ilaut, la: large massive lava P]-:;eigmrg:ck and rest in
Korante plain. Individual basalt f10WC Mg rocks. Locally roasted
w1 Cont.act with the Precambrian Basant SYSt;Ta.ut plateau might be
sedinentaiahd goll £ragemnts VAT oo Tlc;issected and hardly affected

er than the Kargi plateaus as it is less
S ity is
lopme the volcanic a;ti:l :'n .
e deve = i
o ez g 're-—existing

The second phase in L ¥
e
Y e Eaation of the = developed gves t:;; 1;xpdi.os::icm craters

Marsabit, These multicenter volcanoes Faesth
Plateau lavas and have characteristic parasitic gashion as th
on their flancs. They form basaltic ranges

1 to the
erupted along zones of crustal weakness paralle
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Violent phreatic explosions on the volcano flancs .
spherical depressions called maars. Near the shield volcan 2
scoria, ash and spatter cones occur. Pyroclastic ejec
greater volume than in the plateau basalts and consist of
and lapilli tuffs. Almond or fusiform-shaped bombs or b
shrinkage cracks can be distinguished.

The sedimentary basins in the survey area contain
from Precambrian Basement System rocks mixed with sediments
the erosion of Caenozoic volcanic material. According to the
resistivity measurements carried out by Borgeson (1983), the
cover over the bedrock varies in thickness from 30m at the pe
than 200m in the centre of the basin. The sediments are poof
have a coarse sandy character (arenaceous) in the wostern
of the area and are more argillaceous towards the east and
Although quartz is the dominant mineral, feldspars and

well. Only in the eastern parts of the sedimentary plains w
were observed in field tests.
Sven Highly calcareous, lacustrine sediments are found 4
o :rea. The sediments are silty, clayey and highly :

S of lacustrine sediments are also found near Ilaut M
Balesa Kulal). fhe fossil .

dforms
and yq i € a resy)t
C actj of 1
i1 vitie 9eologica) ike
B C %6 hig rd qeomrphologicalp;:cesses' ‘]l:m
g d nditiong ong j £ uence Ocesses
v low, which o : which Prevaj) i, .. "he geomorphologicd
€athering of €S erosjon N the survey area the ¥
Yock i mi 1pr0083333 to (hmj_nyte 4
Bing] . ate while &
Soil :
occury S s o

distiney
The 3 and thereg, Yelation P
andforng o re ar describeg ::Iththt’i‘e landforms in whi
Area are descrige; ::éat;:n t;b
ording to ¢
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altitude, relief characte
ristics and slo
Becan e pes. The order i i
s j; general from high to low altitude. The r }.ri1 ey th?y B
as the difference in altitude over a square km S ALY 48

1.4.2 Description of the landforms

- Mountains (M)1)

rmqmg'!‘!;:o:o:n::ms haw;e a relief intensity of 300 to 1000m and slopes
over 30%.
ment areas. The mountains are important as water catch-

Residual mountains (MU)

i Ndog. mltdt;al mountains consist of Precambrian Basement System rocks.
O adE omnf ains in the south-west form a range which rises upto an
P over 2400m. The eastward facing slopes are very steep and
Exfolia:ia an escarpment like character (faultline). The tops are rounded.
i s ozhllnbs are the omnipresent witnesses of physical weathering.
uumlou two inselbergs, Baio and Ilim, rise above the plains to an
A of about 1500 and 900m respectively. In the west the survey area
rders outliers of Ol Donyo Mara.

Volcanic mountains (MV)

The volcanic mountains consist of various volcanic rocks mainly
basalts. The dominating volcanic mountains are Mt. Marsabit in the east
and Mt. Kulal in the north-west. They rise respectively to 1740 audl 2240w
alti-m. Mt. Hﬂrsabit» has an irreg‘ular Summit: with some Small: flatter
plateaus as well as steep cones and craters. The middle and lower slopes
consist of a series of older lava plateaus. The base of the mountain is

ith irregular and

very broad: about 50 by 90km. Mt. Kulal has a summit w

steep slopes, surrounded by steeply incised flanks. The lower slopes are
long, gentle and have a concave to straight form. The Asie mountains form
an outlier of Mt. Kulal to the north-east and rise to about 1160m elevation.

-~ Hills and minor scarps (H)

The hills and minor scarps have a relief intensity from 50 to 300m,
with slopes ranging from 8 to over 30%. Erosion processes can be very

active in the hills.

Residual hills (HU)
tem rocks. They occur

t Sys
$4€ of BaReR o e hills often have almost

The residual hills cons
rt of the area. Th

mainly in the south-western pa

bare, rounded tops and steep convex slopes:
Volcanic hills (HV, HP) :

r

, have steep and irregula

St vise WA ] i ng:se hills consist mainly of
i 1 pyroclastic

sumits. They rise upto 1120m ele

the soil map

e code used on

s refers to th

-

1) The code between bracket
(appendix 1) and on fig-
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Fig.5 Landforms and geology
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GEND

NTA&S%.{ intensity 300—1000m, siopes from B to

E Mountains of undifferentinted Basement
System rocks (Precambrimn)

Moyntains of vari
E (Ho—?t.luoun.] ous volcanic rocks
LLS (relief intensity 50-300m, slopes from B 1o over 30%)

E Hills and footslopes of undifferentiated
Basement System rocks (Precambrian)

Hills and scarps of various volcanic
rocks (Plio-Pleistocene)

LANDS (relief intensity 10—100m)
HIGH LEVEL (relief Intensity 10—100m,slopes from
2 1o over 16%)
E Uplands of various volcanic rocks (Plio—
Pleistocene)
LOW LEVEL (relief intensity (10—50m,slopes1—8%)

E Uplands of gneisses richin ferromagne-
sian minerals (Basement System rocks.
Precambrian)

ATEAUS

Ls STEPPED PLATEAUS (relief intensity less than
10m, steps of 10—20m, slopes 0—3%)

Stepped plateaus of various volcanic
rocks (Mio—Pliocene)

Ln  NON-DISSECTED PLATEAUS (relief intensity
less than 20m, slopes 0—5 %)
Non—dissected plateaus of various vol—
canic rocks (Mio— Pliocene)

Ld DISSECTED PLATEAUS (relief intensity 10-60m,
slopes 1-10%)

Dissected plateaus of various volcanic
rocks (Mio—Pliocene)

TRIDGES (dissectedmiddle siopes of various volcanic
mountains, relief intensity 50—200m, slopes of crests
2-8%, slopes of valley sides over 16%)

Footridges of various volcanic rocks
(Plio-Pleistocene)

TSLOPES (at the foot of mountains,hills and plateaus.
relief intensity less than 10m, siopes 1-8%)

E Footslopes of colluvium derived from
various volcanic rocks (Pleistocene)

IEDMONT PLAINS (relief intensity less than 10m,
slopes 0-2%)

W] Piedmont plains of colluvium and alluvi
YV__| um derived from various volcanic rocks
(Pleistocens)

A FLOODPLAINS (relief intensity less
0-2 %)

D DUNES (relief intensity 2=

P PLAINS

Pv  VOLCANIC PLAINS (relief intensity 5—10m,
slopes 0-2 %\

Volcanic plains of various volcanic
m rocks (Plio—Pleistocene)

Pnd NON-DISSECTED AND DISSECTED EROSIONAL
PLAINS (relief intensity 0—20m, slopes from 0 to
over 16 %)

Erosional plains of quartzitic sandsione
(Miocene) s

Ps SEDIMENTARY PLAINS (relief intensity lessthan
5m,slopes 0—2 %)
Sedimentary plains of unconsoljdated

sediments derived from undifferentiated

Basement System rocks (Pleistocene)

Pin NON-DISSECTED LACUSTRINE PLAINS (relief
intensity less than 5m, slopes 0-2 %
Non—dissected lacustrine plains of sedi-

ments derived from various parent mate-

rials (Quaternary)

Pld DISSECTED LACUSTRINE PLAINS (relief inten-
sity 5—20m, slopes 0-8 %)

Dissected lacustrine plains of sedi-

nents derived from various parent mate-
rials (PIoluocene-Ouatemary:

than 5m,slopes

Floodplains of alluvial deposits derived
from undifferentiated Basemenl System

rocks (Quaternary)
Floodplains of alluvial d

m nary)

eposits (Quater—

10m, slopes from O to over 18%)
s of aeolian deposils overlying
e:r’:.ous parent materials (Pleistocene)

NB: All qaologicsl periods are tentative.
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Mt. Marsabit, Mt. K

the slopes of - :

i fozndZOOOmn above their surroundings and :.“ /-

stand about 50 ;any are too small ‘te be 1nciiicategf° the &

rms. 2 Al | y

::::":uinf:olcanic material is found :t :.h“w l:;:;at ]um.ft n

scarp forms a part o -

ﬁyanga;i:t;nczhi: i t;p 2km, the surface descends s

er

towards Lake Turkana.

- Plateaus (LV)

All plateaus are of volcanic origin and consist
They have in general a rather flat surface with a l::lp__
side. A common characteristic of all the plateaus

or bouldery character of the surface. The plateaus are -
to erosion.

-

Stepped plateaus (LsV)

ave a relief intensity of Less
The steps, forming the ¢
lateaus, are 10 to 20m high. The edges of the |

dissected. These plateaus form the middle and lower slof

and range in altituge from about 900m near Marsabit to
north-east,

slopes ranging from 0 to 5%,

Non-dissecteq plateauys (Lnv)

These pPlateaus have 3 relief
Oof 0 to 2%, One

is locateqd east of
the Huri hijjg va, at anp altitude
another Plateay )

intensity of less -Nan
Maikona, separating .
of about 500m. .
of about 600m.

is the lava plateau
South-—western/north

This plag 2 ~eastern direction ¢
p a eau i 'C NG
altitude of aroy - ut 50m above the su

* It has Slight dip to the s

Dissected plateaus (Ldv)

Plateaysg have a Yelief intensi of
:i:f::,rand a’:! fr9m to 1log Y rise about Som ::‘”'ﬁ
€ lying at an altituge of around 550m.
Footridges (RV)
F

the Strong)
Th P g Y diS
relief intens ot o

Sected middle slop
nly of bag
t

alts and pyrocla 1
+ The slopes of

are over g4 t: ¥ Tange from 2 to gq

Kulal, ¢

+ The slopes
Footridges are £
€ Asje hillg and south-east

e foot of Mmountains, hill
9€nera) less than 10m. The
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1l to 8%. The

A Bfe:raiqht 1:0’;’3 i’;w:he 91?130 'jI-': in general concave at the upper end
r part. @ s

very sensitive to erosion. upper sections of the footslopes are

Footslopes of the residual mountains and hills (FU)

e ﬂ;.;ogzzlop:n i:nskst of colluvium derived from Basement System

. ur in e south-western part of the s

. urvey area. At the

I:ot of the Ndoto mountains the slopes are strongly dissected by gullies.
general it can be remarked that these footslopes are very short.

Footslopes at the foot of volcanic mountains, hills and plateaus (FV)

The footslopes consist of colluvium derived from various volcanic
rocks. They are located mainly in the north-western part of the survey area,
at the foot of Mt. Kulal, and the Asie and the Longipi hills. Some small
parts are situated near Maikona and west of the Kurkum lava plateau (north-
west of Kargi). Around Mt. Marsabit no footslopes were recognised as the
slopes of this mountain consist of a series of plateaus. Small footslopes
may occur around the isolated lava plateaus. They are however too small to

be indicated on the soil map (appendix 1).

- Piedmont plains (YV)

tensity of less than 1Om with
plains were recognised only at
stern base of

The piedmont plains have a relief in
straight, long slopes of O to 2%. Piedmont
the foot of Mt. Kulal and in a few places at the south-we
Mt. Marsabit. They consist of alluvium and colluvium derived from va

volcanic rocks. The erodibility of these areas is low.

- Uplands (UF)

The low level uplands or sm
of 10 to 50m, with slopes ranging from
gneisses, rich in ferromagnesian minera
rocks. The uplands are located in the
around Korr and Elgess. The general level is abo
surrounding plains, at about 650m altitude. These areas

affected by erosion.

rious

all and low hills, have a relief intensity
1 to 8%. The uplands consist of

1s belonging to the Basement System
art of the survey area,

ut 50 to 100m above the
are seriously

- Plains

Volcanic plains (PV)
xulal and Asie as an

Mt.
tween to 1om and the slopes

is located be :
ity is 5

A small volcanic plain ;
relief intens

intermountainous plain. The
range between O and 2%.

Erosional plains (PnS/Pds) o
consequently £
On these plains erosio o pleistocene quart
soils are shallow. The erosi part of the surlei:‘;a
zitic sandstone. The in the g) has a
. Y occur Cted part (Pn rt (PdS}
at an al soom. The non-disse The gissected pa
e titude of about : lopes from O t0 % S 160,
ty of less than 5m wi h slopes from 2 to

has a relief intensity of 5 to 10m wit

nal proce
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Sedimentary plains (PsU)

The sedimentary plains are the result of d-pol.l.__
However, this does not mean that no erosion can take p
tary plains have a relief intensity of less than 5m, with
2%, These plains consist of unconsolidated sediments de
ment System rocks. The general direction of the very g
less than 1%) is towards the east-north-east. The ge }
around 600m. These plains occupy an extensive part otu___
the Koroli desert in the north, via the Hedad in the ¢
Kaisut desert in the south.

>3

Lacustrine plains (P1X) -

The lacustrine plains have a relief intensity of 14
slopes of 0.2%. They are located in the north-east of th
are known as the Chalbi desert. The Chalbi, lying at an
400m, forms a closed drainage basin filled in with
origin. Due to the periodic flooding (once or twice % ari
salt content of the sediments, the area is virtually bare.

o

An interesting pPhenomena, which cannot be shown ¢
(appendix 1) is a longitudinal dune in the centre of

has a length of 7.5km, is very straight and the top is
dune consists of sand, silt, clay and salts,

T They are ho
so ; € many drainage ways on
too smaljy to be Separated on tge n:.

The P
have . e
1nterduna1 flats) oza:eié:f intensity of 2 to lom with |

The dunes oc at both si
of quart, sang wOSt abundant at i, ;

the weStern id m
They Oover ith 50 “Bath S 2.
9enera) sg zlder lacustripe s:;ﬁle minerals and some
tlon (yg), oNC With eNts. The form of th

In s orientation Jom!
Partly also w:::ral Places these darallEl to the
ing. the e T, upto 4y, €S are eroded

STdunal £),4q © Underlying lacustrine

climatic :tory of the

t of both wh ¥ "

ich is very



25

The dating of the various processes and rocks is therefore only provisional

The oldest rocks present in the area are from Precambrian age. No
rocks of the Paleozoic and Mesozoic times have been found. During these
pericds intensive weathering and erosion took place. The Permian and
Triassic sandstone (Duruma) in the eastern part of Kenya are the deposition
products of eroded land surfaces, probably also from this area. The oldest
known erosion level dates from the Jurassic period (the Gondwana surface)
and can be found in the Ndotos (Ojany, 1966). Since then various uplifts
have resulted in erosion and weathering cycles mainly in the Cainozoic era
(Beckmann, 1982), producing successions of land surfaces. Tertiary volca-
nism accompanied the faulting and uplifting in this period and the result-
ing landforms largely dominate the present day landscape.

Deeply weathered and leached coils are, with a few exceptions, not
present in the survey area. This is in contrast to soils found in the
plains and uplands of north-eastern Kenya which are reported to be of the
ferralitic type (ferralic subgroups and FERRALSOLS) (Sombroek et al, 1976).
It is likely that the hot and humid climatic conditions, which are a pre-
requisite for the formation of FERRALSOLS, have also been present in the
survey area. However, it is assumed that, due to the more pJFonounced
relief and the position closer to the Rift valley resulting 1in higher up-
lifting, the erosion of the weathered surfaces has been more co:;plete.

More recent weathering products are forming the present day surfaces.

The possible genesis of the landforms, in the sequence as given in

chapter 1.4.2, will be given in the next paragraph.

&
The mountains and hills, consisting of Precam]i)riaI;nBi::m::t?zi;.m
rocks, are mainly the results of faulting anc upliftz;q ek vok
The geological structure and relative resistance of E earts are composed of
types are reflected in the physiography. The highest P

ated form of
homogenous granitoid and compact piotite gneisses. The elong

orientation of the strike. The

the mountain ridge follows the regional NS i R carpmeht-1ike
eastward facing slopes are very steep and ofterll e g barallel to
character. This could well coincide with a fe.\uttof t}ie o tain Eront i
the Rift Valley. Various inselbergs 0CCUr S98%. .., " me higher part o
the form of hills or isolated mountéaigzpi}:::::;:s'”a remnant of the Gondwana
the Ndoto Mts. which is rather flat,

erosion s 0 1966) . |

% I started during Miocene times

whose formation o-pleistocene have the

The volcanic mountains, : . the Pli Y
and reached their maximum height pOASIRAY) ruption centres and charac
form of shield volcanoes. They have g puntains form linear ranges

shie volc . ir flancs. The mO rallel to or at
teristic parasitic cones on their 1 weaknesses, P2

ta . ters and

and can be associaced with zone: oiitf:fusallw- Alignments ::é crate :
an in axe of the . The bases

angle with the ma a SW-NE direction Msprime euperimposed on

cinder cones occur mainly in 1o OFf lava P
are very large and consist of a se”lioc:eme times-
each other and dating from Miocene-P

ab
s of ME. e st of
The volcanic hills found on the s;};ge:ongipi hlg:ta%;:il:;nz;stem-
5 cones - y
are parasitic craters oOr cinzs:_ R parallel wu:;ecmters' . g

a series of craters and cind e
Te volcanic hills, of which air ic activities:
witnesses of the most recent volcan
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The high level uplands, found on Mt. Kulal :::1::.
sent relatively flat, more stable areas (.Jf t}hc :o:m“ u;‘
coincide with a Tertiary eruption phase and m\; Berpedt
untouched. Deep, highly weathered soils are fo -
on Mt. Marsabit the soils are less weathered.

The low level uplands, found in the south, could be |
of a Tertiary erosion level. It is bellieved that under the |
lavas the same level has been preserved. Both rise about O
surrounding plains. As the Ilaut lava is tentatively dated
to Pliocene, the above mentioned erosion level could be of _
The uplands which are not protected by a lava cap actually t
processes and therefore no old, highly weathered soils M_—_

The volcanic plateaus are thought to represent the
canic activity in the Survey area. They may date frol
ginate from fissure eruptions,
ty spread out as enormous flows.

Y one or two lava plateaus are scatte
pPlains. These Plateaus, Probably of Miccene age, were

sional processes, They are older than the plateaus at I
show signs of erosion,

several rests of formerl

Some of the mainly 1
Phenomenon , Under g thiy OV lying lava Plateaus show an

free soil with 4 depth on nantle of basalt boulders (about

St have been a g
ns (early Pliocene).
N layer of basaltic lava,

tween the eruptio
on
against e€rosion, BY A thy

show mog + The crests of the
z:ry Steep g co:::ist e: ‘t;:ly deep to deep soils. fThe
o0 Products of o} Shallow 50115 ang rook catil
can be founq 4 € mudf]loyg which an c

4 Must have come out of
i Piedmont Plains a4 the foot of the
e fOOtslo

S Viere b bPes of the Volcani ;
- fateq, m: €rosion PXoductg fro; Egzn:g;::;nziils :
Cumy colluvial o5 mas

* i Proce
y Surface, € soilg are shal) o g

o

S 3
P M Lt 2 it e 1 11 e
Fro8DOTteq oy’ PFOcts o inly oSYstem rocks, CoREAEE
COlluvial and i’lgneisSes and granites. *

e to al processes. The

e muntain or hill, 0o 5
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lower end of the slope.

The volcanic
plain, betw
as an intermountain : Sen S BULAL SRS
o Mt.
vy us plain situated on the saddle b::i: Canthbe i o
tai en the two moun-

The erosional plains a
e re found on the
vy ‘n'“g::;’; 3;0:;::!;1119 the Chalbi plains bsa:gu:igco:lneh:angStones' iy
e e e :owadays while the central part i; stzlleen Vel
di'“l.ct.dct.d oo e mr:ve :hallow soils. Going further eastw&?gn-th
b6l pecdiere, of t}; and more covered with the mainly coarse raiE il
o sed: sandstones and here deep soils are foung ::d
R M v T ioved o ments in early Miocene times, a period of'weatﬁsr—
o B s (Egr;z;ld?f consolidation. Thereafter, the horizonf
been eroded probably in Pliocene 2gm::j.'dence i renl Sl ind -

The sed
AR g oo :::ntary plains are the result of the filling up of the basi

a between the Basement Syst : B
south-west and the volcani ystem mountains in the west and
basin was formed due t c mountains in the north-west and the east. This
west, volcanic °r“ptionz i czzbined action of faulting and uplifting in the
faulting of the central n the north-west and east and probably by block-
Ndoto mountain range muﬁgrﬁac’f the basin itself. The formation of the
timed, but faulting and 11fve taken place already in Paleozolc o Mesozoic
Tertiary. Coarse qrainegpe Eing of the area continued throughout the
mountains were deposited inr::lo: piodgcts detives fEci the TRt o e
transported far from the e lowlands while the finer sediments have been
to as Turkana grits. survey area. The first can be tentatively referred
sivé 1‘§28:: early phase of volcanic activity in Mio-Pliocene times exten-
Shodics 'n.t.ﬂms covered parts of the basin. After this period, severe
e Yava have taken place, resulting in the reduction and cutting up of
idest cover in the central part of the basin. In those areas where the
bmmwuging sediments were not protected py a lava cap: the sediments were
it . Remnants of this lava cover in the basin area are the Ilaut

u and the plateaus NW of Kargi. The first one is overlying Basement

System rocks while the second one is underlain by coarse textured sedimen-

tary rocks (Turkana grits).
the basin were

-west and the east

In middle to late Pliocene time
inued since then,

2:?*‘4 by increasing volcanic activit

'iththe filling up with gsediments starte

or without interruptions, to recent

mainly derived from Basement System rocks as they €O

Coarse quartz and, mixed with feldspars. micas and seconda
th the gediments.

Volcanic ashes may have been mixed wi

part of the s

ivers.
t in the southern (be

sedimentary plains (sou

ntain predominantly
ry minerals.

ediments has peen laid down by water

Cross sections of deep augerhole
tween Korr and Ngurunit)
Balesa

th-west of
ce of stream channels.

At least the upper
:::ion in a system of braided T
d rvations (to 4m) carried ou
R in the northern part of the e

lal) showed clearly a stratification and the occur
rlj. gilt size frac~

The particle size aistribution is very irregula
tions occur together with coarsS sand or_even fine (3 OX 4mm)_gravel
n was done.

the sand fractio.

1) Due to technical problems no sieving of
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Deeper in the profile sometimes layers of almost pure silt
or gravel may alternate (see fig. 6).

Inthe north-west, the lowest part of the aruad:x-.
existed where fine grained lacustrine sediments \:ero 1
Holocene). Its greatest extent in Quaternary times oc
relatively wet period probably 12,000 years B.P. (NY‘“!E;

Alongside lake Turkana a series ol lacustrine diment
deposited during Tertiary times upto recent days. Due to a
heaval of the area east of the lake, the oldest sediments ¢
at 100m or more above the present lake level.

Clear eolian landforms are found in areas adjacent to
lacustrine plains where extensive zones with dunes are p
mainly longitudinal dunes can be up to several metres in b
nowadays stable (if not disturbed by human activities). _
have been blown out of the Chalbi basin in dry periods. he §
in the area by the rivers coming from the south-west which

erosion products of the mountains and hills. Another
the sandstone south of Maikona.

Recent dune building activity can be found around .
and Kargi. The dunes often occur as small (20 to 70cm h -
dunes aroung dwarf shrubs. These dunes are clearly linked €

down of woody vegetation and to a high concentration of live
waterholes ang villages (see also Ch. 1.6). .

1.5
HYDROLOGY

Surface water is very rare

in the survey area. Only
;::::‘- ::aliow Pools ang Seasonal water Courses as well as ti
weeks, I:keeriiihd ts nolater for a few days upto @
the water jig ra:'::hana = S on hently filled with vater s Hes
found near the toer Poor (pH around 10) Permanent s o
the foot of thesep:ozit::;;sxulii and Mt. Marsabit and in some
Karqgi . important spring is Korel
watzr;dwhere almost daily ¢ Pring 18 .

amels ang Other livestock

survey 5, € Ndoto Mountains, Ol Donyo Mara
b Aei), Fhe €astern side of Mt. ula
Sle hillg and from the vesters
r Up in the -
very Permeab) e ; Shy Waterg will closed Chalbi

i nd the , fOt reach the Chalbi as
ri“;::a :mwier'e ¥ e so:rtl; :f Yater is not sufficient 0
’ ~ea
Tk2ns ge "9 furthey South, Stern part of the survey

a8 erosjgn base as erosjon base. 1In the n

The gy
In the 139¢ ways g,

e the
At the fooq Plaing ¢ Yolc

anic areas have box
of the v Flverbegs ¢ ;
OF the ara; . < Marsabyg | oot o dpey’ t¥Pical sandy el
ns, Y have : b Age way has a Lne

be Wide for the existing ck
GS wit-h braided TR AP vt et et
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channels. Sometimes, once in 5 or 10 years, the riverbeds will be filled

up completely. For example debris is found in trees along the Balesa leal
river, 2m above the present riverbed. The Balesa Kulal is the biggest river
in the area, coming from South Horr (west of the area). It passes the lower
slopes of Mt. Kulal and the Asie hills and finally spreads out in the Chalbi.

The drainage pattern of Mt. Kulal is clearly radial. Mt. Marsabit
shows a radial drainage pattern as well but there is a marked decrease in
density on the western slopes which lie in the rain shadow of the top. The
drainage lines in the sedimentary plains have a semi-parallel pattern and
have a SW-NE direction. They originate from the Basement System mountains
and end up in the Chalbi basin.

The sources of water for the population are various and differ per
location. They consist of permanent springs, boreholes and waterholes dug
in the riverbeds. At the end of a long dry season, water becomes scarce as
the watertable in the rivers becomes very deep and the hand dug wells
collapse. Other wells and boreholes sometimes dry up completely.

The general groundwater table throughout the area is very deep, except
close to the surface. But even here

in places where the Basement bedrock is

the groundwater is below 5m depth. The Chalbi desert has a shallower ground-
water table, depending on the season, from O to 5m depth. However, the water
is salty.

e is the occurrence of a N-S ridge of
e Ilaut lava plateau. These rocks form
This explains also

An interesting phenomena to not
Basement System rocks just north of th
a barrier for parts of the water coming from the west.
the occurrence of strongly sodic soils west of this area.

ydrology of the survey area the

Fo about the h
r more information port B-2 (1983).

reader is referred to IPAL technical re

1.6 EROSION
is a natural

In almost any environment erosion takes place. n:zigf . iw

process. Man has often enhanced the speed and c’Ccurmmstm.zr.:tir.-n purposes
cutting of trees and shrubs by the pastoralists forj_ﬁzrease of erosion. In
(fences, houses) and fuel is a major cause fort::ion by the 1ivestock of the

en Survey area the unbalanced use ot vegetation and consequently,

the
S e gvergrasing anc degradav:cilonagielera natural erosion
(e} '

as the protective soil cover is rem
enormously.

tes the

follows:
The erosional processes can be classified as

(a) Processes by water

- fluvial processes (stream ba
llwash (sheet eros

nk erosion)

ion)
- splash and ri

= rill erosion

= gully erosion
=~ pipe erosion

~ mass movements



32

(b) Processes by wind (aeolian)

- deflation

" b.d.. l .
ited to the river

ocesses are lim onsequently low
Fluvial Erin the catchment area and o h:ﬂqu r.z;.'ﬁ
vageta:ion :::z the runoff, especially .h;r:an;tﬂvz the ‘T

cre P ood
;;tti:od:d materials increases. Du]rk:??n:‘; c:1 Jl_llu rivers .
es. The major shap a

:hangefzgséz :ng: normal floods modify the courses only..,_
eavy

i

As the vegetation cover in the mijf par:pT:’:h:nd‘ i
low, especially at the end of the dry nﬁn{nn.a£ua. ien
Very common during the rains. 1In partlﬁr.J;nrm proflsee
affected. The run-off has the tendency to Jotation: Wil
the micro and meso relief and also by the vaege . ol
is not affecting the whole s80il surface in a homog n‘ﬂul_%,

identical rate. This makes it difficult to assess the

..... v
material. Bake (in: IPAL, 1983) calculated the amount of '

as about 135m3/km2 a year. His attempts to measure the -
mainly due to loss of equipment. Mounts areund Duosplilﬁ_ﬂl

20-50cm have b.tﬂgQ
life time of these shrubs. 1t shoylg be noted that uol§: g
materials do not reach the valley floors, but are deposi p

Rill er
Slopes are Present,
erosion may join ang
Process of rill erosi
has beep damageq,

The Strongly
heavily affecteq by

overgrazed slopes in the
this king of

erosion,

In the sed

imenta la
Of the tey G2

fain is vVery low

& O detect unless the pi
eyond tp, sc S PXocesses My initiate this kind of
€rosion onl ol this Paper tq deal with this o>
not oc ai Occurs jp often Cracking, heavy clay soils. P

affect grazin; ghsc;le 3 SOme areas, e.g. south &
theiy legg. igger animalg can Step in the m

Some Stee o
occur, € ar Bug o the ubPer partg of Mt.
treng Affecteq 4

s CUrrently ver 3 t o
9raze Y very small bu
which are pre nd Cultivate eve : '

on Steep slopes con

nm &
imal movezzy Places on the mt, Marsabit s
NS ang cap, initiate 5 landslide

Y COl'l'(non t‘nrﬁu h . t" oy
er cughou
Qrazing and desﬁrtification

e
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may occur anywhere in the plains but are most spectacular and effective in
the overgrazed areas around the settlements in the lowlands. But even
around Marsabit dust storms may occur when the cultivated fields are bare.

Fossil dunes, formed during a drier period in the recent geological
past, are most prominent around the Chalbi. Presently these dunes are fixed
by grasses and dwarf shrubs. Overgrazing however can easily reactivate
them as can be seen east of Kargi where moving sands are covering shrubs and
small trees. Moving sands are very obvious south of Kargi and around Korr.
The sand often accumulates around dwarf shrubs thus forming mainly small
obstacle dunes. In places these dunes may rise up to a height of 1lm, but
they are often washed away in a very wet season. The eroded sands are
accumulated in a nearby riverbed from where they are blown out again after
the rains. The erosion of the fine materials both by water and by wind left
behind a desert pavement on the higher parts of the uplands in the Korr area.

It seems that the maximum of aeolian activity occurs jufst after the
first rains. By the splash effect of the falling drops the thin algae crust
on the topsoil is destroyed so that the wind can blow away the loose sand

particles. .

It has been shown by IPAL (1983) that sand movement can be stopped.
At Kargi there is an enclosure which is completely protected from grazing'hi h
After the first rains grasses sprouted, creating aez':odynamic resistf::nzz :ooz-
enabled the moving sands to settle. This accumulation formed x a:d Sl
ing possibilities for more grasses and, later on, for dwarf sril s i t;he'
which in turn gave the opportunity for further sand accumulation.
enclosure was built there was only bare residual rock.

1.7 VEGETATION

ious

Much research in the survey area has been carr;ed zu;tlaazi;:r:gd o,

Unesco-IPAL scientists or consultants on both the woody : g A e
herb and grass layer. The most extensive study ar:ccumpa1'1]:;?t ke orpre
80 far is Herlocker's "Vegetation of south-western Marsagl e et
S (Herlocker, 1979). This author recogni~_-*.estypl‘;:S o e
vegetation types, which include 73 tertiary vegetation
to their composition.
e major range units of

& desckipts o 55 roximate scale of

map at an app
type descriptio

Ngurunziza and Lusigi give ; :
the area and present it on a simplified ns include physica
1:300,000 (in: IPAL, 1983). The range O attributes (composition:
attributes (sc;il ciimate, qeomrphologY) ! ;igi;itand the estimated carrying
cove impact, range con iption of the woody
Cﬁpﬁ:;i:;il btimmp::;'g::t::ninmshe same publ.ica.tion a descrlp

s pased on the work
as
— ry of the major vegetation types mainly
a summa |

of Herlocker (1979) follows below. ich
( | 4 the Ndoto mountainsfw:ezt.
g red with evergreen 00193
;iospyros abyssinica,

us proc
lal Junip:rhas no Juniperus

abi
. Kulal, Mt. Mars
The summits of Mt. K ’ d/or VI are coV

occur in agro-climatic zone III & g
; a malosana.,
The forest is dominated by Cassipoure R

hochstetteri and Teclea simplicifoli:;t edge. Mt. MArsab. maxima and
3 a successional species at theﬁ-:zf;ergia capensis, Premma

but here Strombosia scheffleri,

s cies.
Croton megalocarpus are other important SPe
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one of everg -

dered by a z 5

rest is bor . or less to agro=gl

The montane fo corresponds more 0. cies are Rhus g

bushland, which dominant spe 4

sty racteristic and often ilia mossambicensis,

e Cha's EBuclea divinorum, Asﬁ ssinica is a comson =

garigss qdulis, ocera. Harrisonia aby: trees and shrubs g &

anc Jnsperuw ge open areas between the t.h' fn part of Mt.

r ]

Marsabit. 1In s /Themeda_ On the no ssland h.. ._

occur: Dichanthium lost and a perennial gra 1 and south of

artly los .. Kula :

vegetat1021:§GPOCcurs on Aoke .parts Ofonivlvﬂ are Combretum |

g woot‘. Marsabit. The dominatiI}g -P‘—J- A tortilis. o

zonelon MA‘ njlotica, A. drepanolobium f}n( dr; and Dichehtil

etbaica, A. lumulosus, Themeda triandr: 1 the ®

like Chrysopogon plumu land woodlands occur a ong _

£ the underStorY° The i ted ]_,Y ﬂcaei‘ wru ond
1;§:s (riverine forest) and areddomizaand south-east of Mt.

wes - .
Looto Nts. and o] o e a:he rincipal transitional .
e gt Bushlang = as pThe trees occurring in
nd areas. ;

roaaeon Upland and lowla 1, Balanites aegyptiaca and v

Acacia tortilis, 2. Wity ; Ilifera, A. senegal k.

dominant shrub Species are Acacia me ro-c 2

The dom ed with ag :

be associat
Spp. This vegetation type can d partly in zone VII.
although it occurs Partly in zone v and p >

slopes of Mt. Marsabit, o
The two dominating

conditions, val grasseg like Aristj
form the herba
open Overstory

of shrubg of Various 2
boundaries bet

cacia spp. and Commipl
ween annual

grasslangs, dwarf shrublands and
not always Very clear and intrusions often occur.
Deciduoyg Shrublang occurs in the northern and no
of the g dimenta Plaj
middle Slopes o

© hills, around Mt. Ku .
£ Mt, Marsabj On the Ilaut lava plateau. &
clens, whije Acacia melljifera and Commip
Undant specyeg. AN understory of dwarf sh

annual grasses ]jye Aristida is common.

Specieg is aca
the other most
Duosperm, and

Annuga] grass langs
Slopes of Mt,

Mainly occur °n the western and
P Harsabit, betweer, Mt. Kulal ang Lake
enghguasses © Aristiqa Mutabj] ;s and a, adscensionis.
Shrubs ; .c:cl:u.r el : Tf shrubs ag Indigofera, B
iy 2 reficiep . A, mellifera, Commiphora spp. :
2
Chalbj rhe |
Concenty. tion s:fiz"f,, el Vegetation at all, due to
Occur, Such ag ¢
and

Porobo; ® soi], At the edges salt tolera
Dasysphaera Prosty s Sporobo; Us consimilis,
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Trees play an important role in the arid zones of northern Kenya.
They provide firewood, materials for the construction of houses and livestock
enclosures and browse for the livestock (camels, sheep and goats) of the
pastoralists. 1In addition trees provide shade which is very important for
cattle and small livestock. Trees further are valued for edible and medici-
nal products, for fibre, for rope making and for the gum of certain Acacia
species. Trees also play a role in the maintenance of soil fertility by
N fixation if they are leguminous and may reduce soil erosion and dessica-
tion. The major trees or shrubs present in the lowland areas are Acacia
reficiens, A. mellifera and A. tortilis.

Acacla reficiens is relatively unpalatable but is the main source of
wood for the Rendille people (Lamprey in: IPAL, 1983). The foliage of
A. mellifera and A. tortilis is browsed by camels and goats. The fallen
leaves and flowers are eaten by sheep. The fruits of Acacia tortilis are
eaten by all livestock species. Other shrubs or small trees, although not
occurring extensively, provide also browse for the livestock. These are
Maerua spp., Salvadora persica, Cordia sinensis and Acacia senegal.

d is used for the construction of livestock

eticlosures. estimated at 1.5-3.0 m3/head/5’ﬁa-'f: arriving at a maximum of ’
38.700 m3 ;nr year for the 12,900 Rendille living in the area. The zoe:!;:g:c_
ment for fuel wood is approximately 5% of the requirement foi fegg; xm2 of
tion material. Lamprey (in: IPAL, 1983) shows that only abou 3 {:o T e
Acacia shrublands can satisfy the need of the people, taking ﬁowever e
the calculated wood production of the shrubs. The Peopli? aﬁon incre;se
evenly distributed over the area, tendencies to sedentarlagettlements takes
and thus a gross depletion of woody vegetation around the

place,

Most of the consumed wooO
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2. SURVEY METHODS

2.1 OFFICE METHODS

The available topographical and geological maps
literature on the survey area were collected and stud
the fieldwork. The area is covered by the topographical |
1:100,000 of the Survey of Kenya series Y633, sheets 8.
55, 66, 67. Except for sheet No. 42 which has contours a
these maps are very poor in topographical information.

covered by 1:250,000 topographical maps of the Survey of |
NA-37-6, NA-37-9, NA-37-10. E

The area is not covered by geological maps, exc
in the south-west and south~east .

Aerial photographs of the area, obtained from the
are approximately at a scale of 1:50,000. The photographt
and 1975, fThe quality is good, except above Mt. Kulal,
and parts of the Mt. Marsabit summit, where clouds are dif

the images with patnh and row 181/58, 180/
::zrsl:s f;om 1973, 1976 ang 1979 were obtained fro; the Reg
Ng Facility in Nairobi. mhe images of 24th Jamu

pertod e 57 91 survey porross s acn 18
e e -
patterns getation least obscured the underlying soil

rawn, either from .
e :

i o daat images and the situatd
Prints at 5 Scale o 2 |

aé photo-j_nterpr
form holmdarj_o tain more deta
€S more accurate

etation was € *
ils on small y
ly and for or

€Sco-1pa;, e fo
fielge, T Periods of apo k-3
. m u
In tota) 156 day’ga =

werecatab’ Ngurunit, olt:
s SPent in th .
accesgibome Partg of e field

ang terrajy, area were not visited, duet
Partg of ese areas are the Asie
r foOtSl(}peS and the ’“M



Fig.8 Location of observations
37°00° €

37

38°00°E

Koranle ;n/'

KEY plaine 1.

00'N|- === Mmajor road /"

==« lrack

== fiver

~.-= Provincial boundary
e lown, village

Scale 1:1,000,000
0 10 20 30
| I 1 1 '
1

37°00°E

142 profile pit observation with reference number
A1m augerhole observation with reference number
x 55 topographical sheet number (1 100.000)

(fertility sample)

3°00°N

2°30°N

2°00°N




38

Marsabit. Through extrapolation and interpretation ten
could be made. As rockiness and extreme stoniness are :
dominating properties, it was considered not to be justif]
time consuming foot safaris. Also the limited time aw
survey and the scope of the survey played a role in this d

All the units delineated with the satellite in
checked in the field with augerhole observations which _
auger to a depth of 1.20m but often to 2.00m, if depth of
ness permitted the penetration. At most observation si
extract of samples taken at reqular depths was prepared fi
ment of pH and electrical conductivity. In the very
augering was often impractical and small pits were dug

Land and soil characteristics were recorded on 8
description forms following the methods applied by the
In this way and with the help of the already existing sol
tions*!, a preliminary legend for the soil map could be @
profile pits to gz depth of 1.50m were dug at reprauﬂtl
mapping unit. Detailed descriptions were made of the Aiff
grslgyers acc:::rding to the concepts of the Kenya Soil
D:s: on the_ Guidelines for soi} profile description" (FM

urbed soil samples were taken from every horizon for p

N

A composite sample from the
S around the soi] Pit was taken for fertill
Ng samples were collected from some rept o
of Fhe bulk density ang PF characteristics. '.
scribed ang Sampled, and 25 formerly describe

In addition 168 augerings were carried out.

observations see figure 8

Th
were hand:df:;ai gaiﬁs o, the 1:100,000 fielq maps on trd
final scaje of 1:250 t:::.z.;odr‘?"mng oo Lo Photographicehsy

» F

2.3 ramo

LABORMTORY wemHODS

toriesg amples were anal
which employs the f°110‘-f?n§s:2t;éduw National
S:
(@) st

==31dard analysg

Preparat;,

‘M-‘ Air dl'yi 5
n %
e breaking UP of aggregates by caf

with est] 2mm
P € andg i

mortar; SleVin i

; g through )

t at _paBSES the Sieve 1s analysed.

Xture (1im
t
ed retreatment; : .
agentg * No chemica] treatments

! Shaking ove

Sodiym Carbonat, Inight with sodium hes
::;;Y (0-0, 211::1?."1 ASurement of silt + €
2 hoyy A hydrometer ASTM 1!
Obtajneg b respecti‘“’lY- Silt fraction (
€rence ang ¢ C
Day. e and fraction (




39

and
pH EC: ggiigdwfihdfatermined in a 1:2.5 soil-water suspension; for
. an EC above 0.8 mmho/cm also a saturation extract
8 prepared for pH and EC determination.

pPH-KC1: Measurement in a 1:2.5 soil-N KCl suspension.
CaCo3%: Determination of volume of CO2 after the addition of HC1,

Scheibler method.

cx Walkley & Black method (Black, 1965, pp. 1372/6); no recovery
factor is used.

|5

Semi-micro Kjeldahl method (Black, 1965, pp. 1374/5), on
A-horizons only.

Cation Exchange Capacity (CEC): The CEC is determined by two methods:

1. Successive leaching of the soil with N sodium acetate of
pH 8.2, 95% ethyl alcohol and N ammonium acetate of pH 7.0.
Determination of Na in the last leachate by flamephotometer
(for most of the samples).

2. Saturation with N ammonium acetate of pH 7.0, washing with
95% ethyl alcohol and leaching with acidified sodium chloride.
NH4 is determined by steam distillation and titration.

Exchangeable cations: Leaching of the soil with N ammonium acetate of pH 7.0.
Determination of Na, K and Ca by flamephotometer and determina-
tion of Mg with the atomic absorption spectrophotometer.
Saline soils are prewashed with 70% ethanol until free of Cl.

" . ; , : i les only) :
Mass analysis" for available nutrients (composite topsoil samsl:':s ratig e

Extraction of soil by shaking for 1 hour at a h
0.1N HC1/0.025N H2SO4. Determination of Ca, K, C‘fa bio;f:lzzeche
photometer, after an anion resin treatment for tm; For g
same procedure as for exchangeable Mg. Fo;npis g
bdophosphoric yellow method is followed. R e (kA
colorimetrically using phosphoric acid-—poﬁ;s

for colour development (Mehlich et al, 1962).

P-Olsen (for composite topsoil samples)}-‘laking for % hour with NaHCO3 solution
il by s ixture

Extraction of so ti soil extract is added a reagent m N

(pH 8.5,0.5N). To the id and antimony pota

bic aci
jum molybdate, ascor : sured
:siﬂmzigz;tf::znsgrfutio:. The colour intensity is mea

pECtrophOtometer or a ColorimEtBr {Wata.na
Hiul a s

1965) .
of doubtful results
Al analyses were carried out in singlefold. only in case

Iepeats were done.

(b) Standard calculations
A horizons only)-

AL c% divided by Ns (for
givided by CEC.

tions
Base saturation: 100 x sum of exchangeable €2

1le sodium divided by CEC.

Eﬂ-‘ 100 x exchangeab



CEC-clay and CEC-carbon:

The calculation of these two va

(c) Additional analyses for soil samples of representative pi

the assumption that the clay mineralogy andro
are uniform throughout the E;Uil. profile. ‘
a CEC-carbon is assumed, e.g. 500 me/lOOgt:: '3
%C of each horizon is then deducted from ;
The remaining CEC is entirely attributed to ﬂll_ r-
By dividing the remaining CEC value of each

corresponding clay content (texture limited p
multiplying by 100 the CEC-clay for each horizor

If these values decrease with a doclining C% e
is repeated with a higher value for the CEC=gi
600 me/100g. The opposite is done if the CB cla
with a decreasing C%. The calculation is peat

CEC-clay is approximately the same throughout the

Texture "USDA": Chemical pretreatment with hydrochloric acid

Bulk density:

“Curve:

£
peroxide; leaching with water and, after remo ‘
electrolyte, end-over-end shaking overnight with®

agent (see texture hydrometer) . Determination of
fractions with sieves of 0.05, o.10, 0.25, 0.50%
Determination of the silt + clay (0-0.05mm) &f J
(0-0.002mm) by pipette method based on Stoke's U
fraction (0.002-0.05mm) is obtained by subtractil
fraction from the silt + clay fraction. The per
the basis of the sum of all fractil

al problems in the laboratories no.
were determineq.

Determination of

known volume (Richa

the oven dry (1050) weight '
rds, 1954) .

moisture Percentages at su

"2"“; 053?’ ang Lzressures of 5.0 and 16.0 atmosphere

2y 3.7 an .2 res rbed core
used for s ‘e Pectively) . Undistu

Samples weye Harst ang Stakman, 1955’
Measured witp wo highest pF-values,
by soil MoistuStandard moisture extraction quips
and van gey :+ Santa Barbara, Califors

Ha
disturbeq samp;::,tiQGZI + To transfer the

Weight/volume, the results

bul ’ e

: :Ffensity. Published data for bulk !
FValues are the average of 4-5 rep
P¥ values the average of 4 rep

hYdrochlo i 0-0.002m is separated M
tiC aciq, to make the suspensic

by dispersion with sodium hesst
®S Saturateq vi.. Y diffraction analysis 1

with
Mi-quant g Mg and x, using s
peak/height ra Mtive €Stimation, Peak/area 1
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2.4 CARTOGRAPHIC METHODS

General

The surve
e 1'250":00.)' :‘lr\:arg completely covered by topographical maps at
mation to be used unchang:;ant pagts of these sheets contain too much infor
as a base map for the soil 5
mr‘::!';’.q.l;lralization was necessary. The informatio:agezzi::‘:: ;ame S
topographical sheet was distributed over the following separate plai::-emh

- black plate (topographical names, administrative boundaries, etc.)
- brown plate (road system, quarries, etc.)

- purple plate (contour lines, surface characteristics, etc.)

- blue plate (drainage system)

- green plate ((National Parks and vegetation)

The black, brown and blue plates were generalized. Generalization of the
purple plate was technically not feasible. Therefore a new plate was
scribed, only showing the required information. The green plate was not
used as some of the reserve boundaries shown were not gazetted or fixed.

The original number of 4 base map plates (see above) was reduced by
one, by combining the generalized black and brown plates with the neatline,
grid ticks and values and master surround into a new black plate. Moreover
the new plate with contour line information was changed to a brown plate.
Eventually the following 3 base maps were used for the printing of the soil
map.

- black plate (topographical names, administrative poundaries, roads,
neatline, etc.)

- brown plate (contour lines)
- blue plate (drainage system)

which were later combined

For the black plate two reversals were made,

with the soils plate.

Soil ma ps

For tne technical informati
soil maps (appendix 1 and 2 respec

oil poundaries,

loured and black-and-white

n of the co .
N s were PrEPaI'Ed-

tively) three plate

symbols and legend,

= a soil s
s plate, containing soil depth classes,

- a screen plate, with screens
ete.,

for mountains, hills,

zonation of the
- an agro-climatic zone plate, showing the agro-—climatic
survey area.
was combined with the base

the soils plate 1s plate (black) «

After its completion, om a new and final sol

map black plate (see above) to fo
urs Y
In addition three plates for the basi:n;zion ;
Were prepared for the coloured soil map (’pﬁ were used to
different intensities of these three colour

ellow, red and blue

Combinations of
colour the diffe-



CEC-clay and CEC-carbon: The calculation of these two values is b
the assumption that the clay mineralogy and organic
are uniform throughout the soil profile. For the calg
a CEC-carbon is assumed, e.g. 500 me/100g or 5 me per
%C of each horizon is then deducted from the CEC-soil
The remaining CEC is entirely attributed to the clayf
By dividing the remaining CEC value of each horizon B
corresponding clay content (texture limited pretreatm
multiplying by 100 the CEC-clay for each horizon is @
If these values decrease with a declining C% the cal
is repeated with a higher value for the CEC-carbon, €
600 me/100g. The opposite is done if the CEC-clay im
with a decreasing C%. The calculation is repeated
CEC-clay is approximately the same throughout the pro

(c) Additional analyses for soil samples of representative profil

Texture "USDA": Chemical pretreatment with hydrochloric acid and|
peroxide; leaching with water and, after removal of
electrolyte, end-over-end shaking overnight with di
agent (see texture hydrometer). Determination of the
fractions with sieves of 0.05, 0.10, 0.25, 0.50 and L
Determination of the silt + clay (0-0.05mm) and clay
(0-0.002mm) by pipette method based on Stoke's law.
fraction (0.002-0.05mm) is obtained by subtracting i
fraction from the silt + clay fraction. The percentd
calculated on the basis of the sum of all fractions
Due to technical problems in the laboratories no s
were determined.

Bulk density: Determination of the oven dry (105°) weight of a S0
known volume (Richards, 1954).

-curve: Determination of moisture percentages at suctions of €
and 0.32 and pressures of 5.0 and 16.0 atmospheres (B8
2.5, 3.7 and 4.2 respectively). Undisturbed core S
used for the three lowest pF-values, which were dete
kaolin boxes (van der Harst and Stakman, 1965). D
samples were used for the two highest pF-values, W _
measured with standard moisture extraction equipment
by Soil Moisture Co., Santa Barbara, California, U.S#
and van der Harst, 1962). To transfer the weight/wei
disturbed samples to weight/volume, the results weré®
with the bulk density. Published data for bulk densi
three lower pF-values are the average of 4-5 replical
the two high pF values the average of 4 replicates o

Clay mineralogy: The fraction 0-0.002mm is separated after pretr®
with hydrochloric acid, to make the suspension acids
peroxide followed by dispersion with sodium hexame
sodium carbonate. X-ray diffraction analysis is caif
samples saturated with Mg and K, using standard clay®
for semi-quantitative estimation. Peak/area ratios =
peak/height ratios are considered. Techniques invol¥
tion with ethylene glycol and heating to SOOOCare‘ﬂ:
well. The apparatus used is a Philips direct record
diffractometer, using copper XK o r radiations (Theis€
Hayward, 1962; Theisen and Bellis, 1964). For the

of palygorskite the clay fraction was not pretreated
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2.4 CARTOGRAPHIC METHODS

General

The survey area is completely covered by topographical maps at
scale 1:250,000. The relevant parts of these sheets contain too much infor-
mation to be used unchanged as a base map for the soil map of the same scale.
Therefore generalization was necessary. The information required from each
topographical sheet was distributed over the following separate plates:

- black plate (topographical names, administrative boundaries, etc.)
- brown plate (road system, quarries, etc.)

- purple plate (contour lines, surface characteristics, etc.)

= blue plate (drainage system)

= green plate ((National Parks and vegetation)

The black, brown and blue plates were generalized. Generalization of the
purple plate was technically not feasible. Therefore a new plate was
scribed, only showing the required information. The green plate was not
used as some of the reserve boundaries shown were not gazetted or fixed.

The original number of 4 base map plates (see above) was reduced by
one, by combining the generalized black and brown plates with the neatline,
9rid ticks and values and master surround into a new black plate. Moreover
the new plate with contour line information was changed to a brown plate.

mﬂtﬂlly the following 3 base maps were used for the printing of the soil

black plate (topographical names, administrative boundaries, roads,
neatline, etc.)

brown plate (contour lines)
blue plate (drainage system)

vith For the black plate two reversals were made, which were later combined
the soils plate.

%011 maps

ait For tue technical information of the coloured and black-and-white
faps (appendix 1 and 2 respectively) three plates were prepared:

4 soils Plate, containing soil boundaries, symbols and legend,

i .
etzﬂreen Plate, with screens for mountains, hills, soil depth classes,
*“r

:n a9ro-climatic zone plate, showing the agro-climatic zonation of the
Urvey area.

Nap l:fter its completion, the soils plate was combined with the base
ck plate (see above) to form a new and final soils plate (black).

re p In addition three plates for the basic colours yellow, red and blue
dufer:epared for the coloured soil map (appendix 1). Combinations of
nt intensities of these three colours were used to colour the diffe-



rent soil units, The colour separation was carried out at the Ne
Soil Suryey Institute (STIBOKA) in Wageningen, which also produc
print on "Kromecote" with a Cromalin Proofing machine.

The soil maps were finally printed in the Netherlands on an
printing machine. For the coloured soil map 7 plates were used, v
plate (topography and soils), brown plate (contour lines), blue plat
screen plate and the three plates for the basic colours. For the bl
white soil map the same black, brown, blue and green plates were usi
with the agro-climatic zones plate. ;



3. THE SOILS

3.1 PREVIOUS WORK

The FAO has carried out a rangeland survey for the range development
in Marsabit District (FAO, 1971). On a 1:500,000 map landsystems are shown,
subdivided into land units or landforms. Very brief information on geology,
soils and vegetation is given for every landform. No soil analyses or profile
descriptions were carried out. An example may illustrate the kind of informa-
tion provided: Marsabit landsystem; basalts and volcanic ashes; very shallow,
stony, brown, clay loam soils.

Bonarius (1975) has given some information on the soils of Mt. Marsabit,
but his data are mainly based on the FAO survey. He adds some information on
infiltration.

The Exploratory Soil Map of Kenya (1:1,000,000) gives already more
information on the soils, although the scale of this survey does not permit
details (Sombroek et al, 1982). Nevertheless, the boundaries of the mapping
units are in general very accurate although sometimes the interpretation of
the landforms differs from the opinion of the author of the present survey.
Several soil profile descriptions with analytical data, made by Sombroek's
team could be used for the present survey.

3.2 GENERAL PROPERTIES OF THE SOILS

ot The distribution of soil types is largely determined by physiography
Parent material, Ten major physiographic units have been distinguished.

dl'&inedMOSt soils have favourable drainage conditions. Imperfectly to poorly

it tOSoils occur in depressional areas. The organic matter content of most

lm:"m:ainpa‘st::i].s;, is very low (ochric A-horizon), whereas only some volcanic

e Soils have humus rich surface horizons. Soil depth is strongly

tloodp) as is rockiness and stoniness, except in the sedimentary plains,
Plains and dunes where the soils are very deep and not stony.

© Soils of the mountains

SOuth-~ The soils of the mountains on Basement System rocks in the south and
west consist mainly of rock outcrops and shallow, stony, coarse textured

Soils,
far S: In places very deep, reddish sandy clay loam soils occur. Soil
Hlity ig low.

°rganicThe soils of the volcanic mountains vary from deep clays with an
inesmatter rich topsoil on Mt. Marsabit to clays with a highly variable
igh S and depth on Mt. Kulal. The soil fertility varies from modérate
9 and physical properties are good.

Soi :
18 of the hills and minor scarps

ldenticThe Soils of the hills on Basement System rocks in the south-west are
al to those of the adjacent mountains but without the deeper component.

ang bOuEe Volcanic hills in the north-west have strongly calcareous, rocky
fr €ry clay soils of variable depth. Soils on pyroclastic hills differ
Clay), Preceeding ones by depth (shallow) and by texture (sandy loam to



~ Soils of the uplands

The relatively flat parts of the high level uplands of
mountains have deep to very deep clay soils with favourable physig
chemical properties, although available K and P may be low. The 8
uplands on Mt. Kulal show more profile development than those on M
A part of the uplands on Mt. Marsabit has shallow to moderately @
which are very stony and gravelly.

The soils of the low level uplands on Basement System rock!
deep to very deep with a texture of sandy loam to sandy clay loam'
rocky, very stony and gravelly, coarse textured soils. The deep St
on the nearly flat, lower slopes and the shallow ones on the tops
slopes. 3

- Soils of the plateaus

South-west of Marsabit, near the top of the mountain, deep |
deep, clay soils occur, which in places are very stony. They have
physical and chemical properties. Further south imperfectly drair
tely deep, slightly calcareous, cracking clay soils occur which T;
bouldery and very stony. These soils have unfavourable physical &
properties. &

A general characteristic of the other soils of the volcanié
(stepped, non-dissected and dissected) is the exceedingly bouldery
stony surface. They are all strongly calcareous and the texture 1
clay loam to clay. The soil itself is often stony but sometimes e
of boulders is present. This is the case east of Maikona, west of
and on the Ilaut lava plateau. Soil depth is variable. Sodic and
soils occur on the lower slopes and in low lying places. The soi
plateaus east of Kargi are shallow, non-saline and non-sodic while
Ilaut lava plateau they are deep. North of Marsabit wind blown S
cover the surface. The amount of available nutrients in the soil®
volcanic plateaus is in general sufficient.

- Soils of the footridges

The footridges on the southern slopes of Mt. Marsabit have !
deep to very deep soils with a texture of very bouldery and stony
to clay. The soils have favourable physical and chemical properti

The footridges of Mt. Kulal have an association of three S0
depending on the topographical position. ©On the lower slopes, sha:
moderately deep, strongly calcareous soils with a texture of very
or very gravelly sandy loam to sandy clay occur. The soils are
well supplied with available nutrients. The middle and upper slo
shallow to deep soils with a very bouldery to stony clay loam to €
and favourable physical and chemical properties. On the upper Swg
rately deep, dark coloured soils with a texture of very stony cla
found. These soils are sufficiently supplied with available nutr:

=~ Soils of the footslopes

The soils of the footslopes of the hills and mountains on B
System rocks in the south and the south-west of the survey area O
an association of coarse and medium textured soils. On the upper:
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slopes deep soils with a texture of loamy sand to sandy loam occur. The

soils are low in available Mg and K. On the lower slopes, very deep soils
with a sandy loam to sandy clay loam texture occur. The soils of the foot-
slopes of the Hafarin hills are more or less identical but slightly to modera-
tely sodic.

South, west and north of Mt. Kulal, shallow to moderately deep,
Strongly calcareous soils of varying salinity and sodicity occur with a stony
and very gravelly sandy loam to sandy clay texture. The footslopes of the
Longipi hills have moderately deep to deep, strongly calcareous, moderately
sodic soils with a texture of clay and a very rocky and bouldery surface. The
footslopes of the asie hills have a complex soil pattern. The dominating

characteristics are the exceedingly stony surface, the salinity and the sodi-
city.

= Soils of the piedmont plains

The soils of the piedmont plains west of Mt. Kulal are moderately deep
to deep, strongly calcareous, slightly sodic and have a texture of very stony

fine textureq soils occur. In a few pPlaces at the foot of the Marsabit lava,
deep to Very deep, very stony, cracking clay loam to clay soils are found,

which aye often saline and sodic. The soils of the piedmont plains are generally
El“ffi‘-'ie“tlir Supplied with available nutrients.

Soils of the plains

den The soils of the volcanic plains north-east of Mt. Kulal are moderately

stoﬁ to deep, Strongly calcareous and strongly sodic. They have a texture of

50113;’ ;nd/or gravelly, sandy clay loam to clay. Except for the sodicity, the
ave favourable chemical properties,

The soils of a part of the erosional plains consist of shallow, rocky
;?:i::‘mh sandy clay loam to sandy clay. The remaining part of the erosional
The 50118 covered with very deep, strongly sodic soils with a coarse texture.

" 1s are low in available nutrients. In the slight depressions between
mder::edy soils, heavy, imperfectly drained, strongly sodic and slightly to

ly saline soils are present.

teriStiThe sedimentary plains show a distinct gradient in certain ﬁoil charac-

icitcs' Going from south-west to north-east soil texture becomds finer and
&Xcept Y anq salinity increase. The soils are all very deep and non-stony,

SOuth of Kargi where a petrocalcic horizon occurs close to the surface.

In the southern and western parts of the plains an association of

two
elev:ﬁl types occur: coarse textured soils with a low fertility on slight
2 mog ONs and medium to fine textured calcareous and slightly sodic soils with

Crate fertility in the shallow depressions. A major part of the north-
ra:e;nd ceéntral part of the Hedad is occupied by very deep, slightly to
With Y sodic soils with a texture of sandy loam to sandy clay loam and
COarse textured topsoil.
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8
The eastern and north-eastern parts of the sedimentary pla‘pf
occupied by very deep, slightly to strongly saline and sodic soils ui
texture of sandy clay loam to sandy clay. These soils generally haw
soil of sand to loamy sand and an abrupt textural change to the B-k
The B-horizon has prismatic or columnar structures and a low perm
In the most north-eastern and eastern parts the topsoil is partly _
wind and water action and redeposited on top of the profile by wind, 8
creating a mesorelief of 0.50 to 2.00m. Al
|
The soils of the lacustrine plains of the Chalbi desert consif
poorly drained, very deep, strongly calcareous, strongly saline mﬂjﬂ
fine sandy loam to clay, while the soils of the lacustrine plainslfﬁ
Turkana are shallow, very stony, saline and sodic. |

b

- Soils of the floodplains k

The soils of the floodplains are very deep, calcareous, ofﬂmgé

and in places saline and have a variable texture. q
Along the Balesa river, slightly sodic, stratified soils are#

a coarse texture while in the Hedad, in places where the rivers spré®
the sodicity is non-existent and the topsoil consists of silt loam. |

- Soils of the dunes g

The dunes have somewhat excessively drained, very deep;'““T;
to strongly calcareous, strongly sodic sandy soils. The inter&mﬁlﬁ
have heavy, imperfectly drained, strongly calcareous, strongly salif®’
strongly sodic soils. F

3.3 DESCRIPTION OF THE SOIL MAPPING UNITS

3.3.1 Systematics and nomenclature

A brief description of every mapping unit is given in the L%;
the soil map (appendix 1). These descriptions reflect the characteé®
the subsoil (usually the B-horizon) above 100cm depth. Where the 4
the topsoil differs significantly from the subsoil, it has also peen

The legend of the soil map is made up of three levels. On 8
level the major landforms are separated (physiography). On the Sé&0
within each major landform, a further subdivision is made accordﬂﬂﬁ

parent material (geology). On the lowest level a separation is madf
to different soil characteristics. E:

A code system is used to identify the soil mapping units. ;}
has a particular code which is composed of 2 letters for landform &
material successively. The third code letter gives a subdivision %

different mapping units according to differences in certain soil @
The following codes are used: P

Landforms 1'

Mountains (relief intensity 300-1000m, slopes from 8 to over ff

H gil}s and minor scarps (relief intensity 50-300m, slopes frﬂmgﬁz
0% 4

U Uplands (relief intensity 10-100m), subdivided into:
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Ul High level (altitude over 1000m, relief intensity 10-100m, slopes
from 2 to over 6%)

U2 TLow level (altitude around 570m, relief intensity 10-50m, slopes 1-8%)

L Plateaus, subdivided into:
Ls Stepped plateaus (relief intensity less than 1Om, steps of 10-20m,
slopes 0-3%)
Ln Non-dissected plateaus (relief intensity less than 20m, slopes 0-5%)
Ld Dissected plateaus (relief intensity 10-60m, slopes 1-10%)
R Footridges (dissected middle slopes of volcanic mountains, relief intensity
50-200m, slopes of crests 2-8%, slopes of valley sides over 16%)
F  Footslopes (at the foot of mountains, hills and plateaus, relief intensity
less than 10m, slopes 1-8%)
Y Piedmont plains (relief intensity less than 10m, slopes 0-2%)
P Plains, subdivided into:
Pv  Volcanic plains (relief intensity 5-10m, slopes 0-2%)
Pn  Non-dissected erosional plains (relief intensity less than 5m, slopes
0~2%)
Pd Dissected erosional plains (relief intensity 5-10Om, slopes from 2 to
over 16%)
Ps  Sedimentary plains (relief intensity less than 5m, slopes 0-2%)
Pl Lacustrine plains subdivided into:
Pln Non-dissected lacustrine plains (relief intensity less than 5m,
slopes 0-2%)
Pld Dissected lacustrine plains (relief intensity 5-20m, slopes
0-8%)
A Floodplains (relief intensity less than 5m, slopes 0-2%)
D Dunes (relief intensity 2-10m, slopes from O to over 16%)
fzent materjal (geology)

"etamc’rphic Rocks

F

Gneisses, rich in ferromagnesian minerals, belonging to the Precambrian
Basement System rocks.

Undifferentiated Precambrian Basement System rocks. Includes also the
unconsolidated Quaternary sediments derived from these rocks.

Igne0us Rocks

P

v

Pyroclastic rocks; mainly Quaternary tuffs.

;ﬁrioﬂs volcanic rocks of Tertiary/Quaternary age. Basalts are obviously
Ominating, but tuffs and ashes played a role in the soil formation as
¥ell. The sediments derived from these rocks are also included.

S
NHMBntary Rocks

sandstones, probably of Tertiary (Pliocene?) age.



A Undifferentiated unconsolidated alluvial deposits of varying :
(Quaternary) :

X Unconsolidated sediments of varying origin; often a nlxt.u.u_
derived from Basement System rocks and volcanic rocks (Quat: ™

Soils

P, p, K Depth class annotations (see table 6). £
If the depth of the soil is variable within a mapping unit, ¢
shallowest depth class is indicated in the code.

Table 6. Key to depth classes

thickness soil code*t
in cm over rock over petrocalcic/
pisocalcic material
0-50 K
50-80 P
80-~120

more than 120

+
If a complex of depth ¢

asses occurs within one nit onl
shallowest depth class is indicated ’

y the
A Association of soils,

An association ¢
oceurring in a known onsists of two or O]
scale of the oy Systematic pattern which is not sep

is a
terial Combination of the
odeantg f"“’-‘ In addition a letter is :
wide vari not indicatggicf:ate the dominant slope class of
% in slope Classes, Theozoghe Mountains and hills as
Table 7, ke €S used are given in =

Y to slope classes

0-2 Name of the macro relie!
3-8 A ;1'"""‘_
at to
*4 3 gentl =5 mtly' =i
816 IS Y undulating
undulating

16-30 D

E rOlling

hilly

the 3
Ping Sgend of

the e
ts £0110y Soil map and t

- 0108911' the outline



tions given in the 1962 supplement of the "Soil Survey Manual" (Soil S ¥
Staff, 1951) and in the "Guidelines for Soil Profile Description" (FAO, 1977).

The colour indications are based on the "Munsell Soil Color Charts" (Munsell
Color Co., 1975).

The descriptions of colour, structure, consistence, salinity and sodi-
city refer to the subsoil, usually the B-horizon, unless specified otherwise.
The colour indications are for moist conditions. It has to be mentioned that
the soil during the survey in almost all the cases had to be moistened in order
to get moist conditions. This may have had influences on some observations,
especially the consistence, which very often appeared to be very friable.

Under "natural" moist conditions this could well have been friable.

Where the texture of the topsoil differs significantly from the subsoil
it is also described. This occurs only in the sedimentary plains or related
land forms. The texture differences may be one or more classes, but generally
the increase in clay content from the A to the B horizon is more than 10% or
for the coarse textures the ratio of the clay content between the B and the A-
horizon is two or more.

The degree of the salinity is mentioned in the descriptions and és g
based on the electrical conductivity of the saturation extract. Table 8 gives
the key to the salinity classes.

Table 8. Key to salinity classes

ECe (mmho/cm) name

T ——— .
0-4 non-saline
4-8 slightly saline
8-15 moderately saline
>15 strongly saline

——

tion

able sodium of the ca

The th ercentage exchange e BGATEALY
sodicity is based on e p £ S h1s 6 glvés the key p

exchange capacity (CEC at pH 8.21)).

classges,

Table 9. Key to sodicity classes

ESp name

————

0-6 non-sodic

6~10 slightly sodic

lo-15 moderately sodic

>15 strongly sodic

—_— in general clear,

and B-horizon are ned otherwise.

- A
The transitions between the adual, un
mostly gr
between the other horizons they are FAO/UNESCO legend of the

addi-
ing to the | cations in or
The soils are classified a"cor?,gm . S‘“a;iir;ogigey (siderius and

"Soi1 Map of the World" (FAO/UNESCO., the Kenya 4 and marked with an

tons to this system are deve1°§§‘liebythese have been use€

Yan der Pouw, 1980). If applic-_b////
; . t") e

S8terisk (known as the "Kenyan conce

2.3
1} for Imr.tory methods see chaPter

less mentio
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Taxonomy" (Soil §
cording to the "Soil &
The c].ass:l.:ésa.tion a:idix 4 gives the correlation table :o:m
:I.: ai:gigi tio;l gylstems- In those places where it is h:: “1“: &
c :i moisture regime is aridic or ustic, the author o o L.
zzg to his best judgement. In the correlation table bo
mentioned.

3.3.2 Soils of the mountains

Mapping unit MUC

Total area 14,200ha.

Location : This unit occurs mainly in the south-west
study area: the Ndoto mountains and some

tains in the south as well as an outlier !
in the west.

i1

Agro-climatic zone: V and vr.

Parent material . Undifferentiated Basement System rocks;

gneisses with granites and some limestone
cambrian) ., '

Relief Mountainous,

with slopes from 8 (tops) to Of
Due to the Predominantly deforested ch _
fringe of the mountains, severe rainsplash

€rosion occursg (further to the west, ©
area, a more closed natural forest is p .
led in hany places to the exposure of bare &

Erosion

Vegetation

Land use -
r a ArTaLl
occur, ng. Part of this unit heavy o

Surface rockiness
¢ Ver
stoniness ¥ TO extremely rocky .
Soils, pattern

In gener =
Towargs :1 tW0 Soil types with their interg:

he west in

Y the description of t!
* The ge L
x SCription of the o
s similar to the HuUp lmit;., mly the ..,A_'_
Soils, genera) € Mountaing que to the higher r*

dark red to dark redd
» have a texture of 88
in the B_hol_izon'profile deve lopment '1&

rock laye The soi} gradually
1ndicag o &bout 70(:111 thi

ck into the bed!
Colour * BA-hory S soil formation in situ. o
* A-hor : _
Vﬁriesfo:a; 2:% o strong brown (7.5YR ¢
B“horizon; € A-horizon is often

k Teddjish brown to M [n

'
~




texture

structure

consistence

Chemical properties

Clay mineralogy
Diagnostic properties

Soil classification
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A-horizon: sandy loam
B-horizon: sandy clay loam. The silt/clay ratio is
0.3. The clay ratio B/A horizon is 0

Porous massive, moderately to strongly coherent.

Slightly hard to hard when dry, very friable when
moist, sticky and plastic when wet.

A-horizon: the soil is insufficiently supplied with
available nutrients. The organic carbon content is
about 0.6%. The CEC is 5 me/l00g soil with a base
saturation of 50%. The pH-H20 is 6.5 (pH-KCl: 5.4).

B-~horizon: the CEC-soil is around 6.5me/100g, the
base saturation ranges from 48 to 62%, increasing
with depth. The CEC-clay is about 23me/100g.

X-ray analysis shows the presence of both kaolinite
and illite.

An ochric A-horizon and an argillic B-horizon with .
base saturation of more than 50%.

ferralo*-chromic LUVISOLS.

For the description of a representative profile with analytical data see
appendix 3, profile description no. 1 (observation no. 66-11) .

Mapping unit MV1

Total area
Location
Agro-climatic zone

Parent material

Relief

Erosion

Vegetation
Land use

Surface stoniness

Soils, general

colour

texture

14,300ha.
on the top of Mount Marsabit.

III and IV.

Basalts, tuffs and pos
although no positive reaction w
(Tertiary/Quaternary volcanics)i

nous; very irregular, undulating parts occur

sibly also weathered ashes,
ith NaF occurred

::u::ii as very steep slopes (slopes from 8 to over
o on occurs. Ir

ts hardly any erosi ¥
;:nd is used for agriculture, mode

Under natural for
sh to heavy gully erosion

the
places where
rate splash and rillwa
takes place.
e forest.

t reserve (wil

heavy grazing
11 as arable fa

However , outside

Mist montan
mals takes

Mainly fores
the reserve
place as we

diife) .
by domestic ani

rming.

tones) -
ny (basalt s
YA consist of well
y show a clear

lay skins are

None to fairl
e dark reddish brown and

to very deep, clay- The

The soils ar
yvery clear c

drained, deep

ABC rofil

prasznt in the p-horizon -
: (7.5YR A

A-horizon: dark brown bl oo )

n: dark reddis

clay; in places very stony-



structure

consistence :

Chemical properties

Diagnostic Properties:

Soil classification

For the descrip
See appendix 3, profile description

Mapping unit my2p

Total area
Location

Agro-climatic Zone

Parent material

Relief

Erosion

Vegetation

Land uge

Surface Stoninegg/
rockinegg

Soils, general

Coloyy

tion of a rep
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A-horizon: moderate, coarse, c:unbl..
B-horizon: strong, fine to medium,
angular blocky.

Slightly hard when dry, very friable wi .
sticky and very plastic when wet.

A-horizon: the soil is well supplied Hlﬂg
Ca and Mg. K and P are low. The org e
content is around 4%. The CEC is ound
The base saturation is about 70%. The .
(pPH-KCl: 4.5). ;

B-horizon: the CEC-soil is 27me/100g. I
tion is around 50%. The pH-H20 is 4.8 p
The CEC-clay is around 50me /100g.

A mollic A-horizon and an argillic B"”ﬁ
base saturation of more than 50%. '

1 A

luvic PHAEOZEMS, partly stony phase. _
resentative profile with -?}ﬂ
no. 2, observation no. 55-1:?

17,200ha.

This unit occurs on the t

op of Mount Ki ;
III ang Iv.
Mainly pasaltg,

in places also pyroclasti
(tuffs) (Pertia

ry/Quaternary volcanics).

Trest no signs of erc

; However, witn an increasing L:
with 1ivestock, €rosion increases.

reserve, wildlife.
9razing py domest{c animals takes p

k reddish brown soi
N S0il deptp toniness
oc Cances Ao
Cur Witzin ort distances. Deep s¢
i nive 2 Clay texture and shél &
B-horizon + Clay Cutans are g '

-

éie Ver, the increase in
AGIL e gy, TO FUlfi1] the req

B~
PEOfile ggyeyri?®N: Very shallos

Teddish brown (SYR 3/
Teddish brown (5YR 3
5y -
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texture : Clay; in places very stony.
structure : Strong, very fine to medium, angular blocky
consistence : Hard when d £ -
ssliiivog ry, friable when moist, sticky and plastic
Chemical properties : A-horizon: low in potassium, moderate in phosphorus

and high in calcium and magnesium. Organic C ranges
from 2.9 to a maximum of 4%. The CEC of the soil is
J8me/100g, with a base saturation of 85%. The pH-H20
is 6.4 (pH-KCl: 5.6).

B-horizon: the CEC-soil is about 22me/100g. The base
saturation decreases with depth from B0 to 60%. The
pH-H20 changes with depth from 6.3 to 6.0 (pH-KCl from
4.5 to 4.2). The CEC-clay is about 28me/100g.

Diagnostic properties: An ochric A-horizon and a cambic B-horizon.
Soil classification : eutric CAMBISOLS, stony and lithic phase.

For the description of a deep profile with analytical data see appendix
3, profile description no. 3 (observation no. 41-1).

Napping unit MvC

Total area : B,500ha.

Location . At the top of the Asie hills.

Agro-climatic zone : VII.

Parent material . Basalts, tuffs and ashes. Many small craters and
(Quaternary volcanics) .

cinder cones occur in this unit.
Slopes from 8 to over 30%.

Relief : Irregular, mountainous.

] i phora
Vegetation . peciduous shrubland with Acacia mellifera/Com.tpecies
and Euphorbia /Plect:anthus as the most common Sp .

e . Occasional grazing and browsing-.
bserva-
1y inaccessible, and no ©
Soils, general . As the area is virtually conaibiss SioHani o

tions could be made, the foll

i dt
tative one. It 1s assume ot
ct:a:‘fmaacomplex of somewhat excessively drained to we

dxﬂ. e w:y
in d; shallow to deep, Strongly CalcareOus,
Stony sa.ndy loam to Clay Soils With a low Orqal'lic
r

matter content.

hat this unit consists

%apping unit mpp

Total area : 2,500ha. the cinder cones near
on

location . The soils of this unit ocCu¥ 4 the Asie hills. sone

£ Mount Marsabit an 11 the cones

the. Eeps-@e jear crater. Not & 5

a clea occur as inclusion

of the cones have s
could be separated on the map &
in other units.

rts in Ve
l_qro—cumuc zone . Mainly 111 and 1v, minor pa e (Quaternﬂry volcmic;) .
*arent material : pyroclastic ¥ockss g jght to convex slopes
untainous with SEXa"GR. ' ity of the

e 1 Hillylzot:oover 30%. The rel:l.;; ey
cf:or:'::s and craters varies from :



slight gully erosion may occur, but will B

o : due to the highly permeable character o!’

Vegetation : Variable, from forest to perennial g an

: Near settlements, extensive grazing. In m

e the land use is limited to grazing lnd/u"

wildlife. ‘

Surface stoniness/ : Rocky and very stony. i
rockiness

The somewhat excessively drained, shallow,
brown to dark yellowish brown, very to
and gravelly loamy sand to sandy clay
ACR profile development.

Soils, general

colour ¢ A-horizon: dark reddish brown (SYR 2.5/2)
yellowish brown (10YR 4/6).

texture : Very to extremely stony and gravelly,
sandy clay. _

structure A-horizon: strong, fine to medium granular’
blocky. i

consistence A-horizon: slightly hard when dry, fri ble.

slightly sticky to sticky and slightly p
A-horizon: the soilg are low in available K
high in available ca and Mg. The organit

is 2%. The CEC is JOme/100g with a base
O0%. The pH-H20 is g.¢ (pH-KC1l: 7.6).

Only an ochric a-
eutric REGOSOLS

Chemical Properties .

Diagnostic propertiesg:

horizon.
Soil classification i

-
-

+ Stony and lithic phase. E

€€ appendix 3, profile descra L presentative profile with ar -

(observation no. 55-20)
ls of the hillg and minoy Scarps .
Mapzing unit Hyp

Total area
Location

the south-western pal

ar i
€ hills can be regarded as
rest an A
Aqro-clmauc i S (outlier inselbergs) of the Ndoto

Main) '
Parent materia) : Ma S hills occur in zone VII.
Inly migmatsege  ul
limest:one 3 9neisses and granites s
Relief Cambry g, °f the Basement System K
POBly, v i
tops Slopes rangy over .
Erosjion < SOP °f the hillg are gf::nf:g:ngtzo ‘
- ewre run :
% resu) SPlash, rjj; :
 oighac * Bare :ed e ‘msure'::ht:oﬂ bmwu'
Land yge Comni phor ghanm“t’r Part, the rest has
Surface Stoninegs v Irazing

mckinegs



Soils, general

colour
texture
structure
consistence

Chemical properties

Diagnostic properties:

Soil classification

About 70% of the area consists of bare rock, the rest
is occupied by excessively drained, shallow, dark
brown, stony to very stony, loamy sand to sandy loam
soils with an ACR profile development. 1In places the
80ils are strongly calcareous.

Dark brown (7.5YR 3/4).
Stony to wvery stony, loamy sand to sandy loam.
Weak, medium to coarse, subangular blocky.

Soft to hard when dry, very friable when moist,
slightly sticky and non-plastic when wet.

AC-horizon: the soils are low in available potassium,
low to moderate in calcium and magnesium (except in
calcareous places) but high in available phosphorus.
The organic C% is about 0.3. The CEC-soil is about
1Ome/100g with a base saturation of 100%. The pH-H20
is 7.8 (pH-KCl: 6.9). The CEC-clay is about 50me/100g.

The soils are limited in depth by continuous, coherent
hard rock.
eutric LITHOSOLS, stony phase and ROCK OUTCROPS.

For the description of a representative profile with analytical data
See appendix 3, profile description no. 5 (observation no. 66-10) .

¥apping unit Hye
Total area
Location

Agro-climatic zone
Parent material

Reljef

Erosion
Vegetation

Land use

Surface rockiness/
stoniness

Soils, general

“ping unit mp1p

"

9,000ha.

This unit comprises the stepped escarpme
Turkana and the Longipi Hills west of Mt.

nt near Lake
Kulal.

VII.

t
various volcanic rocks of which hasaitf a::v:hgerzs
obvious. However, pyroclastic materia s‘volcanicg),
mixed into the soils as well (Quaternary
th irregular slopes from 8 to over 30%. Along

Hilly wi el

faults very steep S
Slight gully erosion

Cenchrus annual gras "
Indigofera /Sericocomopsis

may occur.

1 d
sland with Commiphora shrub an
dwarfshrub overstory.

Seasonal grazing.

and exceedingly pouldery (basalts) -

Rocky
hallow
ively drained, s
ONGWhatb;:::?sstrongly calcareous ;nd
ddisndevelopment. They consis:asce
resemb

4 stony clay. The SOiisd::o:oaths et
r::zyt;: soils of unit FV2p :: 3 b R
. . on
st drainrgagi:atsr. (For the descripti

oniness

and st g
P *anit Fv2p see chapter 3

The soils are S
to deep, dark re
show an ABCR profile

1,600ha.



Location
Agro-climatic zone
Parent material
Relief

Erosion

Vegetation

Land use

Soils, general

Mheeing unit Hp2p

Total area
Location

Agro-climatjc Zone
Parent material
Relief

Erosion

Vegetation

Land use

Surface Yockiness/
Stoninegg

Soils, general

Colour

texture
Structyre

ical Propertjeg

e

g

56

Near the top of Mount Marsabit,
V and VI. ;
Pyroclastic rocks (Quaternary volclnifl?r
Hilly, with slopes ranging from 8 to ¢ g

iy

In grazed areas gully erosion occurs.
Shrubs and grasses.
Often grazing. -

The soils are identical to the soils of un
(see chapter 3.3.2).

11,200ha.

This wunit,

occurring on cinder cones
Craters, can

be found on the Marsabit
the Asie Hills ang the Longipi Hills.
Present in the middle and lower slopes of
but are too small to be mapped. £

VIiI,

few hills may fa1) into zone VI.
Pyroclastic rocks, mainly tuffs (Quate:

Hilly, with slopes ranging from 8 to ¢
Due to the ofte
€rosion Proces

Permeabiljty
Severe .

N bare character of the hilis

S€S may occur. However, due
f the rock the erosion proce

The eXcessive] 5



Soil classification
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cal i
caric REGOSOLS, stony, lithic and sodic phase

For the description of
a representati
see ve prof
appendix 3, profile description no. 6 (obsep atiéﬁ xith4;fii¥tical data

3.3.4 Soils of the uplands

(1) Soils of the high level uplands

Mapping unit Ulvl

Total area
Location

Agro-climatic zone
Parent material

Relief
Erosion .
Vegetation
Land use

Surface stoniness
80113, general

colour

texture
structure

consistence

Chemical Properties

"

1 v 900ha.

These soils occur on some relatively flat parts on
the southern and northern slopes of Mount Kulal.

IV.

Various volcanic rocks, mainly basalts and pyroclas-
tics. Some volcanic ashes may have been mixed into
the soil as well (Tertiary/Quaternary volcanics).

The small areas occupied by this unit are gently
sloping to sloping with slopes from 2-8% (slope class

BC) .
Near the villages severe splash and rill erosion occurs.
Under grazed bushland moderate splash erosion is

present.
eciduous bushland, with Carissa,

Evergreen to semi-d
e most common.

Fuclea and Rhus-Juniperus species as th

Near Gatab bushed grassland.
use practised.

Intensive grazing is the general land

Near Gatab heavy grazing takes place. Some small
cultivated plots are present.

The surface is non to slightly stony (rounded basalts) .
The soils of this unit are well drained, deep to very
deep, dark reddish brown, with a texture of clay and
an ABCR horizon sequence. The B-horizon has in places
shiny pedfaces and well developed clay skins.
ddish brown (2.5YR 2.5/4)
adish brown (2.5YR 3/4).

ry stony.
medium,

A-horizon: dark re
B-horizon: dark re

Clay; in places Ve
subangular to angular

Moderate to strong,

blocky .

Hard when dry friable when moist, sticky and plastic
r

when wet.
A-horizon: low in available £°:2:8:49nesium. The
moderate for calctug ;2? h;ge CEC of the soil is about
organic C is abou ; caturation of 85%. The pH-H20
30me/100g with 2 ?G:nd 6.6 (pH-KCl is about 5.1) -

= with a base satura-

um and phosphorus,

" -soil is 261!!9/1 i S .5).

B-horizon: the CEC™S0.) Ty apout 6.9 (PH KCL: 5m} !

tion of 85%. The P ¢ this horizon is decreasing
il The CEC-clay is



Diagnostic properties:

Soil classification

For the description of a representative profile of a ch
with analytical data see appendix 3, profile description no. 7

no, 41-2).

Mapping unit U1V2

Total area
Location

Agro-climatic zone
Parent material

Relief

Erosion

Vegetation

Land use

Surface Stoninessg
Soils, general

colour

texture
!tructure

Consiatence

chemical propertyes

Clay mineralogy

Di agno!td_c

-

e

[

.

PXopertjeg,

phase,

An ochric A-horizon and an argillic

reddish colours and some shiny ped -
eutric NITOSOLS and chromic* LUVISOLS, pa

1,600ha.

Around Marsabit town. The area has wid
to the east, outside the survey area.

Mainly zone v, bordering zone 1V.

Basalts and pyroclastics. (Tertiary lﬂ
volcanic rocks) . 13

Gently sloping, slopes from 2 to 5%, in
interrupted by small cinder cones with sti
(slope class B).

Splash and rillwash to slight gully
tracks are causing rill erosion.

Perennial grasslang with shrubs. Inp
for cultivation,

Mainly extensive i ces ple
Pires grazing. In places t

Non to fairly stony (basalts). "

¥
The soils aye well dr '
ained, deep to very d

reddish brown, have v*

a texture of clay
i:ofile development. 1n places clay cutans
Served in the B-horizon, ;
::ﬁ:;:zm dark reddish brown (2.5¥R 3/4

Zon: dark reddish brown (2.5¥R

S stony.

A~ho :

B-ho;i:g:: Strong, fine to medium,
i fin- weak, coarse Prismatic b
Sligh € to medium ancular to subangt
stigk;ly harg when dry, very friable wh
1 and Plastje when wet

_h ; iy
Ca :::1223 the soilg are well supplied ¥
g™ P 18 low ana x is low to mod
o tent Tanges from 1.9 to 2.5%:
aroumg X 17 to 28me/100g. The base satd
B-hol':l.zo 20 is 6.8 (pH-KC1:

l'l.: ¥
Saturation ::mcgc *S around 25me/100g with

80% 6.8 |
. The CEC- . T‘he pB-BZO “ hd
X-ray an Slay Ls around 45me/1009.

al
k"-""li.ni.te.wm Shows the presence of both 3%

Clay; in Place

€A ang & red cambic p-horizon.



Soil classification
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chromic CAMBISOLS, partly stony phase.

For the description of a re
presentative profile with
see appendix 3, profile description no. 8 (observation no. ng;i)ﬁ.ical o7

Mapping unit vlv3ip

Total area
Location

Agro-climatic zone
Parent material

Relief g

Erosion 3
Vegetation ¢

Land use
Surface stoniness
soil'a general

colour

texture

structure :
consistence

Chemical properties

Diagnostic properties:
Soil classification

For the description of a represeng (observation no-

5,500ha.

This unit lies at the northern site of the top of Mt.
Marsabit.

V.

Various volcanic rocks, basalts, tuff and ashes
(Tertiary/Quaternary) .

Irregular with gentle to steep slopes. Slopes from 2
to over 16% (slope class BCD). Many pyroclastic hills
occur within this unit.

Heavy (splash and rillwash) and slight gully erosion
occurs,

Evergreen to semi-deciduous bushland with perennial
grasses as understory.

Heavy grazing with domestic animals is practised.

Very stony (mainly subangular lava stones) .

The soils are well drained, shallow to moderately deep,

dark reddish brown, moderately to strongly calcareous,
ry stony and gravelly clay loam to

have a texture of ve
ed ABCR profile

clay and show a not very well develop
development.

Dark reddish brown (5YR 3/3).

Very stony and gravelly clay loam to clay.
subangular blocky.

Weak, fine to medium,
very friable when moist, sticky

Slightly hard when dry.,

and plastic when wet. it
A-horizon: the soil is moderately well tg ::];L::pzs
with available nutrients. The t'.w:ga;'.;'j;}c':l i
0.5 to 1.4%. The CEC is 21me/100g W B e o
t.';.on of 80-100%. The pH-H20 is 6.6 (p : 59

a
B-horizon: the CEC is 28me /1009 tl;? lga;’e sa;:: on
is 100%. The pH-H20 is 7.4 (pH-KCl: ©.97«
clay is around 75me/100g -

ic A-horizon and a €

CAMBISOLS, stony and

ambic B-horizon.

An ochr partly lithic or petric

eutric

phase.
jile with analytical data

tative pI“Of 55_14) .

%€ appendix 3, profile description no.
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(2) Soils of the low level uplands

Mapping unit U2F1

Total area :
Location

Agro-climatic zone
Parent material :

.

Relief :
Erosion

Vegetation

Land use

Surface stoniness

Soils, general g

colour

texture

.

structure

consistence

Chemical Properties

Clay mineralogy
Diagnostic properties:

15,000ha.

Near Korr and in the Elgess area in the sou he
of the survey area. This unit occurs on the_ﬁ
slopes of the upland areas.

VII.

Gneisses rich in ferromagnesian minerals (hoiﬂ“
biotite, amphibole, garnet) belonging to the Ba
System (Precambrian). '

Small sand dunes (obstacle dunes) especially
Korr area are being formed in many places.

Bushed dwarf shrubland. The main species are Di
eremophilum, Acacia reficiens and Commiphora speci
The condition of the vegetation is very poor du
the intense use.

Very heavy grazing by livestock. Around Korr sev
over-use.

Non stony.

The soils are well drained, deep to very deep, réd
yellowish red, with a texture of sandy loam to S
clay loam. They show a clear ABC profile developt
Clay cutans are present in the B-horizon. In pl
the soils are strongly calcareous and/or slightly #

A-horizon: dark red (2.5YR 3/6) to yellowish
S5YR 4/6).

B-horizon: dark red (2.5YR 3/6).
Sandy loam to sandy clay loam; in places fine

Strong, coarse prismatic breaking into weak, coars
angular blocky.

Hard when dry, very friable when moist, sticky ff'
pPlastic when wet.

A-horizon: the soils are moderately well supplie
available nutrients, but low in available phosph¢
The organic C content ranges between 0.2 and 0.
The CEC is about 15me/100g. The base saturation
100%. The pH-H20 is 7.8 (pH-KC1: 6.6) . y

B-horizon: the CEC soil is 24me/100g. The base
tion is 100%. The pH-H20 is 7.5 (pH-KC1l: 6.0).
few low lying places the soils are slightly sodic

moderately saline in the deeper subsoil. CEC-clé
75me/100g.

Montmorillonite, illite and kaolinite are presents

A weak ochric A-horizon, an argillic B~horizon :3F”
aridic soil moisture regime.
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Soil classification : luvic YERMOSOLS, partly saline phase.

Remark . Inclusions of soils developed on coarse textured
alluvial sediments are present in the mapping unit.

For the description of a representative profile with analytical data
see appendix 3, profile description no. 10 (observation no. 67-17).

Mapping unit UZFA

Total area . 6,200ha (slope class B), 8,500ha (slope class BC) .

Location . This unit occurs in the Korr and Elgess area in the
southern part of the survey area, on the upper and
middle slopes of the uplands.

Agro-climatic zone ¢ YRR

Parent material . Gneisses rich in ferromagnesian minerals (hornblende,
biotite, amphibole, garnet) belonging to the Basement
System (Precambrian).

Relief : Gently undulating, slopes from 2 to 5% (slope classes
B and BC). The slopes of some isolated hills may
reach 20%. Slope length is about 50-200 metres.

Erosion : Strong splash, rillwash and slight gully erosion and
deflation as well have resulted in a desert pavement.
The actual erosion processes are hampered by this pave-
ment. However small sand dunes (obstacle dunes) are
being formed in many places.

Land use : Very heavy grazing by livestock. Around Korr, severe
over-use,
Surface stoniness . The surface is slightly to exceedingly stony. Angular

and subangular gravel and stones form a desert pavement.
The material consists mainly of quartz with some feld-

spars.

Soils pattern . The soils of this unit form an association of two soil
types:

(@) Soils of the middle slopes:

Soils, general . The soils of the middle slopes are well drained, mode-

rately deep, red to dark red, have a texture of stony
and/or very gravelly, sandy loam to sandy clay loam
and show a clear ABCR profile development.

colour . A-horizon: dark red to reddish brown (2.5YR 4/4; 2.5YR
3/6; 5YR 4/4).
B-horizon: red to dark red (2.5YR 4/6 to 2.5YR 3/6).

texture : Stony and/or very gravelly, sandy loam to sandy clay
loam. The sand fraction is coarse and badly sorted and
might form up to 70% of the total fine earth.

structure : Moderate, fine to medium, subangular blocky.

consistence : Slightly hard when dry, very friable when moist, sticky
and plastic when wet.

Chemical properties : A-horizon: the soils are moderately well supplied with
available nutrients., The organic C content ranges
between 0.1 and 0.3%. The CEC is 1l4me/100g with a base
saturation of 100%. The pH-H20 is 7.8 (pH-KCl: 6.8).



Diagnostic properties:

Soil classification

(b) Soils of the tops

Soils, general

Diagnostic Properties:

Soil classification

Remark

For the descriptio
analytical data gee appendix 3

54-21).

3.3.5 Soils of the plateaus
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B-horizon: the CEC-soil is l4me/100g. Base sa
is 100%. The pH-H20 is 7.6 (pPH-KC1: 6,7).
is 70me/100g.

A very weak ochric A-horizon, an aridic moisaE
regime and a cambic or an argillic B-horizon.

luvic and haplic YERMOSOLS, stony, petric
stone-mantle* phase.

and upper slopes:

The soils of the tops and upper slopes are som
excessively drained, shallow, red to dark red &
a clear ABCR profile development. These soils
expected to have similar physical and chemic }
teristics as the soils of the middle slopes. Th
however very stony and gravelly and fairly ro
texture is loamy sand to sandy loam. Theref
CEC will be somewhat lower than that of the o

component. No samples for laboratory analysis
taken from this soil unit.

A coarse texture and characteristics of a cambi
horizon.

cambic ARENOSOLS, stony and lithic phase.

Some isolated hills rise above the uplands,
in the Korr area. They are however small and _
soils do not differ much from the rest of the-}-

n of a representative profile a haplic YERM
+ Profile description no. 11 (observation

(1) Soils of the stepped plateaus

Mapping unit Lsvip

Total area :
Location

e

Agro-climatic zone

Parent material :

Relief :

Erosion

Vegetation

Land use

Surface stoniness :

3,900ha.

35 to 50km north of Marsabit.
VII.

materials (Tertiary/Quaternary). The NaF test |
negative.

Nearly flat, slopes of 1-2% (slope class a).

Due to the occurrence of a desert pavement co
with very slight slopes no actual erosion occ

Annual grassland

LAristida/Enneapogun) with Ind
dwarf shrubs,

The vegetation cover is very low.
Occasionally extensive grazing by livestock.

Exceedingly
and gravel
bombs.

stony and exceedingly gravelly. S
consists of subangular basalts and VOl
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Soils, general . The soils are somewhat excessively drained, shallow,
moderately deep, yellowish red, strongly calcareous,
moderately sodic and have a texture of very stony and
gravelly loamy sand to sandy loam. They show a vague
ACR profile development.

colour . AC-horizon: yellowish red (5YR 4/6).

texture : Very stony and gravelly, loamy sand to sandy loam.
structure . AC-horizon: massive, slightly coherent.

consistence . AC-horizon: soft when dry, very fraible when moist,

slightly sticky and slightly plastic when wet.

Chemical properties : AC-horizon: the soil is well supplied with available
nutrients, especially P is high. The organic C content
is 0.08%. The CEC is 9.1me/100g and the base satura-
tion is 100%. The pH-H20 is 8.8 (pH-KC1l: 7.6). The
ESP is 1ll.

Diagnostic properties: Only an ochric A-horizon.
Soil classification : calcaric REGOSOLS, stony, sodic and petric phase.

For the description of a representative profile with analytical data
see appendix 3, profile description no. 12 (observation no. 43-12).

Mapping unit LsV2

Total area : 6,400ha.
Location . Southwest of Marsabit, near the top of the mountain.

Agro-climatic zone . Zone V and VI.

Parent material . Basalts and pyroclastics (Tertiary/Quaternary volca-
nics). A positive reaction with NaF was observed.

Relief : Nearly flat, slopes 0-2%, but interrupted by cinder
cones with steep slopes (slope class ARB) .

Erosion . Slight splash and rillwash erosion. Howevexr with
increasing grazing pressure, erosion will increase as
well.

Vegetation . Evergreen to semi-deciduous pushland with Acacia hockii

/Dichrostachus/Harrisonia as the main species.
Perennial grasses form the understory.

Land use . Grazing by pastoralists.
Surface stoniness . Non to fairly stony (basalts).
Soils, general . The soils are well drained, deep to very deep, dark

reddish brown, have a texture of clay (in places very

stony) and show a clear ABC profile development. Clay
cutans are present in the B-horizon. The increase in

clay content is however not always sufficient to ful-

£i1 the requirements for an argillic B-horizon.

colour . A-horizon: dark reddish prown (5YR 3/3).
B-horizon: dark reddish brown (2.5¥YR 3/5).

texture : Clay; in places very stony .

structure . Weak, medium to coarse, angular blocky.

consistence : Hard when dry, very friable when moist, sticky and
plastic when wet.



Chemical properties

Clay mineralogy

-
-

Diagnostic properties:

Soil classification

For the description of a representative profile with analyticali'
see appendix 3, profile description no. 13 (observation no. 55-16). ;

Mapping unit LsV3p

Total area
Location

Parent material

Agro-climatic zone
Relief

Erosion
Vegetation
Land use

Surface stoniness

Soils, general

colour
texture

structure
consistence

Chemical properties

.
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A-horizon: the soil is moderately well supplied i
available nutrients, only phosphorus is low,
organic C content is about 1%. The CEC is a4
/100g with a base saturation of over 60%. 1
is 6.8 (pH-KC1l: 5.6).

B-horizon: the CEC is about 17me/100g with a
ration of 75%. The pH-H20 is 6.6 (pH-KC1: 5.
CEC-clay is around 30me/100g.

Metahalloysite is dominant. Montmorillonite o
well,

An ochric A-horizon and an argillic/cambic B-hot
with reddish colours.

chromic* LUVISOLS and chromic* CAMBISOLS partlys
Phase. -

Various volcanic rocks; basalts and pyroclastics |
(Tertiary/Quaternary) , '

Mainly zone VI. The northeastern part lies in

Gently sloping with straight, regular slopes |
steps). Slopes from 1-5% (slope class AB).

Slight to moderate splash and rillwash erosion 0%

Deciduous shrubland with Acacia mellifera as the

dominant species. Perennial grasses form the
story.

Moderate grazing with livestock.

The soils are imperfectly drained, moderately @
dark reddish brown, slightly calcareous and cré
with a texture of very bouldery and very stony
They have a clear ABCR profile development. §
sides are present in the B-horizon .

Dark reddish brown (5yR 2.5/2).

Very bouldery and very stony clay.

A-horizon: strong, fine, crumb.

B-horizon: weak to moderate, coarse angular blo

Friable to firm when moist, sticky and plastic
wet,

A~horizon: the Boil'is'well supplied with avail
Ca and Mg. Available K and p are very low. T
organic C content is about 0.8. The CEC is 3

and the base saturation is 100%. The pH-H20 i8 *
(PH-KC1: 7.6). ;



Diagnostic properties:

Soil classification
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The base saturation
The CEC

B-horizon: the CEC is 35me/100g.
is 100%. The pH-H20 is 8.4 (pH-KC1l: 7.2).
is around 65me/100g.

Deep, wide cracks, more than 35% clay, slickensides
and reddish colours.

chromic VERTISOLS, stony and petric phase.

For the description of a representative profile with analytical data
see appendix 3, profile description no. 14 (observation no. 55-19).

Mapping unit LsVC1

Total area
Location

Agro-climatic zone

Parent material

Relief
Erosion
Vegetation

Land use

Soils. pattern

(a)

Surface stoniness

Soils, general

colour
texture

Structure

First component of

282,300ha.
This unit covers the major part of the Marsabit lava.

Mainly zone VII, only a relatively small part higher
on the mountain lies in zone VI.

Basalts, tuffs and ashes (Tertiary/Quaternary volcanics) .
The NaF test was positive in every observation.

Gently sloping, with straight, regular slopes of 1-5%
(slope class AB), interrupted by steps and small pyro-
clastic hills.

Where the soil is not completely covered with gravel
and/or stones, strong splash and rillwash erosion
occurs. Slight deflation takes place in places as well.

Bushed dwarf shrub, short grassland with Aristida/
Enneapogon spp., Acacia reficiens and Indigofera
spinosa as the main species.

In the remote areas only occasional grazing takes
place. In the vicinity of villages heavy grazing with
livestock is practised.

Due to the complex nature of the results of various
velcanic explosions and eruptions no clear pattern of
soil units could be mapped at the scale of this survey.
Besides the areas which are occupied by rock outcrops
and recent lava flows, two soil types could be
distinguished, which occur in a complex pattern.

the complex:

Exceedingly stony and/or gravelly. Stones and gravel
consist of various lava rocks and small carbonate
concretions.

Somewhat excessively drained to well drained, shallow
to moderately deep, reddish brown to dark brown,
strongly calcareous soils with a very stony and
gravelly, sandy loam to sandy clay loam texture. They
lie in places over petrocalcic material. In places
the soils are slightly sodic below 20cm. The soils
have a weak ACR of ABCR profile development.

Reddish brown to dark brown (5YR 4/4 to 7.5YR 4/2) .
Very stony and gravelly, sandy loam to sandy clay loam.

Weak, fine to medium, subangular blocky.



consistence

Chemical properties

Clay mineralogy

Diagnostic properties

Soil classification

For the descrip

with analytical data

(b) sSecond component of the complex:

Surface stoniness

Soils, general

colour
texture
structure
consistence

Chemical properties

Diagnostic Properties:

.

tion of a representative profile of a calcaric RE
See appendix 3, profile description no. 15 (obse
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Soft when dry, very friable when moist, slighT“
and slightly plastic to sticky and plastic when.

The soils are moderately well supplied with a
Mg and P, well supplied with Ca, but low in K
organic C content varies between 0.1 and 0.5%
soil is about 25me/100g. The PH-H20 is 8.1 (
7.2) . In places, below 20cm depth, the soils
slightly sodic with ESP values up to 8. The
ranges between 75 and 200me/100g (this high valu
be caused by volcanic ashes).

X-ray analysis shows the presence of palygorskite
illite and kaolinite.

No diagnostic horizons other than a very weak ol
horizon or a cambic B-horizon in combination
aridic moisture regime.

calcaric REGOSOLS and haplic YERMOSOLS, stone-m
Stony and partly petrocalcic and/or petric pha

Exceedingly bouldery or exceedingly stony; -=ﬁ?
of subangular basalt, often with a desert varnish

The soils are well drained, very deep, dark re
brown, strongly calcareous, slightly to strong
and slightly to strongly sodic. They have a

loam to clay and a clear ABC profile development:
the north a gypsic horizon was observed.

Loam to clay, in the topsoil extremely bouldery
The subsoil is in places slightly gravelly.

Weak, medium to coarse angular blocky to massiver!
rately coherent.

Slightly hard when dry, very friable when moist:
and plastic when wet.

A-horizon: the soils are moderately well to well
supplied with available nutrients. Available K 84
The organic C content ranges between 0.2 and 0.3
CEC ranges between 10 and 30me/100g. The base
tion is 100%. The pH-H20 is about 8.2 (pH-KCl: !
In places moderately saline (ECe of 14mmho/cm)
slightly sodic (Esp around 7).

B~horizon: the CEC ranges from 20 to 30me/100g am
base saturation is 100%. The PH-H20 is about 8
(PH-KC1: 7.0). The CEC-clay ranges from 75 to

100g. The ECe ranges between 2 and 18mmho/cm 2
ESP between 8 and 50.

A very weak ochric A-horizon, an aridic moisturé

regime and a cambic B-horizon, partly with a ¢
horizon.



Soil classification
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haplic and partly gypsic YERMOSOLS, boulder-mantle*,
saline and sodic phase,

For the description of a representative profile of a haplic YERMOSOL
with analytical data see appendix 3, profile description no. 16 (observation

no. 55-13).

Mapping unit LsVC2

Total area

Location

Agro-climatic zone

90,800ha.

This unit occurs north of Marsabit on the lower to
middle part of the Marsabit lava plateaus.

VII.

The soils of this unit are essentially the same as the soils of unit LsVCl.

They are however partly or completely covered with an irregular sand layer of
varying thickness (a few mm to more than lm). The sand is often accumulated
behind stones and small hills' in the form of small obstacle dunes. Some move-

ment of the sand still occurs.
350 micron, maximum grain size: 600 micron.

In places the sand is well sorted: M50 is
The sand is mainly composed of

quartz mixed with some volcanic minerals like olivine and augite. The sands
originate probably from the eastern side of Mt. Marsabit as no source is

known on the Marsabit lava.

Also the satellite images show clearly a striped

pattern from a southeastern-northwestern direction in the east, to a more
east-west direction in the west of the Marsabit area which coincides with the

Prevailing winds.

Mapping unit Lsxp

Total area
Location

Agro-climatic zone

Parent material
Relief

Erosion

Vegetation

Land uge

Surface stouniness

Soils, general

colour

texture

structure

consistence

4 ,800ha.

North of Marsabit, halfway to Maikona.

VII.

Cover sands mixed with ashes over basalts (Pleistocene).

Nearly flat to very gently undulating (slope class A);
in places small (active) sand dunes occur.

Some deflation with redeposition of sand occurs.

Annual and perennial grassland with Indigofera spinosa
and Acacia shrubs. The vegetation cover is very low.

Occasional grazing with livestock.

Bouldery or stony to exceedingly stony, consisting of
subangular to angular basalt.

The soils are somewhat excessively drained, moderately
deep to deep, reddish brown, moderately calcareous and
moderately sodic. The texture is very bouldery and/or
very stony sand. The goils show no profile development.
Reddish brown (5YR 4/4).

Very bouldery and/or very stony sand with a median of
300 micron and a maximum grain size of 1400 micron.
Structureless; single grain.

Loose when dry and moist, non-sticky and non-plastic
when wet.



Chemical properties

Diagnostic properties:

Soll classification

(2) Soils of the non-dissected plateaus

-
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A-horizon: the soils are well supplied with a
Ca and Mg, high in available P but low in ava
The organic C content is about 0.1%. The CEC
100g. The pH-H20 is 9.4 (pH-KCl: 8.0). The S

A very weak ochric A-horizon and a coarse

calcaric REGOSOLS, bouldery*, sodic and partly
phase.

Mapping unit Lnvl

Total area
Location
Agro-climatic zone
Parent material
Relief

Erosion

Vegetation

Land use

Surface stoniness

Soils, general

colour
texture

structure
consistence

Chemical properties

Clay mineralogy

Diagnostic properties:

g

39,100ha.

Ramatrobi lava, east of Maikona.
NEL,

Mainly basalts and ashes (Tertiary/Quaternary7€

Nearly flat, slopes 0-2% (slope class a).
None.

Very low cover of annual grasses with Aristida
Enneapogon as the most common species. :

Slight grazing with livestock.

Exceedingly bouldery and/or exceedingly stony, @
ing of subangular basalt. :

The soils are well drained, deep to very deep,

reddish brown, strongly calcareous, slightly
tely saline and strongly sodic. They have a
loam to clay loam and have an ABC profile deve

Dark reddish brown (5YR 3/4).

Loam to clay loam, in places very stony.

Porous massive, moderately coherent, to weak,
angular blocky.

Slightly hard when dry, very friable when moists
and plastic when wet. !

A-horizon: the soils are well supplied with avail
Ca and Mg, but P and K are low. The organic C
is around 0.1%. The CEC is 1llme/100g with a ba

saturation of 100%. The pH-H20 is 8.8 (pH-KC1
The ESP is 18,

B-horizon: the CEC is 1lme/100g. The base satuff
is 100%. The pH-H20 is 8.5 (pH-KCl: 7.4). From
depth the soil igs slightly to moderately sodic. |
ECe is 8.5mmho/cm. The ESP is 46 between 30 and|
depth. The CEC-clay is around 30me/100q. 9

From 15-30cm depth micas, palygorski<e and tra es
kaolinite are present. From 30-60cm, palygorskif
illite and small amounts of montmorillonite and Ka
nite are shown by X-ray analysis.

A very weak ochric A-horizon, a cambic B-horiZOl‘}}
an aridic moisture regime) .,



goil classification :

Inclusions
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haplic YERMOSOLS, boulder-mantle*, saline, sodic and
partly stony phase.

Especially towards Maikona inclusions of unit LsVC2
may occur.

For the description of a representative profile with analytical data
see appendix 3, profile description no. 17 (observation no. 43-19).

Mapping unit LnV2

Total area
Location
Agro-climatic zone :
Parent material

Relief

Erosion
Vegetation

Land use
Surface stoniness

Soils, general

colour :
texture :
structure

consistence :

Chemical properties

Clay mineralogy
Plagnostic properties:

Seil Classification :

InClusiOns

24,300ha.

Lava plateau, east of Ilaut.

VIL.

Basalts and ashes (Quaternary volcanics).
Nearly flat, slopes 0-2% (slope class A).

Slight splash and rillwash erosion occur, however
limited by the exceedingly stony surface.

Deciduous shrubland (Commiphora and Acacia species)
with dwarf shrubs and grasses as understory.

Occasionally grazing with livestock.
Exceedingly bouldery consisting of subangular basalts.

The soils are well drained, deep to very deep, dark
reddish brown and strongly calcareous with a texture
of clay loam. They show a clear ABCR profile develop-
ment.

park reddish brown (5YR 3/4).
Clay loam, in places very stony.

Weak, coarse prismatic, breaking into weak, medium to
coarse angular blocky.

Slightly hard when dry, very friable when moist,
sticky and plastic when wet.

A-horizon: the soil is well supplied with available
nutrients. The organic C content is below 0.1%. the
CEC is 30me/100g with a base saturation of 100%. The

pH-H20 is 8.2 (pH-KCl: 6.9).

around 25me/100g ahd the base
The pH-H20 is 8.3 (pH-KCl: 6.8).
The CEC-

B-horizon: the CEC is
saturation is 100%.
The deeper subsoil has ESP values up to 4.
clay is about 65me/100g.

Palygorskite, kaolinite and illite occur.

A very weak ochric A-horizon, a cambic B-horizon and
an aridic moisture regime.

haplic YERMOSOLS , boulder-mantle* and partly stony
phase.

In places the surface is less stony but the soil itself
is more stony.



For the description of a representative profile with analytici}
see appendix 3, profile description no. 18 (observation no. 54-14).,

Mapping unit LnV3p

Total area
Location

Agro-climatic zone

Parent material 2
Relief
Erosion
Vegetation £
Land use :

Surface rockiness/
stoniness

Soils, general

colour :
texture .
structure
consistence

Chemical properties

Clay mineralogy

Diagnostic properties:

Soil classification
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6,900ha.
Southwest of Mt. Kulal.
VII.

Basalts and pyroclastics (Quaternary volcanic It

Flat to gently sloping; slopes from O to 2% (slo
class A). At the edges the plateau is dissecte

Splash, rillwash and gully erosion occur but are
ever limited because of the protective stone ¢
the surface.

Annual grassland, bushed dwarf shrub; with Arist
the dominant species and Acacia mellifera, Comm}
Jatropa and Indigofera spp. as the accompanying:
and dwarf shrubs.

Seasonal grazing, however not often.

Non to fairly rocky and exceedingly stony to e
ingly gravelly. Stones and gravel consist mall
basalt, but also some carbonate concretions oct

Well drained, moderately deep, reddish brown t
reddish brown, strongly calcareous, slightly s
soils with a very stony and/or very gravelly to
slightly gravelly clay loam texture occur in thi
They show an ABCR profile development.

Reddish brown to dark reddish brown (S5YR 4/3
3/2)..

Very stony and/or very gravelly to slightly grﬁf
clay loam.

Moderate to strong, fine to medium angular to St
blocky.

Slightly hard to hard when dry, very friable whel
moist, sticky and plastic when wet. '

A-horizon: the soils are well supplied with avad
Ca. Available Mg and P are moderately high. A
K is low. The organic C content is about 0.2 t
The CEC is 35me/100g. The base saturation is 10
The pH-H20 is 8.5 (pH-KCl: 7.5).

B-horizon: the CEC is around 35me/100g. The base
saturation is 100%. The pH--H20 is 8.4 (pH-KC1:
Slightly sodic with ESP values up to 9. The CEC:
is around 105me/100g.

The dominant clay mineral is montmorillonite wi
traces of palygorskite and kaolinite.

A very weak A-horizon, a cambic B-horizon and af
moisture regime.

haplic YERMOSOLS, stony, sodic and petric phases
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For the description of a representative profile with analytical data
see appendix 3, profile description no. 19 (observation no. 41-8).

Mapping unit LnV4p

Total area
Location
Agro-climatic zone

Parent material

Relief

Erosion
Vegetation

Land use

Surface stoniness

Soils, general

colour .
texture
structure :
consistence

Chemical properties

Diagnosti c properties:

S0il claseification :

41 ,600ha.
Southwest and northwest of Mount Kulal.
VII.

Basalts mixed with pyroclastic rocks and ashes
(Quaternary volcanics).

Almost flat to gently sloping with slopes from O to 5%
(slope class B). Especially in the southern part of
the unit the various cinder cones are interrupting the
relief.

Due to the stone cover, erosion is limited to the
plateau edges and at gully sides.

Aristida/Cenchrus annual grassland with dwarf shrubs
as accessory species. The vegetation cover is very low.

Seasonal grazing.

Exceedingly bouldery and/or exceedingly stony, consist-
ing of subangular lava stones with desert varnish.

The soils are moderately well drained, moderately deep

to very deep, dark reddish brown, strongly calcareous,

slightly to strongly saline, strongly sodic. They have
a texture of clay loam to clay and a clear ABC profile

development.

Dark reddish brown (5YR 3/3).
Clay loam to clay; in places very stony.

Massive, moderately coherent to moderate, coarse
prismatic.

Slightly hard when dry, friable when moist, sticky and
plastic when wet.

A-horizon: the soils are well supplied with available
Ca and Mg; available P and K are low. The organic C
content is around 0.3%. The CEC is 1Ome/100g and the
pase saturation is 100%. The pH-H20 is 8.1 (pH-KCl:
6k)a

B-horizon: the CEC is around 40me/100g. The base satu-
ration is 100%. The pH-H20 is 8.6 (pH-KCl: 7 g T

Below 60cm the soils are slightly to strongly saline
with ECe values up to 49mmho/cm. Below 20cm depth the
soils are strongly sodic with ESP values up to 30. The
CEC-clay is around 80me/100g.

High salinity in combination with a cambic B-horizon,
or a natric B-horizon with or without a high salinity.
An aridic moisture regime.

orthic SOLONETZ, boulder-mantle*, saline and partly
stony phase and orthic SOLONCHAKS boulder-mantle*,
sodic and partly stony phase.



For the description of a representative profile with analytical
see appendix 3, profile description no. 20 (observation no, 41-16),

(3) Soils of the dissected plateaus
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Mapping unit LdVP

Total area
Location
Agro-climatic zone

Parent material
Relief

Erosion

Vegetation

Land use

Surface stoniness

Soils, general

colour

texture

structure

consistence

Chemical properties

10,700ha.

West and northwest of Kargi, as small plateau ¢
VII.

Mainly basalts mixed with ashes. Tuffs occur
(Quaternary volcanics).

Gently undulating to undulating, S1op
21) to 10% (slope classes B, BC and C).

The plateaus are dissected by gullies. Ac

is limited by a stone cover. Near Kargi se
deflation takes place, caused by over-use (tras
In places small sand dunes are being formed (obs
dunes) . i

Deciduous shrubland with Acacia senegal and Col
qgecies as the most common. Annual grasses (AF
form the understory,

Near Kargi, heavy grazing with livestock take
Further away from the settlements, only slight
occurs, :

Exceedingly stony.

Well drained, shallow to moderately deep, reddis
to dark reddish brown, non to moderately calcatt
very stony clay loam to clay soils occur in
They have an ABCR profile development.

Reddish brown to dark reddish brown (5YR 4/4 t0&

Very stony clay loam to clay with a silt/clay 1@
.75,

A-horizon: strong, medium to coarse, subangu
B-horizon: strong, prismatic, breaking into
medium to coarse, subangular blocky.

A-horizon: soft to slightly hard when dry, very
when moist, very sticky and plastic when wet.

B-horizon: very hard when dry, very friable whem®
very sticky and plastic when wet.

A-horizon: the soils are sufficiently supplied W
calcium, magnesium and phosphorus. The avail
ssium content is low. Organic C is about 0.4%.
CEC-s0il is 35me/100g with a base saturation oL
The pH-H20 is 7.3 (pH-KCl: 6.8).

B-horizon: the CEC-soil is 44me/100g. The base!
tion is 100%. The pH-H20 is 8.5 (pH-KC1l: 7.4)«
CEC-clay is about 90me/100gq.

1) In the legend of the soil map (appendix 1) the slope percentage
erronously been indicated as 1-10%.
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piagnostic properties: A very weak ochric A-horizon, a cambic B-horizon and
an aridic moisture regime.

Soil classification : haplic YERMOSOLS, stony, lithic or petric phase.

For the description of a representative profile with analytical data
see appendix 3, profile description no. 21 (observation no. 42-11).

3.3.6 Soils of the footridges

Mapping unit RVp
Total area : 16,200ha,
'Mﬁon . Southeast of Marsabit.

Agro-climatic zone : V.

Parent material . Basalts mixed with pyroclastic rocks (Tertiary/

Quaternary volcanics).

Relief . Crests are undulating with slopes of 5-8%, the valley
sides are hilly with slopes over 16% (slope class BE).

Erosion . Severe splash and rillwash and slight gully erosion.

Vegetation . Evergreen to semi-deciduous bushland with perennial
grasses as understory.

Land use Seasonal grazing.
Surface stoniness : In places stony (subangular basalt) .
Soils, general . The soils are well drained, moderately deep to very
deep and dark reddish brown, with a texture of very
bouldery to stony clay loam to clay. They show a
clear ABCR profile development.
colour .  Dark reddish brown throughout (2.5YR 3/4).
texture : Very bouldery to stony clay loam to clay.
structure .  A-horizon: moderate, fine to coarse, subangular blocky.

B-horizon: weak, medium to coarse, angular blocky with
depth merging into porous massive.

consistence : A-horizon: slightly hard when dry, very friable when
moist, sticky and plastic when wet.

B-horizon: very friable when moist, sticky and plastic
when wet. .+

%mical Properties : A-horizon: the soil is moderately well supplied with
available nutrients. The organic C content is 1%.
The base saturation is 100%. The pH-H20 is 7.9
(pH-KCl: 6.6).

B-horizon: the CEC-soil is 9me/100g. The base satura-
tion is 100%. The pH-H20 is 7.2 (pH-KCl 6.1). The
CEC-clay is 12me/100g.

Cla
& Y mineralogy : Kaolinite is the dominating clay mineral.
a
s“m“ic properties: An ochric A-horizon and a cambic B-horizon.
1 ha
" Classification : ferralic CAMBISOLS, bouldery* and partly petric phase.

see o For the description of a representative profile with analytical data
PPendix 3, profile description no. 22 (observation no. 55-22).
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Mapping unit RVA

Total area 46,000ha.

e

Location : On the footridges of the middle slopes of Mt. K

Agro-climatic zone : Mainly V, some of the lower parts fall into zone
Parent material

.

Basalts, tuffs and ashes of which the basalts af
dominating (Tertiary/Quaternary volcanics).

Relief : Gently undulating/undulating to mountainous. Tt
of the crests are 2 to 8%. The slopes of the w
sides are over 16% (slope class BE). ,

Soil pattern : The soils of the footridges form an association
three units, depending on the topographical p
Soils of the upper, the middle to upper and
slopes. Erosion, vegetation and other chara

are also related to the topographical position @
the soils.

(1) Upper slopes of the footridges:

Erosion The present erosion is very slight due to a

surface.

Vegetation : Deciduous woodland with dwarf shrub understorﬁi
dominant species is Acacia drepanolobium with D

perma eremophilum in the understory together
perennial grasses.

Land use : Grazing.
Surface stoniness : Stony to exceedingly stony.

Soils, general : The soils of this unit are well drained, mode
deep, dark reddish brown to dark brown, and in
strongly calcareous. They have a texture of
stony clay loam to clay and show a clear ABCR
profile development.

colour : The colour of the whole soil profile ranges f f?
reddish brown to dark brown (5YR 3/2 to 7.5YR 3/

texture : Very stony clay loam to clay with a silt/clay rab
of about 0.85.

structure : The whole profile has a moderate to strong, fine'
medium, subangular blocky structure.

consistence : Slightly hard when dry, very friable when moists
and plastic when wet.

Chemical properties A-horizon: from only one profile, developed on E

data on available nutrients are known. This soil
sufficiently supplied with available nutrients,®
available potassium is very low. The organic C_
content ranges from 1.3 to 2%. The CEC-soil is®
30me/100g. The base saturation is 100%. The ph-
ranges from 6 (on tuffs) to 8 (on basalts) (pH-H
5.4-6.7). The CEC-clay ranges from 60 (on basa¥
1loOme/100g on tuffs,
Diagnostic properties

Soil classification

A mollic A-horizon and an ustic moisture regime:

haplic and calcaric PHAEOZEMS, stony and petric F
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For the description of a representative profile with analytical data
see appendix 3, profile description no. 23 (observation no, 41-9).

(2) Middle and upper slopes of the footridges:

Erosion

Vegetation

Land use 2

Surface stoniness :

Soils, general

colour
texture
structure
consistence

Chemi cal Properties

Clay mineralogy :

Di
gnostic properties :

8
0il Classification

Severe splash and rillwash erosion takes place,

which results in an exposure of rounded basalt boulders.j
This cover of boulders will help prevent further .
erosion.

Deciduous woodland with dwarf shrub understory. The -
main species are Acacia etbaica, A. nilotica and
Duosperma eremophilum. Associated perennial grass
species are Chrysopogon plumulosus, Themeda triandra
and Dichanthium insculptum.

Wet season grazing takes place from time to time,
however not every year.

Stony to exceedingly stony, consisting of basalt.

The soils of this unit are well drained, shallow to ﬁ
deep, dark reddish brown and in places calcareous, T A
with a very bouldery to stony clay loam to clay . o
texture. They show a clear ABC profile with in placaﬁ
well developed clay skins on ped faces. i

park reddish brown throughout (5YR 3/3 and 2.5¥YR
2.5/4).

Very bouldery to stony clay loam to clay. The silt/
clay ratio for the B-horizon is about 0.7.

Weak to moderate, medium to coarse, subangular blocky.
In clay soils a weak prismatic structure may exist.

Slightly hard to very hard (for clay) when dry,
friable when moist, sticky and plastic when wet. ‘

A-horizon: the soils are moderately well supplied with .
available nutrients. The organic C content is about
1%. The CEC-soil ranges between 30 and 40me/100g. § N
The base saturation ranges between 73 and 82%. The
pH=-H20 is about 6.8 (pH-KCl: is about 5:8) ¢

f

B-horizon: The CEC-soil ranges between 25 and 35me/
100g. The base saturation is about 90%. The pH-H20 °
is 7.5 (pH-KCl: 6.0). The CEC-clay ranges between 60

and 80me/100g. :ﬁ ;
X-ray analysis shows amorphous minerals with traces ﬁh,p:
of illite and kaolinite and a few traces of paly- !
gorskite.

An ochric A-horizon, a cambic B-horizon and partly an
argillic B-horizon.

eutric and chromic* CAMBISOLS and partly chromic*
LUVISOLS, bouldery* and partly petric phase.

see o For the description of a representative profile with analytical data
Prendix 3, profile description no. 24 (observation no. 41-10).

(3)

Lower slopes of the footridges:
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Erosion

Vegetation

Land use

Surface stoniness

Soils, general

colour

texture

structure

consistence

Chemical properties

Diagnostic properties

Soil classification

Mapping unit RVC

Total area
Location
Agro-climatic zone
Parent material
Relief

Vegetation

Land use

Soils, general

"

76

Due to the almost complete cover of the surface)
gravel and stones, hardly any erosion takesp{;

Deciduous bushland to shrubland with succulent
shrub understory. The main species are Acaciat
fera, Acacia reficiens, Commiphora spp. and &
of Euphorbia and Plectranthus. Grasses form ti
lowest story.

Slight seasonal grazing.

Very stony to very gravelly. The gravel on h
consists of lava parts and carbonate concretion
stones are composed of basalt. ]

The soils are well drained, shallow to modera

deep, dark reddish brown to dark brown, strong
reous, have a texture of very stony and/or ve
sandy loam to sandy clay and show a weak ABCR pr
development. 1In places they have a calcic ho 2

Dark reddish brown to dark brown (5YR 3/4 toﬂ?

Very stony and/or very gravelly, sandy loam Uﬁ;
clay.

Weak to moderate, fine to medium, subangular b

Soft when dry' very friable when moist, .
sticky and slightly plastic when wet.

A-horizon: no figures about available nutrien a
known but the fertility and other chemical pr
of this unit might be similar to that of unit

A weak ochric A-horizon, a cambic and/or calci&
horizon and an aridic moisture regime. '

haplic and calcic XEROSOLS, stony and partly 1ith
or petric phase.

14,800ha.

On the eastern slopes of the Asie hills.
VII.

Basalts, tuffs and ashes (Quaternary V°1°a“i°ﬂ;

The crests are gently undulating to undulating &
with moderately steep to steep slopes (over 16%
the valley sides (slope class CD).

Deciduous shrubland with succulent dwarf shrub U
story. Commiphora with Euphorbia and Plectrﬂ>i

Occasionally grazing.

Due to the inaccessibility of the area no fie
observations could be made. It is expected thd
soils form a complex of well drained, shallow ¥
strongly calcareous, very stony soils with vaks
colour, consistency and texture. They have a V¢
exceedingly stony surface.
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3.3.7 Boils of the footslopes

Mapping unit FUI

Total area
Location

Agro-climatic zone
Parent material

Relief

Erosion

Vegetation

Land use

Surface stoniness

Soils, general

colour
texture

structure

consistence

Chemical Properties

Clay Mineralogy

.

.

.

D,
ummatic Properties:

So
U Classification

3,5@11&.

At the foot of the Hafarin hills in the southern part
of the Hedad.

VII.

Unconsolidated sediments derived from undifferentiated
Basement System rocks.

Flat to nearly flat, slopes from 0-2% (slope class A).

Strong splash and rillwash and very slight gully erosion
occur in this unit.

Dwarf shrubland with annual grasses as understory.
main species are Indigofera spinosa and Aristida
mutabilis. A perennial grass which occurs as well is
Dactylanium.

The

Wet season grazing by livestock of pastoralists.
None.

The soils are well drained, very deep, reddish brown,
slightly to moderately sodic and have a texture of
sandy loam to sandy clay loam. They have a clearly
developed ABC profile, with clay cutans in the B-hori-
zon,

A-horizon: yellowish red (5YR 4/6).

B-horizon: reddish brown (5YR 4/4).
A-horizon: loamy sand.
B-horizon: sandy loam to sandy clay loam.

Weak, medium, subangular blocky.

A-horizon: soft when dry, friable when moist, non
sticky and non plastic when wet.

B-horizon: hard when dry, friable when moist, sticky
and plastic when wet.

A-horizon: low in available nutrients except for P
which is moderate to high. The organic C content
varies between 0.l and 0.2%. The CEC is 5me/100g.
base saturation is 100%. The pH-H20 is 8.0’ (pH-KC1:
6-8) L]

B-horizon: the CEC-soil is about 1Ome/l100g with a base
saturation of 100%. The pH-H20 is 7.5 (pH-KCl: 6.0).
The soils are slightly to moderately saline with ECe
values from 7-10mmho/cm below 1lOcm and slightly to
moderately sodic with ESP values up to 1O below 50cm.
The CEC-clay is around 45me/100g.

X-ray analysis shows the presence of illite, kaolinite
and a mixed layer mineral in about equal amounts.

The

A very weak ochric A-horizon, an argillic B-horizon
and an aridic moisture regime.

luvic YERMOSOLS, sodic phase.
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The middle to upper slopes of the Mt. Kulal footridges
with typical Acacia nilotica trees.

The piedmont plain west of Mt. Kulal with Acacia tortillis
trees and Indigofera spinosa dwarf shrubs.



The footslopes of the Ndoto mountains near Ngurunit. The
surface shows signs of erosion caused by heavy grazing
pressure.

The road to Loyangalani descending the scarp at the
eastern shore of Lake Turkana. South Island is in the
background.
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For the description of a representative profile with analyti‘=f
see appendix 3, profile description no. 25 (observation no. 54-11) .

Mapping unit FUA

Total area

Location :

Agro-climatic zone :

Parent material :
Relief

Erosion :
Vegetation

Land use :

surface stoniness

Soil pattern

(1) Upper and middle slopes:

Soils, general

colour

texture

structure

78

21,500ha (slope class B); 17,400ha (slope class

This unit is located at the foot of the mourn
hills in the southwestern part of the survey &

Zone VI and VII.

Unconsolidated sediments derived from undifﬂi
Basement System rocks.

Gently undulating to undulating, slopes from 1
with the majority of the slopes below 4% (slo¥
B and C).

Strong splash and rillwash erosion and slight
gully erosion are common. The severeness O
erosional processes is linked with the land
and the location. Severe gully erosion O urs
at the foot of the mountains.

Deciduous bushland with dwarf shrub unders.'
Acacia senegal, A. reficiens, A. tortilis @
Commiphora and Duosperma species as the mo

Heavy grazing is practised, especially neat &

In places very few stones occur on the upper
(subangular and angular Basement System rOCKSHE

E

The soils of this unit form an association
textured and medium textured ones. The coa
soils occur on the upper and middle slopes: *
medium textured soils occur on the flatter *
Where the bedrock was exposed (e.g. in gul
sharp transition from the soil to the bec
noticed. Therefore the soils do not seem
formed in situ on the parent rock, but on
material.

The coarse textured, red soils are somewhat =
drained and moderately deep to very deeps g
calcareous subsoil may occur in places. .
petrocalcic horizons may be exposed, which &
very deep in the profile. The soils sho¥
profile development. Clay bridges petween °
grains or cutans are often present in the =5

A-horizon: yellowish red (5YR 4/6) to gark P
3/4). |
B-horizon: red (2.5YR 4/6 to 4/8). 3

Loamy sand to sandy loam. The percentaqﬂi?
about 80. The sand is coarse and poorly ==

A-horizon: massive, weakly coherent, preats
weak, fine to medium, subangular blocky.
B-horizon: porous, massive, weakly coheren®



consistence : Slightly hard when dry, very friable when moist,
| slightly sticky and slightly plastic when wet.
! ﬂWﬂcalmeperties : A-horizon: the soils are moderately well supplied with

available phosphorus. Available calcium is high;
available magnesium and potassium are low. The organic
C content is about 0.3%. The CEC is about 6me/100qg.
The base saturation is 100%. The PH-H20 is about 8.0
(pH-KC1: 7.4),.

B-horizon: the CEC-soil is about 6me/100g. The base
saturation is 100%. The pH-H20 is 6.8 (PH-KC1: 5.2).
The CEC-clay is about 60me/100qg.

D s
lagnostic Properties: An ochric A-horizon, a coarse texture and characteris-
tics of a cambic or an argillic B-horizon.

luvic and cambic ARENOSOLS, partly stony and/or petric
phase.

Soil classification

For
see ap the descri

ption of a representative profile with analytical data
Pendix 3, profi

le description no. 26 (observation no. 66-8).
{2] Iwer slopes .
Soi),

$1 genera) The medium textured, red to reddish brown soils are
well drained and very deep and show a clear ABC profile
development. Clay skins and/or bridges are present in
most of the B-horizons.

colour : A-horizon: dark reddish brown (2.5YR 3/5).
B-horizon: red to reddish brown (2.5YR 4/6 to 5.4YR 4/4).

texture Sandy loam to sandy clay loam. The percentage of
(coarse, poorly sorted) sand is more than 70.

Structyre Porous massive, breaking into weak, fine to medium,
subangular blocky.

Consistence

Hard when dry, friable when moist, slightly sticky and
plastic when wet.

calpmpel‘ties ¢ A-horizon: the soils of this unit are moderately well
supplied with phosphorus. Available calcium, magnesium
and potassium are low. The organic C content is very
low: 0.1-0.2%. The CEC-soil ranges from 8 to 15me/100gq.
The base saturation is 100%. The PH-H20 is about 7.0
(PH-KC1: 5.5),

B-horizon: the CEC-soil reaches a maximum of 15me/100g
in the B-horizon. The base saturation is 100%. The
PH-H20 is about 7.7 (pH-KCl: 6.6). The CEC-clay is
about 75me/100g.

Sty
W pr°PErties: An ochric A-horizon, an argillic B-horizon and an aridic
Sofy moisture regime.

Cas
Sification | luvic YERMOSOLS.

“‘qm:?'the description of a representative profile with analytical data

' Profile description no. 27 (observation no. 67-15).

%’\
it pyip
Yoty

9,500ha (slope class A) ; 44,200ha (slope class B).
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texture
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structure :

~ consistence

-5
g
;

nmostic properties:

classification :

7 unit FV3P

. For the description of a represe 41-26)
appendix 3, profile description no. 29 (observation no- i

8l

6,400ha.
East of the Longipi hills.
VII.

pasalts mixed with ashes and other pyroclastic mate-
rials (Quaternary volcanics) .

Gently sloping, slopes 2-6%. The slope is irregular
due to various basalt outcrops (slope class B).

Nil.

Annual grassland (Cenchrus) with a few dwarf shrubs
and shrubs (Indigofera spinosa and Commiphora) . Very
low cover.

sporadic seasonal grazing.

very rocky and exceedingly bouldery, consisting of
angular basalts, in places with phonolitic characte-
ristics.

The soils are well drained, moderately deep to deep.
dark reddish brown, strongly calcareous and moderately
sodic. They have a texture of clay. They show a clear

ABC profile development. In places clay skins are
present on the ped surfaces in the B-horizon. cracking

occurs in places as well.

park reddish brown (5YR 3/4) .

Clay; in places very stony.

Massive, strongly coherent, preaking into weak, coarse;
angular blocky.

Hard to very hard when dry. very friable when moist,
sticky and plastic when wet.

A-horizon: the soils are well supplied with available_P,
ca and Mg, but low in available K. The organic C
content is 0.2%. The CEC is 33me/100g. The pase satura-
tion is 100%. The pH-H20 is 8.6 (pH-KCl: 7.4).

4 32me/1009 and the base
saturation is 100%. The pH-H20 is 8.3 (pH-KCl: 7:3).

The soils are non saline but moderately sodic from 50cmd
downwards, with ESP values of 9. The CEC-clay is aroun
66me/100g.

A very weak ochric A-horizon,
aridic soil moisture regime.
haplic YERMOSOLS, boulder-mantle*, sodic and partly
stony and/or petric phase and ROCK OUTCROPS .

ntiative profile with analytical data

a cambic B-horizon and an

21,700ha.
East side of Mount Kulal.
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: Occasional grazing with livestock.

Exceedingly stony and or exceedingly gravelly mainly
consisting of basalt.

. The soils form a complex of the soils of unit FV1P which
occur mainly at the western side, and of the soils
described below.

Soils, general . The latter are well drained, deep to very deep, dark
reddish brown, strongly calcareous, strongly saline,
strongly sodic, slightly gravelly to gravelly clay loam
soils which show a clear ABC profile development. Some
clay-cutans may be present in the B-horizon.

_'*ﬂnlour . park reddish brown (5YR 3/3).

_,#&kture : Slightly gravelly to gravelly clay loam, in places
very stony.

- structure : Porous massive, moderately coherent, to weak, fine to

medium, angular blocky.

consistence : Slightly hard to hard when dry, friable when moist,
sticky and plastic when wet.

Chemical properties : A-horizon: the soils are well supplied with available

. Ca and Mg but very low in available K and P. The
organic C content is around 0.2%. The CEC is 33me/100g
with a base saturation of 100%. The pH~H20 is 9.2
(pH-KCl: 8.2). The ESP ranges between 15 and 40.

B-horizon: the CEC is 27me/100g. The base saturation
{s 100%. The pH-H20 is 9.2 (pH-KCl: 8.2). The ESP
ranges between 30 and 70. Sstrongly saline from about
50cm downwards with ECe yalues of about 20mmho /cm.
salinity and sodicity will be less on middle and upper
slopes. The CEC-clay is around 85me/ 1009 .

a cambic B-horizon and

Diagnostic properties: A eak ochric A-horizon,
< et M n places the soil is

an aridic moisture regime. T
strongly saline.

Soil classification : haplic YERMOSOLS, ston
stony phase and partly orthi
and sodic phase.

e-mantle*, saline, sodic and partly
¢ SOLONCHAKS stone-mantle*

e of an orthic SOLONCHAK
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:?miz ytical data see appendix 3, profile description no.
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Diagnostic préperties:

Soil classification
.:%329&“13 area may

sweet water.

water.

e

igneous rocks of Mt. Kulal as well as from organ

.;;i’”'uf the description of a representative prof
appendix 3, profile description no-.
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Nearly flat with slopes from O to 2% (slope class A).
Moderate to severe rill and gully erosion.

Woodland with dwarf shrub understory. Acacia tortilis,
Salvadora persica and Suaeda species are the most
common .

Heavy grazing by livestock.
as a salt-lick.

In places the area is used

Non to slightly stony.

The soils of this unit are moderately well drained,
deep to very deep, dark reddish brown, strongly calca-
yeous, strongly saline and strongly sodic. They have
a texture of sandy clay loam to clay and show an ABC
profile development over soft secondary limestone.

A-horizon: dark brown (7.5YR 3/3).
B-horizon: dark reddish brown (5¥YR 3/3).

Sandy clay loam to clay, in places very stony.

A-horizon: porous massive, weakly coherent, breaking
into weak, medium crumbs.
B-horizon: moderate, COarse, angular blocky.

Hard to very hard when dry, very friable to friable
when moist, sticky and plastic when wet.

A-horizon: the soils are well supplied with calcium
and magnesium. potassium and phosphorus are low. The
organic C content is about 0.2%. The CEC-soil is 30
me/100g. The base saturation is 100%. The pH-H20 is
about 8.4 (pH-KCl: 7.0).

the CEC-soil is about 35me/100g. The base
The pH-H20 is about 8.2 (pH-KCl:
7.1). Below 50cm depth strongly saline and strongly
sodic with an ECe of 25mmho/cm and gSp values from 14
to 19. The CEC-clay is about 100me/100g.

A high salinity.
orthic SOLONCHAKS, sodic and partly stony phase.
n, filled in with stagnating

originate from the basic
isms growing in the

B-horizon:
saturation is 100% .

well have been & closed basi
The calcareous deposits may
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33 (observation no. 42-17).

4 ,800ha .

At the edge of
of Korr and nor

VII.

Unconsolidate
rocks.

the Marsabit lava, east and northeast

theast of Kargi.

4 sediments derived from various yolcanic




Relief :
Erosion :
Vegetation 2
Land use :
Surface stoniness :
Soils, general g

colour :

texture :

consistence t

Chemical properties
Salinity, sodicity .

Diagnostic properties:
Soil classification :

Mapping unit yvc

Total area
Location

..

Agro-climatic zone :
Parent material :
Relief

Erosion

Vegetation

Land use
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Almost ﬂnt with slopes from 0-2% (slope class A).

Slight splash and rillwash erosion and deflation. The
erosion ‘i__d limited due to the stoniness of the surface.

Temporary flooding may occur.
Annual grassland with a few dwarf shrubs and shrubs.

Seasonal grazing,

Exceedingly stony,

Only one augering was made in this unit, but together
With surface observations it is assumed that the soils
have the following characteristics. The soils are
imperfectly drained, deep to very deep, reddish brown,
strongly calcareous, moderately to strongly saline and
moderately to strongly sodic, with a texture of very
stony clay loam to clay. They show an ABC profile deve-
lopment. In places the soil is cracking.

Reddish brown (5YR 4/6) .
Very stony clay loam to clay.

Hard when dry, very friable when moist, sticky and
plastic when wet,

Probably Comparable to the soils of unit AAS.

Moderately to strongly saline and moderately to strondl
sodic,

A very weak ochric A-horizon, a cambic B-horizon and )
an aridic moisture regime. In places vertic properties:

"aplic and partly vertict yrmuosors, stony, saline and
sodic phase,

12,800ha (s1ope class A); 3,700ha (slope class AB)-

At the southeastern side of Mt. Kulal, on the lower
slopes,

The western part of thig unit falls in zone VI, the
€astern part in Zone VII.

mﬂonsolidated sediments derived from various volcanic
rocks including agheg (Pleistocene) .

Nearly flat to gentl _5%
¥ sloping with slopes from O
(slope classes A and ap op .

with dwarf shrub understory. The
c¢ia mellifera, A, reficiens,
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SS : Exceedingly bouldery to stony and/or very gravelly.
: The texture of the pavement ranges from gravel to
e boulders. The stones consist of subangular and
IS0 q 7 rounded basalt.

3

The soils of this unit are variable within short
distances. They vary in depth, texture, stoniness,
sodicity and salinity and also in profile development.

2y Some soils show a clear ABC profile development, where-
g as others have only an AC profile. 1In general the soils
R A are well drained, moderately deep to very deep, dark
0 nac reddish brown to dark brown, strongly calcareous, mode~
o rately to strongly saline and slightly to strongly sodic.
o B They consist of very stony to gravelly, sandy clay loam
to clay.

Dark reddish brown to dark brown (5YR 3/2 to 7.5¥YR 3/3).

Very stony to gravelly, sandy clay loam to clay.

.

variable.

{
.

stence : Variable.

srties : A-horizon: the soils are moderately well supplied with
available Mg, well supplied with ca and P but low in K.
The organic C content ranges between 0.1 and 0.5%. The
CEC-soil is about 30me/100g. The base saturation is
100%. The pH-H20 is about 8.6 (pH-KCL: T4

B-horizon: the CEC-soil varies from 20 to 40me/1009.
The base saturation is 100%. The pH-H20 ranges between
8 and 9 (pH-KCl: 7.1 to 7.8Y. Moderately to strongly
saline (ECe up to 17mmho/cm) and slightly to strongly
sodic (ESP up to 40) . The CEC-clay ranges from 60 to

200me /1009 .

i1s of the plains

[1s of the volcanic plains

: 6,000ha.

Between Mt. Kulal and Asie h

montaneous plain. : 7
y a small part at the western margins

i1ls forming an intra-

~zone : Mainly viI, onl
of the unit falls in zone VvI.

Basalts and pyroclastic materials, including ashes

(Quaternary volednics) -
Almost flat, slopes o-1% (slope class A) .

. Slight splash and rillwash e

- - g
'

'—l

L]

rosion.

to shrubland, with Acacia
Bushed annual grassland
mellifera, A. reficiens, Commiphoraispp. and Duosperma
eremophilum as the most common speciles.

occasional grazing in the wet season.

1y and/or stony consisting of angular to
alt and carbonate concretions. -

Very gravel
rounded bas
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gene are well drained moderately deep to deep,
pro pp : ::kmlh brown, ltrmgl'.y calcareous and strongly
lod:l.e.,iith a texture of stony and/or gravelly sandy clay
loam to clay. They show a clear ABCR profile develop-
ment with clay-cutans in the B-horizon. 1In places the
soil is cracking,
colour ¢ Dark reddish brown (5YR 3/3).

texture : Stony and/or gravelly sandy clay loam to clay.
structure . :. Weak to strong, mediwm to coarse, angular blocky.
consistence h-hﬂ'!_‘_'_i.‘loqs Soft when dry, Very friable when moist, sticky

and plastic when yet. _ .
B-horizon: hard when dry, friable when moist, sticky an
plastic when wet,

Chemical properties

|
&
s
@
g

moderately high in available

P and Mg, high in Ca, but low in K. The organic C
content is about 0,54, The CEC is 30me/100g with a base
saturation of 1003, The pH-H20 is 8.5 (pH-KCl: 7.6).

B-horizon: the cge is around 20me/100g and the base 1-
Saturation is 1003, The pH-H20 is around 8.8 (pH—KCB-
7.7, Strongly sodic frop 20cm with ESP values of 28.
The CEC-clay ig about 60me/100g.
Clay mineralogy ¢ Montmorillonjte i the dominating clay material. Paly-
rskite and kaolinite ocoyr in small amounts.
Diagnostic properties: 3 Very weak ochric

Soil clusificatim : Iw.ta-. and caleie

& Trepresentative Profile with analytical data
See appendix 3, profile description po, 34 (observation no. 42-19),

(b) Soils of the non-dissected erosional plains
Mappi

PPing unit pngp

Total area * 6,000ha,
Location ¢ Southeast of-lhikom.
Agro-climatic zone ¢ VII,

Parent material

Relief * Flat to hearly flat, Slopes 0-23% (slope class a).

i i : f‘tmg Splash ang Tillwash erosion has resulted in tl.lz
Ormation of , SEIt pavement. The actual SEUNLIOD. -
United to g1y e PRAASHANA r111 erosion and slight
deflatjop

Vegetation  Nearly paye to annua) grassland with a few rndigofera
WArE shrypg.

',
Land use : %im grazing with livestock.
Surface rockiness/ . g :

‘eme 1y 115,
stoniness S Tocky and #Xceedingly stony ang grave
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The soils are excessively drained, shallow and reddish
brown. They have a very stony and very gravelly,
sandy clay loam to sandy clay texture and show a weak
ACR profile development.

: Reddish brown (5YR 4/4).
H Zig-stony and very gravelly, sandy clay loam to sandy
: Weak, medium, subangular to angular blocky.
: Slightly hard when dry, very friable when moist, sticky
and plastic when wet.
properties : No samples were taken.
properties: Soil depth limited by continuous coherent and hard rock.

ification : eutric LITHOSOLS, stony phase. '

: 3:30011&.
. Southeast of Maikona.

..:-_.' zone . VII.

- Quartzitic sandstone, with bands of conglomerate

("Turkana grits"/Miocene?) .

: The general slope is 0-2%, however due to erosion and
redeposition of the topsoil, a gently undulating meso=
relief exists (slope class B) .

. Strong splash and rillwash erosion and heavy deflation
occur. Deposition of silty materials takes place in

the closed depressions.

Annual grassland with dwarf shrubs. Aristida mutabilis
and Indigofera spp. are the most common. A single
Balanites may be present. 1ol

Heavy grazing and browsing.

Exceedingly gravelly, consisting of fine, subangular
quartz gravel with a diameter of less than 4mm.

: The soils of this unit form an association of sandy and
clayey soils. The sandy soils form the slightly higher
lying parts, while the latter occur in depressions.

Higher lying parts:

somewhat excessively

5, general . The dark red sandy soils are
G drained, very deep and strongly sodic. They have a not
. very well developed ABC profile.
e b e ) . &
~ colour . A-horizon: dark reddish Drove (2.5YR 3/4).
= B horizon: ark red (2.5YR 3/6):
: texture : Very coarse, loamy sand; maximum grain size is 3mm

(fine gravel) . . Py
structure . Massive, weakly coherent to single grain.

consistence
and slightly plastic when wet.




Diagnostic Properties:

Soil classification :

(2) Depressions:
Soils, general $

colour ‘3
texture :
structure :

consistence :

Chemical Propertieg :

Diagnostjc Propertiesg,
Soil classification H

A-horizon: the soils are low in available nutrients apg
very low in available K, The organic C content ranges
between 0.1 ang 0.2%. The CEC is about 4me/100g witha
base saturation of 100%. The PH-H20 is 8.2 (pH-KCl:
6.9). The ESP is around 28,

B-horizon: the CEc is 8me/100g and the base saturation
is 1008, The pE-r20 is 8.q (PH-KC1: 6.9). Strongly
sodic, with Esp values up to 55 between 10 and 50cm,
The CEC-clay is around 50me/100g.

Coarse texture, Characteristics of a cambic B-horizon
and an aridic moisture regime.

wa'mmam, sodic phase.

strongly sodic, They show a well developed AEBC profile

t. An abrupt textural change exists between
the AE ang the B~horizon,

AE~horizon, dark reddish brown (2.5yr 3/4).
B~horizon. dark reddish brown (2.5YR 3/4).

te, coarse, columnar merging with

depth into strong, medjunp to coarse, angular blocky.
AE-horizon: soft + loose when moist, non sticky
and non Plastic when wet y
B~horizon, YoX¥ hard when gy, friable when moist,
Sticky ang Plastic when wet,

A—horl.zon:

the soilg are Moderately well to well
Supplied witp available ca and Mg, while available K 5
and P are 1o, The organjc ¢ content is about O'lﬂoé&
The CEC ig 3.&!9/100:; and the base saturation is 10056.
The pH-g2g is 8.0 (PH-KC] . 6.9). The ESP is around
B-horizon: tne e '8 around 8me/100g and the base
Saturation i 1008, mhe PH-H20 is 8.0 (pH-kc1: 7.9)-

low 1
depth the 80ils are slightly to moderately
saline wity ECe valye

8 of 9.5mmho/cm. The ESP is
Around 33, ~clay is 26me/100q.
An ochrje R-horiZOn and a natrjc B-horizon.
Orthic sorongy;,

Saline Phase,

For the dascription of a re ) ta
Tep nta 1 da
See appendix 3, Profile description - Ntative profjie with analytica

Total area

no. 35 (ohsarvation no. 43-16).
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Southeast of Maikona.
VII-

Quartzitic sandstone with gravelly layers ("Turkana
grits"/Miocene?) .

Irregular; from gently undulating in the west to hilly
in the east; slopes 2 to over 16% (slope class BCD).

Strong splash, rillwash and gully erosion.

Nearly bare to annual grassland with a few Indigofera
dwarf shrubs.

Occasional grazing.
Very rocky and very stony and/or gravelly.

The soils are similar to those of the PnSP unit.
Towards the west the soils are covered with small sand
dunes which are increasing in size and cover towards
the Chalbi desert. They are 50 to 100cm high and cover
30 to 50% of the area. In places the soils may be
slightly deeper than in unit PnSP.

of the sedimentary plains

. t PsUK

2,000ha.
South of Kargi.

VII.

Unconsolidated sediments derived from undifferentiated
Basement System rocks, overlying secondary limestone.
Volcanic ash admixtures are present.

Flat to almost flat with slopes of 0.2% (
h and strong deflation. In

slope class A).

Severe splash and rillwas :
places actual formation of small obstacle dunes.

From bare to bushed grassland. The main species are
Acacia tortilis, A. nubica, Balanites aegyptiaca,
Indigofera spinosa and Duosperma eremophilum.

Overgrazing with livestock.
<lcm). The gravel consists of
d carbonate concretions and is the

result of erosion of the fine earth. 3

The somewhat excessively drained to well drained,
shal?.ow to moderately deep. reddish brown to yellowish
red, moderately to strongly calcareous, slightly
gravelly, loamy sand to sandy loam soils show an 531
profile development. Near Kargi the soils are heavily
eroded, exposing the petrocalc:l.c horizon.

sh red (5YR 4/4 to 5YR 4/6).

sand to sandy loam.

Very gravelly (fine,
quartz, feldspars an

Reddish brown to yellowi
Slightly gravelly, loamy
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structure * A-horizon: weak, fine to medium, subangular blocky.
B-horizon: pbm:u massive, weakly coherent, breaking
into weak, medium, subangular blocky.

Consistence : goft dey,wry friable when moist, non sticky and
non plastic when wet,

E
.
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=
—
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Chemi s
sy P’-‘“’PCmG Ca and p, Mg is mderately high and K is 1ow. The
organic C content is about 0.1-0.2%. The CEC is around
4me/100q with a base saturation of 100 . The pH-H20 is

8.3 (pH-KC1: 6.9) .

B-horizon: the CEC ig 6.0me/100g. The base saturation
is 1008, fThe PH-H20 is 8.2 (pH-kC]. 7.3). In places
very ql:lqh,t_.‘ly sodic with ESP values up to 5. The CEC-

Diagnostic properties: Coarse texture, characteristics of a cambic B-horizon.

Soil classification . cambic ARENOSOL, Petrocalcic phase.

For the description of 4 representative Profile with analytical data
See appendix 3, profile description no, 36 (observation no. 55-9) .

Hage.ing: unit Psyj

Total area ¢ 119,300ha,
Location ¢ In the western, "OEthWestern, middle and southern parts
of the Hedad,

Agro-climatic zone : VII.L

Parent material * Unconsolidated seqipents derived from undifferentiated

t System rocks. Some Volcanic ash enrichments
may have taken Place ip Places (Pleistocene) .

Relief Almost flat, slopes frop

Erosion

veostacion : w Qwart g} land to grassland with Acacia
reficiens and Cg;

ommiphora SPecies as the most common.
Indigofers Spinosa ang Duosperma eremophilum form the
Swars, layer, Annual and perennial grasses form
the understory,

d Il
o ' Slight go heavy 9razing by livestock of pastc)rallStsl’_r1
: 9 on ation. 1In the central and weste

only occasional grazing.
Surface stoninegg :

+hick=
+ In hany pla d laver (thic
ness < Places 5 Coarse san ay

Coverg the Surface,
Soils, general :

cla hey have a texture of sandy loam to sandy st
In :]:ou m Show a Very clear apc profile developm

oes soilg Afen
slightly Saline, are strongly calcareous an

colour
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: A-horizon: sand to loamy sand (coarse, poorly sorted).
B-horizon: sandy loam to sandy clay loam with often more
than 60% coarse, poorly sorted sand.

A-horizon: single grain to weak to moderate, fine sub-
angular blocky. v
B-horizon: porous massive, breaking into weak, medium
to coarse, subangular blocky.

: A-horizon: soft when dry, loose to very friable when
moist, non sticky and non plastic when wet.
B-horizon: hard when dry, friable when moist, sticky
and plastic when wet.

A-horizon: the soils are high in available P, moderate
in available Ca and Mg and low in available K. The
organic C content ranges from 0.2 to 0.5%. The CEC
is 5-1lme/100g with a base saturation of 100%. The
pH-H20 ranges from 7.5-8.8 (pH-KCl: 6.1-7.6).

B-horizon: the CEC-soil ranges from 10-20me/100g. The
base saturation is 100%. The pH-H20 is 6.5-8.2 (pH-KCl:
5.5-7.2). 1In a few places the soils are slightly
saline in the subsoil with ECe values between 4 and 8
mmho/cm. From a depth of about 50cm the soils are very
slightly sodic (ESP: 3-5), from 80cm downwards the soils
are moderately sodic (ESP: 10-15). The CEC-clay ranges

from 30 to 60me/1l00g.

. Illite is the dominating clay mineral. Kaolinite occurs
as well: from traces to a clear presence. In places
montmorillonite occurs as well. 1In general, there is a
remarkable absence of palygorskite.

| Properties: A very weak ochric A-horizon, an argillic B-horizon
el and an aridic moisture regime.

:¥i§§tion . luvic YERMOSOLS, sodic and partly saline phase.
especially in the western part

(1]

: Inclusions of unit PsUAL may occur,
& of the survey area.

jj‘u Bly o
. For the description of a representative pro
dix 3, profile description no. 37 (observation no.

file with analytical data
54-18) .

2 ’zmha.
. Southwest of Kargi.

ments derived from undifferentiated
ng secondary limestone.
may have taken p;acau\

2+ MLLw

Unconsolidated sedi
Basement System rocks overlyi
Some volcanic ash enr;chmqnta

(Pleistocene) .
Almost flat, slope

Severe splash, slight
deflation takes place.
more severe due to more

g less than 2% (slope class A).

to moderate rill erosion and
Closer to K’%ﬂﬁluthP:3§9!199 is
frequent use.

..




Vegetation

Land use
Surface stoniness H
Soils, general

colour

.

texture 3

structure

e

consistence

Chemical properties

e

Clay mineralogy

Diagnostic properties:

Soil classification :
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Dwarf shrubland with Indigofera spinosa as dominant
specles. Acacia tortilis occurs along the drainage lines.
Annual grasses like Aristida mutabilis occur in the under-
story.

Heavy grazing by livestock.
Non-stony. Some coarse sand grains occur on the surface.

The soils of this unit are well drained, deep, reddish
brown and moderately sodic. They have a texture of sandy
loam to sandy clay loam and show an ABC profile develop-
ment. At about 100cm depth pisocalcic material is
present which merges at greater depth into a petrocalcic
horizon,

A-horizon: reddish brown to yellowish red (5YR 4/4 to
4/6) .
B-horizon: reddish brown (2.5YR 4/4 to 5YR 4/4) .

A-horizon: sand to loamy sand.
B-horizon: sandy loam to sandy clay loam. Up to 70% of
the fine earth is coarse, poorly sorted sand.

A-horizon: moderate, fine tomedium, subangular blocky.
B-horizon: porous massive, breaking into weak, fine to
medium, subangular blocky.

Slightly hard when dry, very friable when moist, sticky
and plastic when wet.

A-horizon: the soil is moderately well supplied with
available nutrients, but p is high. The organic C
content is about 0.2%. The CEC soil is 10me/100g. The
base saturation is about 70%. The pH-H20 is 7.8 (pH-KCL:

B-horizon: the Cgc is about 15me/100g. The base satura-
tion is about 85%, The pH-H20 is 7.7 (pH-KCl: 6.4) .
At about 80cm depth and deeper the soil is moderately

sodic, with ESP values U to 12. The CEC-clay is about
70me/100g.

Illite is the common mineral, together with a mixed

* mineral but traces of kaolinite, smectite and
palygorskite are Present as well.

A very weak ochric A-horizon, an argillic B-horizon and
an aridic moisture regime,

luvic YERMOSOLS, sodic and partly pisocalcic* phase.

For the description of a re ,
see appendix 3, profile des reépresentative Profile with analytical data

Mapping unit Psu3

Total area

e

Location

Agro-climatic zone

Parent material .

cription no. 38 (observation no. 55-8) .

zzlmha-

In the eastern part of the Hedad,

VII.

Bm;eonsolidated sediments derived from undifferentiated
Sement System rocks; in many places covered with a

thin layer of




colour :

- texture :

~ structure :

consistence :

nical properties

;5Tltic properties:

1 classification :
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Flat to nearly flat, slopes 0-1% towards the northeast
(slope class A).

Severe splash and rillwash to slight rill erosion. 1In
many places deposition of fine material occurs as well.
Flooding for a few days may occur after heavy rains.

Shrubland with dwarf shrubs and perennial grasses as
understory. The most common species are: Acacia refi-
ciens, A. senegal, Cordia synensis, Indigofera cliffor-
diana, Duosperma eremophilum, Sporobolus fimbriatus.

Grazing.
Nil.

The soils are well drained to moderately'aell drained,
very deep, dark reddish brown, slightly to moderately
saline and strongly sodic. They have a texture of sandy
clay loam to sandy clay. The texture of the top soil
is loam to clay. The soils show a clear ABC profile
development. The transition between the A and the B-
horizon is abrupt. Clay cutans are present in the B-
horizon.

A-horizon: yellowish red (5YR 4/6).
B-horizon: dark reddish brown (2.5YR 3/4).

A-horizon: variable; sand, loamy sand to loam or clay.
The loam to clay can be regarded as a more recent
deposit on top of the original profile. It covers about

70% of the surface area.
B:horizon: sandy clay loam to sandy clay.

A-horizon: weak, fine to medium, subangular blocky. The
loamy to clayey topsoil may be slightly layered.
B-horizon: weak, medium, prismatic, breaking into mode-
rate, medium to coarse angular blocky.

A-horizon: soft to slightly hard when dry, very friable
when moist, non sticky to sticky and non plastic to
plastic when wet. k

A-horizon: the soil is well supplied with available
nutrients (P is high). The organic C content varies
between 0.1 and 0.2%. The CEC is variable, due to the
variable clay content (8-20me/100g) . The base satura-
tion is 100%. The pH-H20 is 8.0 (pH-KCl: 7.0).

B-horizon: the CEC soil is 20me/100g., the base satura-
tion is 100%. The pH-H20 is 8.0 (pH-KCl: 6.9). Slightly
to moderately and in places strongly saline in the
deeper subsoil with ECe values up to 35mmho/cm. Strongly
sodic, with ESP values over 15 between 60 and 100cm. The
CEC-clay is 60me/1009g.

A very weak ochric A and a natric B-horizon.

orthic SOLONETZ, saline phase.

lusions : Inclusions of unit PsU4 and PsUl may OcCCur.

jve profile with analytical data
39 (observation no. 54-20) .




Ma unit PsU4

Total area
Location
Agro-climatic zone
Parent material

Relief

Erosion

Vegetation

Land use

Surface stoniness
Soils, general

colour

texture

structure

consistence

Chemical Properties

e

t A~horizon: '

94,200ha.
In the central and northeastern part of the Hedad.

Unconsolidated sediments derived from undifferentiated
Basement Bychm rocks. Volcanic ash enrichments may
have taken place (Pleistocene).

Almost £lat with slopes less than 2% (slope class ).

Strong splash, rillwash and slight rill erosion. The
erosion processes have caused a meso-relief of about
40cm high. Accumulations of silt and clay in lower
places (e.g. drainage lines) gives rise to dust in the
dry and mud in the rainy season.

Deciduous shrubland with dwarf shrub understory. Acacia
reficiens and Duosperma eremophilum are the dominating
species.

Grazing by livéstock of pastoralists, not frequent and
mainly in the wet season.

- Nil,

The soils of this unit are well drained to moderately
well drained, Very deep, reddish brown to dark reddish
brown, slightly to Strongly saline and strongly sodic.
The deeper subsoil is strongly calcareous. They have 2
texture of sandy clay loam to sandy clay, with a topsoil
of loamy sand to sandy loam. These soils have a clear
ABC profile development with clay cutans in the B-hori-
Zon. The transition between the A and the B-horizon is
abrupt. 1In places the A-horizon is removed through
erosion processes.

A-horizon: reddish brown (5YR 4/4) .

: 4/4;““ sh brown to dark reddish brown (5YR 3/4

A-horizon: loamy sand to sandy loam.
B-horizon: sandgy clay loam to sandy clay with a silt/
clay ratio of about 0.23. The sand fraction amounts t°

about 50% of the fine earth. The sand is coarse and
badly sorteq,

h*horinonl_ : single grain to weak, fine, subangular

B-horizon. moderate, coarse, angular blocky structurEF_
lumnar, merging into mode

A-horizon: goft when dry, loose to very friable when

Plastic when wet.

B-horizon: very hara when dry, friable when moist,
sticky and pPlastic when wet.

5 available Ca and Mg range from low to hid"
* Available potassium is low. Available phosphorus is

Very high. The organic c content ranges from 0.1 to

*._



classification

ping unit PsU5

al area
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iimatic zone
nt material

stic properties:
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0.3%. The CEC-soil is about 15me/100g. The base
saturation is 100%. The pH-H20 ranges between 8.0 and
9.0 (pH-KCl: 7.0-7.4). The ESP ranges from 4 to 10.

B-horizon: the CEC-soil is about 19me/100g. The base
saturation is 100%. The pH-H20 ranges from 7.5 to 9.2
(pH-KCl: 6.6-7.5). Below 50cm the soil generally is
slightly to strongly saline. In places the salinity
occurs higher in the profile. ECe values range between
6 and 30mmho/cm. The whole B-horizon is strongly sodic
with ESP values from 30 up to 100 (when free salts are
present) . An ESP of about 50 is common. The CEC-clay
is about 55me/100g.

Illite is the dominating clay mineral. Palygorskite is
often present as well, the amount increases with depth.
Kaolinite is present in small amounts.,

An ochric A and a natric B-horizon.

orthic SOLONETZ, saline phase.

~ For the description of a representative profile with analytical data
1i§ﬁ¢ndix 3, profile description no. 40 (observation no, 42-3).

86,100ha.

This unit occurs at the eastern and northeastern sides
of the sedimentary plains and in two small areas at the

western side.

VII.

Unconsolidated sediments derived from quifferantiated
Basement System rocks. Some volcanic ashes may have
peen mixed in the parent material (Pleistocene).

Almost flat, slopes less than 2% (slope class A). Meso
relief is present as "pseudo-dunes” which may reach
heights up to 2.0m. Heights of 50-100Ocm are however

common .
Severe splash and rillwash, moderate rill erosion and
slight to moderate deflation.

Deciduous shrubland to pushed dwarf shrubland with
Acacia reficiens, Commiphora zﬁp, Ingigofa:a gpjgi.,
eremophilum as the most common Spe es.
:2guigoz£§rﬁzrennia?h;rassas are present in the under-
story. It has to be remarked that the dep:agaions are
often almost bare, whereas the deep sandy parts support
mainly Indigofera spinosa and annual grasses.
Slight to moderate grazing by livestock of pastoralists.
Nil.
The soils of this unit are well drained to imperfectly
drained, very deep, dark red to dark reddish brown, in
places strongly calcareous, slightly to strongly saline
and strongly sodic. The deeper subsoil is always
strongly calcareous. They have a texture of sandy clay
loam to sandy clay. with a topsoil of sand. The soils




colour

texture

structure 3

consistence :

Chemical properties

Clay mineralogy :

Diagnostic Properties:
Soil classification .

Remarks: In the depzesaions between the "
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show a very pronounced ABC profile development with an
abrupt horizon transition between the A- or E-horizon
and the B-horizon.

The original surface which was flat, has been subject
to splash, rillwash and rill erosion, removing the sandy
material. 1In the dry season deflation and redeposition
of the eroded material took place. 1In this way a strong
meso-relief was developed. This process is still

continuing.

A-horizon: yellowish red (5YR 4/6).
B-horizon: dark red to dark reddish brown (2.5YR 3/5
to 5YR 3/4).

A-horizon: coarse, poorly sorted sand.
B-horizon: sandy clay loam to sandy clay.

A-horizon: single grain.

B-horizon: strong, coarse, columnar breaking into weak,
coarse, angular blocky merging with depth into porous
massive, moderately to strongly coherent.

A-horizon: loose when dry, loose.when moist, non sticky
and non plastic when wet.

B-horizon: very hard when dry, very friable when moist,
sticky and plastic when wet.

A-horizon: the soils of this unit are low in available
potassium. Available P is high. Calcium and magnesium
are low to moderately well supplied. Where the top of
the B-horizon is at the surface, sodium toxicity may
OGCur. Organic carbon ranges from 0.1 to 0.2%. The
CEC is about me/100g. The base saturation is 80 to

« The pH-H20 ranges from 8.0 to 8.5 (pH-KCl: 6.0
t0 7.0). The ESP is around 6.

B-horizon: the CEC-soil ranges from 10 to 35 with a base
saturation from 60 to mostly 100%. The pH-H20 is about
8.5 (pH-KCl: 6.5 to 7.5). The soils are non to strongly
saline from 50cm depth with ECe values up to 22mmho/cm.
The deeper subsoil is always strongly saline. The soils
areé moderate to strongly sodic from the top of the B-
horizon downwards, with ESP values up to 50. The CEC
clay ranges from 50 to 100me/100g (N.B. Base saturation
below 100% at pH 8.5 is not possible) .

X-ray analysis reveals mainly illite but also some

montmorillonite, traces of kaolinite and palygorskite
may be present,

An ochric A-horizon and a natric B-horizon.
orthic SOLONETZ, saline phase.

Pseudo-dunes" the B-horizon is at the

surface,
Regeneration of Vvegetation in this part is almost impossible

because;

-
he very harg surface makes rooting difficult
e se p

the seeds are easily blown off the surface

- toxidtt’y of Na may occur
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ons of unit PsU4 may occur. In the northeast, the transition to the
(unit DXA) is gradual. Close to this boundary the meso-relief is very

~ For the description of a representative profile with analytical data
endix 3, profile description no. 41 (observation no. 54-8). = l

ng unit PsUAL

37,200ha. l
At the western side of the Hedad. '

..

s VII.

Unconsolidated sediments derived from undifferentiated
Basement System rocks. }I

Almost flat, slopes less than 2% (slope class A).

Moderate to severe splash and rillwash erosion occurs E;L
on slight elevations. 1In the shallow depressions, |
slight gully erosion as well as deposition may occur.

Bushed dwarf shrubland with Indigofera spinosa dominating (| |
on the higher parts and Duosperma eremophilum in the j!H
ll i

i

lower parts. Acacia reficiens and Commiphora spp. are
the most common bushes and these are mainly concentrated

|ué“ in the slightly lower parts. .-T
I"ﬁﬁﬁmd_“ﬂe . Grazing by livestock in the wet season, but not every H{
l;?_ year. i
i_f'-;l!Ce stoniness : Nil.
| j@ﬁﬁnlg, pattern . The soils of this unit form an association of the
. o following two types:
(1) The soils of the slight elevations, which have a
coarse texture.

1low depressions, which have a

(2) The soils of the sha
medium texture.

-

|
|
£ .
?:gl) Slight elevations:
|
|

excessively drained, very deep
to dark brown. They have a
4 and an ABC profile develop-

 Soils, general . The soils are somewhat
and dark reddish brown

; B-horizon: dark reddish brown
| (7.5YR 3/4).

SR -,
3  texture . Sand to loamy sand.

e | texture of sand to loamy san
| i?k ment.
| if 5 colour . A-horizon: reddish prown (5YR 4/4) to brown (7.5YR 4/4).
g (2.5YR 3/5) to dark brown

The sand is coarse and badly sorted.

A0k .
- structure . Pporous massive, weakly to moderately coherent to weak,
Ly medium, subangular blocky -

= consistence . Soft when d4ry, loose to very friable when moist, non

AL sticky and non plastic when wet.

-ﬁ;gﬁﬂﬂiCBl properties : A-horizon: the soils are well supplied with available
e calcium and high in phosphorus. Available magnesium
g The organic C content is about

and potassium are low.




Clay mineralogy g

Diagnostic properties:

Soil ' classification :

100

0.2 to 0.3%. The CEC is about 8me/100g. The base
saturation is 100%. The pH-H20 is about 7.5 to 8.0
(pH-KC1: 6.3 to 7.0).

‘B-horizon: the CEC-soil is around 9me/100g. The base

" saturation is 100%. The pH-H20 is about 8.0 (pH-KCL:

'?";61. " Below 1.50 m the soils are slightly sodic, with
ESP values up to 10. The CEC-clay is around 80me/100g.

The X-ray analysis shows moderately crystallized illite,
palygorskite and traces of poorly crystallized kaolinite.

‘A coarse texture and characteristics of a cambic B-
mm.'

cambic ARENOSOLS .

For the description of a réi!maéntative profile with analytical data
see appendix 3, profile description no. 42 (observation no. 54-4).

(2) shallow depressions:

Soils, general g
colour :
texture H
structure :
consistence :

Chemical properties :

Clay mineralogy

Diagnostic properties:

The soils of the slight depressions are well drained,
very deep, dark reddish brown to dark brown and in
places strongly calcareous and slightly sodic. They
have a texture of sandy loam to sandy clay loam and sho¥
a clear ABC profile development. The deeper subsoil is
strongly calcareous. In places clay cutans are present
in the B-horizon,

A-horizon: yellowish red (5YR 4/6) to dark brown
(7.5¥R 3/4).

B-horizon: dark reddish brown (5YR 4/4) to dark brown
(7.5YR 3/4). ; Ty

A-horizon: loamy sand to sandy loam.
B-horizon: sandy loam to sandy clay loam.

Porous massive, moderately to strongly coherent, in

zlacel breaking into weak, medium to coarse, subangular

A;;.horizon: soft when dry, very friable when moist,
slightly sticky and slightly plastic when wet.

B;:riz_on; slightly hard to hard when dry, very friable
when moist, sticky and plastic when wet.

:-tri # the soils are well supplied with available
8 high. The organic C content te avouhd 0.2%. The

CEC is about lome/100
g. The base saturation is 100%.
The PH-H20 is 8.7 (pH-KCl: 7.3).

:;:z::m: the CEC-soil is about Sme/100g. The base
i Be!]l.mj;s 100%. The pH-H20 is around 8.4 (pH-KCl:
e ;alue S0cm the soils are slightly sodic, with
i S Up to 7. The deeper subsoil is slightly

e. The CEC-clay is around 50me/100g.

Illite 18, dominating, kaolinite and montmorillonite
are present in small amounts.

A very weak ochric A-horizon, an aridic moisture

regime, partly a cambic B-horizo
o n and partly an
argillic B-horizon. : :



ssification :

1unit PsUA2

i )
limatic zone
material :
tlon
use
2 stoniness
ls, pattern

Slight elevations
r general

colour :
texture

structure :

 consistence :

lol

luvic and haplic YERMOSOLS, sodic phase.

or the description of a representative profile with analytical data
dix 3, profile description no. 43 (observation no. 54-7).

38,800ha.

Between Korr and Ngurunit, in the southern part of the
survey area.

vIII

Unconsolidated sediments derived from undifferentiated
Basement System rocks.

Nearly flat to very gently undulating with slopes
from O to 2% (slope class A).

Moderate to heavy splash and rillwash erosion occurs
on the slight elevations. In the lower parts rill
erosion as well as deposition takes place.

Dwarf shrubland with some shrubs in the drainage lines.
On the slight elevations Indigofera spinosa is

dominant with annual grasses as understory (mainly
Aristida mutabilis). 1In the shallow depressions
Duosperma eremophilum is the most common. Acacia melli-
fera, A. reficiens and Commiphora spp. dominate the

shrub layer.
Moderate to heavy grazing by pastoralists.

Nil.

The soils of this unit form an association of two types:
(1) the soils of the slight elevations and
(2) the soils of the shallow depressions.

The soils are somewhat excessively drained, very deep,
reddish brown with a texture of sand to loamy sand.
They have an ABC profile development.

A-horizon: dark reddish brown to yellowish red (5YR
3/4 to 4/6).

B-horizon: reddish brown (5YR 4/4) .

sand to loamy sand, coarse, poorly sorted. Some very
fine gravel (quartz, feldspar) may occur.

Massive, weakly coherent, breaking into very weak, fine

subangular blocky.

soft when dry, loose to very friable when moist, non
sticky and non plastic when wet.

A-horizon: available potassium, calcium and magnesium
are low. Available phosphorus is high. The organic C
content is about 0.3%. The CEC-soil is about 5me/100g.
Base saturation is close to or at 100%. The pH-H20 is

7.4 (pH-KCl: 6.3).




Clay mineralogy :

Diagnostic properties:

Soil classification :
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B-horizon: the CEC-soil is about éme/l00g. The base
saturation is 100%. The pH-H20 is about 8.0 (pH-KCl:
7.0), The subsoil below 2m is slightly saline with
ECe values of maximally 8mmho/cm. Below lm depth, the
soils are slightly sodic with ESP values up to 10.

Illite, kaolinite and a mixed layer mineral occur in
small amounts, Traces of smectite were also found.

A coarse texture and characteristics of a cambic B-
horizon.

cambic ARENOSOLS.

For the description of a representative profile with analytical data
see appendix 3, profile description no. 44 (observation no. 66-4).

(2) Shallow depressions:

Soils, general 3

colour :

texture %

structure H

consistence $

Chemical properties

Clay mineralogy

Diagnostic properties:

The soils of the slight depressions, which are mainly
seasonal drainage ways, are well drained, very deep,
dark reddish brown to dark brown. They show an ABC
profile development. In Places clay skins are present
in the B-horizon. In places cracking occurs. The
texture of the soils in the drainage ways is variable,
due to variations in the depositional processes in the
Past and at present. The soils are however mainly fine
textured. 1In places the soil may be layered.

A-horizon: reddish brown (SYR 4/4) to strong brown
(7.5YR 4/6) .

B-horizon: dark reddish brown (5YR 3/4) to dark brown
(7.5YR 3/4).

Sandy loam to sandy clay.

A-horizon: strong, medium, subangular blocky.
B-horizon: weak, coarse, prismatic, breaking into weak,
coarse, angular blocky to massive.

A-horizon: slightly hard when dry, very friable when
moist, sticky and plastic when wet.

B-horizon: hard when dry, friable when moist, sticky
and plastic when wet.

A-horizon: the soils are sufficiently supplied with
::ailahle nutrients. fThe organic C content ranges
tween 0.1 and 0. 33, The CEC-soil ranges from 15 to

20me/100g. The base saturation is 1
00%. The pH-H20

the texture. The

;lightly sodic with ESP values up to 10. Deeper than
m the milsog:l’ be slightly saline. The CEC-clay is

Illite, kaolinite, smectite and a mixed layer mineral
are present in small amounts,

A very weak ochric A=horizon, an aridic moisture regime
and a cambic B-horizon, partly with vertic properties.
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assification : vertic* and haplic YERMOSOLS, partly sodic phase.

 For the description of a representative profile with analytical data
pendix 3, profile description no. 45 (observation no. 66-5).

Soils of the non-dissected lacustrine plains

g unit Plnxl
area : 59,600ha.
-lon : Chalbi desert, in the north of the survey area.

limatic zone : VII.

nt material Unconsolidated lacustrine sediments derived from various
sources. The possible sources are: Basement System
rocks, volcanic rocks, volcanic ashes and sandstones.
The Chalbi is possibly underlain by sandstone; at least
in the eastern part.

£, . Flat. Slopes O-1% (slope class A).

Non to slight deflation. Deposition of sediments takes
place after heavy rains.

e

ation : Bare.
None to salt-lick for wild and domestic animals.

use :
ace rockiness/ : In places rock outcrops occur (sandstones/limestone) .
stoniness
S, general . The soils are poorly drained, very deep, reddish brown
' to olive grey, strongly calcareous, strongly saline
and strongly sodic. They have a texture of clay. They
have not well developed ABC or AC profile characteristics.
Flooding occurs once Or twice yearly after heavy rains.
colour . A-horizon: dusky red (2.5YR 3/2) to reddish brown (5YR
4/4) .
B or C-horizon: reddish brown (5YR 5/3) to olive grey
(7.5¥R 5/2) .
texture : Clay.
structure } Massive, moderately coherent, in places breaking into
medium, angular blocky -
consistence . Friable when moist, sticky and plastic when wet.

A-horizon: the organic C content is about 0.6% in the
top few cms, but is rapidly decreasing to 0.2-0.3%.

The CEC is about 30-50me/100g. The pH-H20 varies
between 8.2 and 10.0 (pH-KC1: 7.9-9.6) . ECe varies
from 20 to 70mmho/cm. ESP is over 30.

B or C-horizon: the CEC is around 30 to 50me/100g. The
pase saturation is 100%. The pH-H20 is 9.6 to 10.2
(pH-KCl: 8.9 to 9.8). Strongly saline, with ECe values

ly sodic with ESP
from 30 to 180mmho/cm, and strong
values from 30 or higher. The CEC-clay varies from 60

to 125me/1009.

mineralogy . Illite and montmor
' ' Amorphous materials are

mical properties

e

jllonite are present in small amounts.
dominating the clay fraction.
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Qs
with analytical data

No

. o _ r lying parts and of the
e (5 = m depressions.

nwgﬁlﬂ et | oW depressions are poorly
il sp yipaoeds! brown, strongly calcareous:
ead? % ¥ r sodic. They have a texture
cenlialtedonys LY

and an AC profile develop-

« ENbas m

ave)

o

o
oo ol

t, breaking into weak,
blocky.

ant varies between 0.1
®en 20 and 30me/100g.
'1_‘he PH-H20 is 8.8 to

2/100g with a base satu-
around 10.4 (pH-KCl:
ongly saline and
 between 15 and 180mmho/
n 40 to over 100%. The
because no correction
The CEC-clay is around

Diagnostic prope:
| _So.tl classificatio n

hlhaadl 8
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.vqpx the description of a representative profile with analytical data
"appendix 3, profile description no. 47 (observation no. 43-5).

s of the dissected lacustrine plains

e rockiness/
stoniness

S, general

- colour
. texture
structure

consistence

mical properties

..

8,000ha.
South and north of Loyangalani, along Lake Turkana.
VII.

Sediments derived from various sources. This includes
colluvium of volcanic rocks from Mt. Kulal, volcanic
ashes deposited in the lake and fine, calcareous and
lacustrine sediments (Pleistocene).

Irregular, from flat to gently undulating. Slopes from
0-5% (slope class AB).

Slight rill erosion and slight deflation. Erosion is
limited, due to the surface stoniness.

A very low cover with grasses and/or dwarf shrubs; at
the lower level dominated by Sporobolus spicatus, at
the higher levels also Aristida spp. and Indigofera
spinosa.

Intensive grazing.

Exceedingly stony to exceedingly gravelly. Stones and
gravel consist mainly of angular and subangular lava.

The soils form a complex of excessively drained to well
drained, shallow to deep, dark brown to yellowish brown,
strongly calcareous, moderately to strongly saline,
moderately to strongly sodic, very stony and/or very
gravelly loamy sand to clay soils with an ACR profile
development. In places the soils are stratified.

park brown (7.5YR 3/2) to yellowish brown (1OYR 5/6) .
Very stony and/or very gravelly loamy sand to clay.

variable.

variable.

A-horizon: from only one profile, chemical data are
available. The soils are well supplied with available
ca, Mg and P, but low in available K. The orgFQiq&c 1
content is 0.2%. The CEC js 28me/100g. The base satura-
tion is 100%. The pH-H20 is 9.2 (pH-KCl: 7.8). The ESP

is 10. SANN
C-horizon: the CEC is 25me/100g. The base saturation is
100%. The pH-H20 is 8.5 (pH-KCl: 7.6). The ECe is

16mmho/cm and the ESP is 12. The CEC-clay is 60me/100g.

varies from LITHOSOLS and FLUVISOLS to Rmor.s.' s

floogglgina

11,400ha.




Location
| Agro-climatic zone
Parent material

Relief
! Erosion

| Vegetation

Land use

:

!

!

|

] Surface stoniness
» Soils, general

colour
texture
structure
consistence
Chemical properties

Soil classification

Mapping unit Aa}

Total area
Location
Agro-climatic zone

Parent material

Relief

Erosion

Vegetation

Land use

.

..

In the southern part of the study area.

VI and VII.

Recent and sub-recent alluvial deposits derived from
undifferentiated Basement System rocks.

Flat to‘nearly flat, slopes 0-2% (slope class A).

Slight gully erosion and in places deflation. However,
deposition occurs after heavy rains.

Deciduous woodland (riverine); dominated by Acacia
tortilis with Duosperma eremophilum as understory.

Grazing with livestock and cutting for building material.
The intensity of use depends on the location. Close to
settlements the use is very intensive.

Nil. :
'I'he_ soils form a complex of well drained, very deep,
brown, moderately to strongly calcareous, in places
slightly saline, loamy sand to sandy clay soils. Profile

- t may be present, but is often very limited.
Stratified soils as well as cracking soils occur.

Mainly brown (7.5YR 5/4 and 4/4).

Variable,

A-horizon: the soils are moderately well supplied with
available Ca and Mg. Available K is low to moderate and
available P is Very high. The organic C content ranges
between 0.15 and 0,73, The CEC is highly variable,
depending on the texture. The PH-H20 is 7.5-8 (pH-KCL:

B or C-horizon: variable, depending on the texture
and the location. In places slightly saline from 50cm
+ Non sodic.

Variable,

1!‘th0

The floodplains of the rivers near Lake Turkana.
VI,

Alluvial deposits, mainly derived from various volcanic
rocks, including ashes,

Flat to Rearly flat, slopes 0-2% (slope class A).

Eros:;:;al and depositional Processes are going on
T. Flooding occurs after heavy rains.

:.;'acia tortiu,_q woodland with Indigofera spinosa dwarf
* 1In places Hyphaena coriacea (doum palms),

Heavy grazing as well as cutting for domestic purposes.
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stoniness . Exceedingly stony and gravelly, consisting mainly of
- basalt.
, general . The soils are somewhat excessively drained, very deep,

dark brown, moderately calcareous and stratified. They
have a texture of very stony and very gravelly loamy sand
and do not show profile development, except for a very
weak ochric A-horizon.

Dark brown (7.5¥YR 3/2).

g
3
.

:
:

Very stony and very gravelly loamy sand,

~ structure . Structureless, single grain.

consistence . Loose when dry and moist, non sticky and non plastic when
wet.

lemical properties
aini

agnostic properties: The soils are developed on recent alluvial deposits and
do not have diagnostic horizons other than an ochric

A-horizon.

0il classification : calcaric FLUVISOLS, stony phase.

No samples were taken.

5,900ha.
Balesa floodplain.

Agro-climatic zone : VII.
Alluvial deposits, derived from various sources (Basement
System rocks; pleistocene volcanic rocks and ashes).

Flat to nearly flat. Slopes less than 1% (slope class A).
In places however, small river dunes occur.

Erosional and depositional processes both occur. Defla-
tion occurs often in the dry season. Flooding of the
floodplain rarxely occurs.

Deciduous woodland with dwarf shrub understory. The
main species are Acacia tortilis, Ssalvadora persica,
Duosperma eremophilum and Indigofera spinosa. Aristida
and Sporobolus grasses form the understory.

: Grazing.
3 ';}ace ko 3= Leno . In a few places slightly stony (rounded basalts) .
;ﬁﬁﬁhﬁds eral : The soils are somewhat excessively drained, very deep,
2= & G brown to strong brown, strongly calcareous, slightly

sodic to (in places) strongly sodic and stratified. They
have a texture of slightly gravelly gand to sandy loam
¥ and do not show profile development, except for a very

weak ochric A-horizon.

colour . Brown (7.5YR 4/4) .

texture . Slightly gravelly sand to sandy loam (stratified) .
structure . Structureless; single grain.

consistence . TLoose when dry and moist, non sticky and non plastic

when wet.
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Chemical properties : A-horizon: the soil is moderately well supplied with

Clay mineralogy

Diagnostic properties:

Soil classification

available Ca and Mg, K is low, P is high. The organic
C content is about 0.2%. Base saturation is 100%. The
CEC is m/moq. ‘The pH-H20 is 7.5-8.5 (pH-KCl: 6.8-
b P17 ety , :

C-horizon: the CEC is about 6me/100g. Base saturation is
100%. The pH-H20 is 7.5-8.5 (pH-KC1:6.4-7.5) . Non
saline and slightly sodic throughout the profile, with
ESP values from 2 to 8. In places strongly sodic.

‘Illite and kaolinite are the dominant clay minerals.

Soils developed on recent alluvial deposits with only

calcaric FLUVISOLS, sodic phase.

For the description of a representative profile with analytical data

see appendix 3, profile ducripﬁm n0. 48 (observation no. 42-23),

Mapping unit AA3

Total area
Location
Agro-climatic zone
Parent material

Relief

Erosion

Vegetation

Land use
Surface stoninesg
Soils, general

colour

texture

structure

consistenge

31,700ha.

In the western, central and eastern parts of the Hedad.
VII.

Alluvial deposits with Sediments mainly derived from
Basement System rocks often enriched with volcanic ashes.

Flat, slopes less than 1% (slope class a).

Slight to moderate gully erosion and susceptible to
heavy deflation after clearing of the vegetation.
After heavy rains, flooding may occur for a few days
with deposition of fresh materials.

m grassland to grassland. Acacia reficiens, A.
tormiﬁ" Balanites SPP., Aristida spp., Bracharia spp-

rus ciliaris and Leptothrium senegalense are the
most common species .

Grazing. The intensity depends on the location.
Nil,

The soils are well drained, very deep, brown and modera-
tely to Strongly calcareous. They consist of stratified
sand to loam ang show no profile development, except for
& very weak ochric A-horizon. Buried A-horizons may
OCeur. The topsoil consists of silt loam to loam.

Brown (7.5yR 4/4 and 3/4) .

Sand to loam, varies with the different layers. 1In

Places gravelly layers OCcur. The topsoil has a texture
of silt loam to loam.

Single grain or porous massive, breaking into weak,
medium, subangular blocky.

Loose to soft iwhen dry, loose to very friable when

moist, non to slightly stick
Y and non to slightly
Plastic when wet,



”%aasification

climatic zone
nt material

rface stoniness

18, general

colour

texture

structure

consistence

.
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A-horizon: the soils are low in available potassium,
low to high in Mg, moderate to high in Ca and high in
P. The organic C content ranges between 0.1 and 0.3%.
The CEC soil is 10-18me/100g. The base saturation is
100%. The pH-H20 is 8.2 (pH-KCl: 7.1).

C-horizon: the CEC-soil ranges between 5 and 25me/100g.
Base saturation is 100%. The pH-H20 is 7.5-8.5 (pH-KCl:
7.4-8.4) . The CEC-clay is about 80-100me/100g.

Kaolinite, illite and a mixed layer mineral are present
in small amounts. Traces of smectite occur as well.

The soils are developed on stratified, recent alluvial
deposits and have only an ochric A-horizon as a
diagnostic one.

calcaric FLUVISOLS.

For the description of a representative profile with analytical data
appendix 3, profile description no. 49 (observation no. 54-9) .

2,100ha.

North of Marsabit, on the lower slopes, about halfway
to Maikona.

VII.

Alluvial deposits derived from volcanic rocks, including
ashes (Pleistocene) .

Flat with slopes less than 1% (slope class A). s
Severe splash, rillwash and deflation.

Dwarf shrubland with Duosperma eremophilum and Indigo-
fera spp. as the most common. Annual grasses occur

as well.

Occasionally grazing.

In places stony and gravelly, consisting of basalt and
very fine (less than lcm) quartz, olivine, augite and
basalt gravel.

dark brown
The soils are well drained, very deep, . .
strongly calcareous, strongly saline and moderately to
strongly sodic. They have a texture of stony and/or
‘gravelly sandy loam to sandy clay loam and hardly any

profile development.

park brown (7.5YR 3/4) .
and/or gravelly sandy loam to sandy clay loam.

fine to medium subangular blocky.
massive to moderately coherent.

ard when dry, very friable when moist,
ticky and slightly plastic when wet.

moderately well to well supplied

Stony

A-horizon: weak,
C-horizon: porous,

soft to sliahtly h
slightly sticky to s
A-horizon: the soils are

with avail
organic C content is about 0.1%.

1 utrients, but low in potasaiqm, "Th?
i ; The CEC is 9me/100g.
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Diagnostic properties:

Soil classification
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ation is 100%. The PH-H20 is 8.3 (pH-KCl:

7.2). AR
C-horizon: the CEC is about 20me/100g. Base saturation
is 100%. The pH-H20 is around 7.8 (pH-KCl: 7.4).
Strongly saline from 50cm depth (ECe up to 45mmho/cm)
and moderately sodic from 15cm to strongly sodic after
J0cm (ESP 10-20). The CEC-clay is about 120me/100q.

llontmdllnnite is dominant, but palygorskite and
illite are present as well.

A high salinit:y and no diagnostic horizons other than
an ochric A.

orthic SOLONCHAKS, stony and sodic phase.

For the description of a représantative profile with analytical data
see appendix 3, profile description no. 50 (observation no. 43-10) .

Mapping unit AA5

Total area
Location
Agro-climatic zone

Parent material

Relief

Erosion

Vegetation

Land use

Surface stoniness

Soils, general

colour
texture

structure

consistence

Chemical properties

e

10,500ha.
At the western and southern edge of the Marsabit lava.
VII.

Alluvial deposits, sediments derived from both Basement
System and volcanic rocks including volcanic ashes
(Pleistoelnp}.

Flat (slope class a).

Slight gully erosion may exist. However deposition
takes place during flooding after heavy rains. Defla-

tion may take place especially after trampling by live-
sm&.

Bushed grasslang to grassland with Acacia tortilis, A-
Seyal, Salvadora persica and annual and perennial
grasses as the most common species.

Grazing.

In general not stony, but close to the lava plateau the
surface may be stony,

The soils are moderately well drained, very deep,
reddish brown, slightly to strongly saline and slightly
to strongly sodic. They have a texture of clay loam to
clay. They are in places strongly calcareous and/or
cracking. In places @ hummocky microrelief is present.

Reddish brown (5yg 4/4) .
Clay loam to clay.
Weak, medium, prismatic, breaking into moderate fine t°

medium, angular blocky, with depth merging into massive
moderately coherent.

Hard when dry, very friable when moist, sticky and
tic when jwet.

:
m«.’!‘"’““: the soils are well supplied with available
nutrients, only XK is low. The organic C content is

e
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g unit AAC

area

climatic zone

t material

1 classification

e

stic properties:

about 0.2%.
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The pH-H20 is 7.9 (pH-KCl 6,9),
is 27me/100g. Base saturation is 100%.

The CEC

B/C horizon: the CEC is around 30me/l00g. Base satura-
tion is 100%. The pH-H20 is 8.2 (pH-KCl: 7.1).

Slightly to strongly saline, slightly to strongly sodic
(based only on field data). The CEC-clay is 60me/100g.

A very weak ochric A-horizon, an aridic moisture regime,
a cambic B-horizon or deep cracks with a gilgai micro-
relief.

haplic YERMOSOLS and chromic VERTISOLS, saline and sodic
phase.

- For the description of a representative profile with analytical data
!?pendix 3, profile description no. 51 (observation no. 55-10).

13,400ha.

At the lower course of the Balesa river, west of the
Chalbi desert.

vViIl.
Alluvial deposits, derived from various sources.

Flat to nearly flat, slopes 0-1% (slope class A). 1In
places dunes occur, consisting of fine sand and silt.

Severe rill erosion and moderate deflation.

wooded shrubland with dwarf shrubs and annual grasses
in the understory.
Seasonal grazing.

The soils of this unit form a complex of somewhat
excessively drained to well drained, very deep, strongly

calcareous soils of varying colour, consistence, salinity

sodicity and texture.

A-horizon: the soils are well supplied with available
Ca and Mg, P is low to moderate, K is low. The CEC is
variable, but often around 20me/100g. The base satura-
tion is 100%. The pH-H20 is around 9.0 (pH-KCl: 7.6).

Na toxicity may occur in places.
B/C-horizon: variable.

vVariable.

11 Soils of the dunes

A

2lng unit DXA

‘area
'_.on
~climatic zone

it material

-
H

55, 200ha.
At the easte

VII.

Aeolian deposits,
(Pleistocene) .
They overlie lacustr

rn and westexn sides of the Chalbi desert.

overlying various parent materials

T ———

The aeolian sands contain volcanic ashes.
ine sediments and, in the northwest,
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Relief

Erosion 2

Vegetation

Land use

Surface stoniness
Soils, pattern

.e

(1) Dunes:
Soils, general :

colour

texture

structure

consistence

..

Chemical Properties

Clay mineralogy &

Diagnostic Properties.

Soil classificatj,on
Remark

£

For the descr

$4

sediments derived from Basement System rocks, 1In the

ast sandstones may underlie the dune area.

The dunes have an undulating to rolling relief with
slopes from 2 to over 16% (slope class CDE). The inter-
On the dunes, moderate splash and rillwash and sliqht
deflation. In the depressions heavy rill erosion.

Bushed dwart shrubland with Euphorbia cuneata, Indigofera
spinosa, annual and perennial grasses as the most common
m i

Slight to moderate, seasonal grazing with livestock,
Nil. ]

The 903.18 form an association of two units, (1) The soils
of the dunes and (2) the soils of the interdunal depres-
sions. The soils of the dunes cover about 70-80% of the
area,

The soils are somewhat excessively drained, very deep,
reddish brown to reddish yellow, moderately to strongly
calcareous and strongly sodic. They have a texture of
sand and show a not very well developed ABC profile deve-
lopment. The sand is often layered.

A-horizon: brown (7.5¥R 5/4 to 4/6).

B Pl;.c-horizon: reddish brown (5YR 4/4) to reddish
yellow (7.5YR 6/6).

Medium to fine sand, with a M50 of 200 to 400 micron.
Structureless; single grain to massive, weakly coherent.

Loose to soft when dry, loose when moist, non sticky and
non plastic when wet.

A-horizon: the soils are very low in available K, Mg is
low. Ca ang p are moderate. The organic C content is
he'b" 0.1%. The CEC is 4me/100g. Base saturation is

» The pH-H20 is 9.0 to 9.8 (pH-KC1: 8.0-8.6).

B-horizon: the CEc is around 7me/100g. Base saturation
is 100%. 1THe PH-H20 ranges from 9.4-10.0 (pH-KCl: 8.5-
9.0). Strongly sodic, in places from the top of the
Profile with Esp values up to 30.

Illite ang montmorillonite occur in small amounts besides
amorphous materials.

A coarse texture and characteristics of a cambic B-hori-
zon-

cambic ARENOSOLS, sodic phase.

In a few places, éspecially north of Kargi, the dunes are
overlying lacustrine limestone and/or secondary limestoné:

i
appendix 3, profile dﬁtion Of a represpntative profile with analytical data see

a dune soil overlying

Scription no. 52 (observation no. 43-4) which describes
saline lacustrine sediments,

— :
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Interdunal depressions:

‘general : The soils of the interdunal depressions cover about
20-30% of the surface area. They occupy the areas
where the dunes have been completely eroded. These
soils are imperfectly drained, very deep, yellowish
red to dark brown, strongly calcareous, strongly
saline and strongly sodic. They have a texture of
sandy clay loam to clay and show AC or C-horizon

rate, fine, angular blocky.

j;*-consistence . Hard when dry, friable to firm when moist, sticky and
plastic when wet.

.cal properties : A-horizon: the soil is deficient in available nut-

The organic C content is about 0.1-0.2%. The CEC is
around 20-35me/100g with a base saturation of 100%.
The pH-H20 is around 9.0 (pH-KC1: B.0).

C-horizon: the CEC-soil ranges from 20:to 35me/100g.

The base saturation is 100%. The pH-H20 is 10.5
(pH-KC1: 9.4). The soils are strongly saline with an
ECe of about 25mmho/cm, in places higher and strongly

. ";5' may occur in the topsoil already. The CEC-clay ranges
X from 85 to 100me/100g.

Montmorillonite and illite are the dominantlclay
minerals.

V"E;Y mineralogy
[ﬁnr-

- Diagnostic properties: A high sa
g an ochric A-horizon.

linity and no other diagnostic horizons than

ﬁ§¥¥1 classification : orthic SOLONCHAKS, sodic phase.

SOIL CLASSIFICATION, CORRELATION AND GENESIS ASPECTS

.1 Soil classification of the mapping units

| For the purpose of classifying and correlating soils the FAO-Unesco
. (1974) legend for their "Soil Map of the World" has been used. The reasons
for the selection of this system are explained in various Kenya Soil Survey

lications (van de Weg and Mbuvi (eds)., 1975; Sombroek et al, 198§]. The
FAO-Unesco system has been used in different types of soil surveys u: most
xtensively in the various reconnaissance soil surveys and t: the ;*itozgzéfY
L1 map. During its intensive use in these surveys the qa .wag e gatti
ptations and additions to this system. Some modi fications an ad.ap ons
the application of a third level

e s well as
Tthe first and second level a ot amdoant adaptations, known as

erminology have been introduced. 7hese a
nyan concepts", are explained in the relevant Raconnaias;g::.goil Survey
sorts (see fig. 1 and References) and in the Exploratory S

port . (Sombroek et al, 1982), while a summary is given-bg s£d°r£“':ff§‘?a?

Pouw (1980) . e S

Ol oV 57 ]

characteristics.
: :‘c?lour : Yellowish red (5YR 4/6) to dark brown (7.SYR 4/2).
texture : Sandy clay loam to clay.
structure : Strong, coarse prismatic merging with depth into mode—'

rients, except for Ca. Sodium toxicity occurs as well.

" . sodic with ESP values from 20 to over 70. These values
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In addition to the already existing "Kenyan concepts" some new con-
cepts are introduced. The following are being proposed:

At the second or subgroup level:

= vertic YERMOSOLS, being YERMOSOLS with vertic properties. They key out
immediately after luvic YERMOSOLS, This could apply for XEROSOLS as well.

At the phase level:

- boulder-mantle phase. This concept was already used by Sombroek et al.
(1982) in their exploratory soil survey but for this survey the definition
is more precised. The boulder-mantle phase marks areas where the presence of

= sStone-mantle phase. As for boulder-mantie Phase, but with stones. The
soil below the surface is not very stony,

Boul the bouldery (stony) phase
Ea=nae; dery (stony) phase and boulder (stone) mantle phase are mutually

A description of the major sojl classification units which occur in

6]
the survey area is given below (for the mapping unit codes and distribution
See appendix 1),

(a) YERMOSOLS

YERMOSOLS are soils having
ochric A~-horizon, They shoy an ABC h
boundaries. an aridic moisture regi

The criteria for Separating YERMOSOLS from the XEROSOLS and both groups
from the other units are at Present

discussed further in chapter 3.4.2, o

The YERMOSOLS in the Survey area commonly have medium textures, but
fine textured soils occur as wel], The structure varies from porous massive
Loty b rately well developeq Subangular blocky. The chemical

fertility of these soils ig Mostly sufficient] high. The pH-H20 is 7 or
higher. The dominating clay mineralg i e

are illit b K kite. 1In lower

lying places mcntmorj.nmf'e occurs ag we1l € or palygors e
YERMOSOLS with a Cambic B-j
B-horizon, the luviec ones, aye the
clay skins and has a clay
developed. Therefore, the

Orizon, the haplic ones, and with an argillic

most common. The argillic B-horizon shows
ratio B/a horizon of 1.2 Or more but is not very well
haplic ang luvic ones sometimes occur together in

e
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mapping unit (mapping units U2FA and PsUAl), The calcic YERMOSOLS

rer 15% secondary carbonates in the calcic horizon. The vertic YERMOSOLS
acks of more than lcm wide and are found in combination with haplic

LS (mapping units YV3 and PsUA2). A gypsic horizon with enrichment of

: calcium sulfate, was found in places in mapping units LsVCl and

2. The soils are classified as gypsic YERMOSOLS.

T
a
=<
%]
%
&

U2Fl1, U2FA, FUl, FUA, PvVp, PsUl, PsU2, PsUAl
LsVCl, LsVC2 :

. g e
T N

Q

]

" - FV1P, FVC, YVlp, PvVp

i - HVP, U2FA, LsVCl, LsVC2, LnVl, LnV2, LnV3p, LAVP,
FV2p, FVC, YV3, PsUAl, PsUA2, AA5

ﬁﬁértic n - YV3, PsUA2

TR e At

——
r N a I
' ﬂ,' o A -
1 ¥ =

4

'vﬁ Within the YERMOSOLS many phases had to be used. Boulder-mantle, stone-
”Ie, stony, lithic, petric, pisocalcic, petrocalcic, saline and sodic phases
. occur, often in combination of two or more.

P

XEROSOLS

 XEROSOLS, like the YERMOSOLS, occur on those parts of the area which

an aridic soil moisture regime. The only difference between the two units
that XEROSOLS have a higher organic matter content in the A-horizon. Figure
qﬂé&rly shows the difference between the organic matter content of a very
ochric A-horizon and a weak ochric A-horizon as defined by FAO-Unesco

74) . It becomes also clear from this figure that for soils with a low sand/
Y ratio the difference in the required organic matter content for a very

k ochric and amollic A-horizon is minimal. Some more remarks on this
Lfferentiating criterion will follow in chapter 3.4.2.

The XEROSOLS usually have an ABC horizon sequence with gradual bounda-
les between the horizons, a weakly developed structure and favourable ch?mical
":ties. These soils only occur in mapping units RVA and FV3P. Those soils
ch have more than 15% secondary carbonates are classified as calcic XEROSOLS,
le the soils with a cambic B-horizon have been mapped as haplic XEROSOLS.

re appropriate a stony, lithic or petric phase is indicated.

f‘SOLONETZ

. SOLONETZ are soils with a natric B-horizon. The natric B-horizon has

- Clayskins on the ped surfaces, a very clear increase in clay content from the

- A to the B-horizon due to illuviation (>20% in thi B—:oz;zozp;l;:np:;xttgg 1:1-:0:1-

20n) and a colu ismatic structure in at leas e

- horizon. The ug;:; ;zrirof the B-horizon has more than 15% exchangeable sodium.
1 50ils show a clear A(E)BC horizon sequence whereby the boundary between the

£) and the B is abrupt. In places the E horizon is tonguing into the B.

re is a clear textural difference between the A(E) and the B-horizon,

cially in unit PsU5 where a sandy topsoil in overlying sandy clay 10:21§0

‘clay. The natric B-horizon has a low infiltration capacity, espec vy

'wet. Hydromorphic properties however are not clearly present.

SOLONETZ occur (without hydromorphic

1 orthic
n the survey area only ) in mapping units LnVdp, PnSA, PsU3,

rties, without a mollic A-horizon

__,,____...___‘.._._.__

e
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PsU4 and PsU5. The pH-H20 of the soils is 8 or higher. The nutrient availa-
bility is variable, but never very low., Available P is always high. The
dominating clay minerals are illite, but palygorskite occurs as well. Mapping
units PsU3, PsU4 and PsUS5 have a saline phase and mapping unit LnV4p has a
boulder-mantle, saline and partly stony phase.

(d) ARENOSOLS

The ARENOSOLS in the survey area are soils showing characteristics of
argillic or cambic B-horizons which however do not qualify as diagnostic
because of the textural requirements. Consequently the soils are coarse
textured. The soils show an ABC horizon sequence with gradual boundaries
between the horizons. The PH of the soils is neutral or higher.

In mapping unit FUA are, besides cambic ARENOSOLS, luvic ones present,
showing lamellae of clay accumulation. Cambic ARENOSOLS, with characteristics
of alteration, mainly through evidence of removal of carbonates or stronger
chroma or redder hues than the underlying horizon, occur in mapping units
U2FA, PnSA, PsUK, PsUALl, PsUA2 and DXA. Stone-mantle, stony, lithic, petric,
petrocalcic and sodic phases were added when appropriate. The cambic ARENOSOLS
without a phase (mapping units PsUAl ang PSUA2) or with a sodic phase (mapping
units DXA and to a lesser extent PnSA) cover extensive areas.

(e) SOLONCHAKS

soils have an AC or ABC horizon sequence and have medium to fine textures. In
the survey area only takyric, With & heavy texture, a cracked surface when dry
and with a platy or massive surface crust and orthic SOLONCHAKS occur (mapping
;mits P1nXA and Lnvép, FVC, vv2, PlnXl, AA4 and Dxa respectively). All the
OLONCHAKS have a high ESP ang therefore a sodic Phase. 1In places a stone-
mantle, stony or petric phase occurs as well.

(f) REGOSOLS

recent iﬁﬁﬁ ;:va :?:15 :QWIW O unconsolidated materials, exclusive of
A-horizon. These 5211"1;, aving no diagnostic horizons other than an ochric
v tl’.le Nty S have an ac horizon Seéquence with gradual boundaries
calcareous at leastsl‘;gt:‘c t of the REGOSOLS occurring in the survey area are
calcaric REGOSOLS ( { o 29 and 50cm and are therefore classified as
subgroup indicated xpp;h:g e, LsVIP, LsvCl, LsVC2 and LsXp) . The othel
of 50% or higher ( ey Map are the eutric REGOSOLS, with a base saturation
in the survey are 7aPping units MPP ang HPIP) . Most of the REGOSOLS present

5 e Sk moderately deep, except in mapping unit LsXp

where the soils are deeper, ]
are indicated where ﬁppropna::?ldery' stony, lithic, petric and sodic phases

(g) LUVISOLS

$ioa Ongg:sgisma:: !ogs :ﬁh an argillic B-horizon which has a base satura-
increase in clag Udl;tente ~horizon has clayskins on the ped surfaces and an
horizon of over 1, Y :::’-"’“91‘1 illuviation resulting in a clay ratio B/A-
very permeable. m; Bidiaa ¢ SULVey area the B-horizons are still porous and
texture varies between " Stence (moi;stl is very friable to friable and the
are illite and/or kaounimdy clay lodn and clay. The dominating clay minerals
24me/100g as is the eag te. Where kaolinite dominates the CEC-clay is below
<5 in mapping unit Muc. These soils are classified as

L
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o*~ chromic LUVISOLS, being intergrades to FERRALSOLS and having

ish colours in the B-horizon. The other LUVISOLS always occur together
either CAMBISOLS or NITOSOLS. They have reddish colours in the B-hori-
bn and are therefore classified as chromic ones (mapping units UlVl, LsV2

nd RVA) . Where appropriate a bouldery, stony or petric phase is indicated.

CAMBISOLS

& OV

.\ CAMBISOLS comprise soils with an ABC horizon sequence in which the
Oorizon shows signs of alteration such as structure development, decaleifica-
I and stronger chromas or redder hues than the underlying horizon. They
ally have a subangular blocky structure, a significant amount of weatherable
als and a high CEC-clay. The consistence when moist is very friable to
ble. The pH-H20 ranges from 6 to over 7. The clay minerals present vary

i montmorillonite, illite to kaolinite. Where kaolinite is dominant, as

I mapping unit RVp, the CEC-clay is below 24me/100g and the soils are

ssified as ferralic CAMBISOLS. The other two subgroups occurring are the
€utric CAMBISOLS, having a base saturation of 50% or more at least between 20
lgﬁﬁm from the surface, and the chromic* CAMBISOLS which have a high base
iwuration in combination with red colours in the B-horizon (mapping units
mr UlV3P, RVA and UlVl, LsV2 and RVA, respectively). A bouldery, stony,
#ntbic or petric phase is indicated where appropriate.

Ll

(i) Fruvisors

5 FLUVISOLS are soils developed from recent alluvial deposits, having no
-:';_b.ﬁfl'gnostic horizons other than an, in this area usually very weak, ochric A-
mﬁm " They generally have an organic matter content which decreases
%muly with depth and show a clear stratification. They receive new

- Sediments at irregular intervals. All the FLUVISOLS in the survey area are

~ calcareocus at least between 20 and 50cm from the surface and are therefore

- Classified as calcaric FLUVISOLS. Mapping unit AAL has a stony phase, AA2 has
'@ sodic phase and AA3 has no phase.

() PHAEOZEMS

¥ PHAEOZEMS are soils with a mollic A-horizon and lacking a calcic or a

- 9ypsic horizon and concentrations of soft powdery lime within 125cm of the
‘Surface. The mollic A-horizon has dark colours and at least a moderately well
de ter.
_Mloped structure and a consistence when dry which is slightly hard or sof

" The organic matter content is at least 2%. In the survey area PHAEOZEMS with

~ @ argillic B-horizon are found in mapping unit MV1. They are classified as
luvie PHAEOZEMS, partly stony phase. A part of mapping unit RVA has ;mn ¢
Calcarecus and calcareous ones which have been mapped as haplic and calcaric
*hAHOZEMS These soils are moderately deep and stony, so they have a stony and
_Petric phase.

(k) LrteosoLs

LITHOSOLS are soils limited in depth by continuous coherent and hard 5
| Zock within 25cm of the surface. They are not abundant in the survey area an

3._'%v-nlaasified as eutric LITHOSOLS, having a base saturation of over 50% (map-

Ping units Muc and HUP).
SN

(1) verrrsoLs

.w:":{‘;. VERTISOLS are heavy clay soils which develop cracks from :hd: :ur:'a: £
o ds which are at some periods in most years at least lcm w o p




118

of 50cm. In the survey area they show gilgai microrelief (mapping unit AAS)
or intersecting slickensides (mapping unit LsV3p) and wedge-shaped structural
aggregates. Except from the A-horizon, they do not have very distinct horizons,
The A is followed by a B or C-horizon. The dominating clay mineral is mont-
morillonite which causes swelling and shrinking upon wetting and drying,

respectively.

VERTISOLS are not widespread in the survey area. They have dark reddish
brown colours and are therefore classified as chromic VERTISOLS. Wwhere appro-
priate, a stony, petric, saline and sodic phase is added.

(m)  NITOSOLS |

.

NITOSOLS are soils with an ABC horizon sequence. They are characterisei
by an argillic B-horizon with a fine texture. The increase in clay content from
the A to the B-horizon is gradual. The characteristic structure of the B-hori-
zon is strongly developed, fine to medium angular blocky with shiny ped faces.

In the survey area eutric NITOSOLS, having a base saturation or over 50%, are only
found in mapping unit ULVl where they occur together with chromic* LUVISOLS.

382 Proposed modifications in the FAO-Unesco Legend

Some remarks about soil classification and some new proposals will be
made in this chapter.

(a) ARENOSOLS

The need s £81€ €0 make a further subdivision of the cambic ARENOSOLS
in order to separate thg-gm;call_y Poor from the rich ones and both from the
calcaric ones. The foll wing additions at the third level are proposed.

= calcaro-cambic ARENOSOLS are calcareous at least between 20 and 50cm from
the surface

: fysti‘o;cambic ARENOSOLS have a base saturation of less than 50 percent, at
€ast in some part of the soil between 20 and 50cm of the surface

-  eutro-cambic ARENOSOLS, other cambic ARENOSOLS with a base saturation of
over 50 percent

area .-:11::mc3:‘\i lﬁmthey ¢ ARENOSOLS and eutro-cambic ARENOSOLS occur in the survel
g ug ' have not Yet been classified as such. In the same way

the luvic AREN coul .
ARENOSOLs.AR osars dbﬁ separated into dystro-luvic and eutro-luvic

(b)  YERMOSOLS-XEROSOLS
e ———————

A m'ajor Pm of tha area i ~T0*
: o agre
climatic zone Vv XEROSOLS o : 8 occupied by XEROSOLS. In or close to ac

5 avEes t::eagi;fg"v‘:?% PEOPerty to separate XEROSOLS and YERMOSOLS from othef
5% e 5 consecum regime. An aridic moisture regime has no perioq
e s se:;.i ¥S when there is moisture in some or all parts of
&% tion while the soil temperature is continuously above

I
e Nodso}jl.l moisture,_._ma-suxaments were carried out in the survey area but
PR, et agro-clmuc Zones VII and VI have an aridic soil moisture
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Fig. 9 Differentiating criteria between a very weak ochric, 8 weak ochric and a
¢ ey mollic/umbric A—horizon in relation to organic matter content in the top
40cm of the soil. : : (%

weak ochric A—horizon

mollic /umbric A—horizon

1
very weak ochric A=horizon £
., t;.’l'rfq
| 0.1 0.5 1.0 % organic matter in top 40cm
1' ,n‘ Y {
NGy (8) A defined by FAO—Unesco (1974)
g o g1
i weak ochric A—horizon “Er ; '
. <
= o
: 9 E
by 5
2
| very weak ochric A—horizon = .
51 g - 11y
i 1| I | 1
. + 15 2.0 P et ] 1
0.5 1.0 % organic matter in 10p 40cm Sbesso L W

der 1980)
(8) As defined by FAO—Unesco um,.u..an-.,wulmwwﬂ- jor Pouw, _
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regime. Zone V might haye an aridic moisture regime as well but in this study
soils occurring in zone V are regarded as having an ustic soil moisture regime,

The basis for m;i&th?c&%ﬁﬂi }f:l':m XEROSOLS as given by FAO-Unesco
(1974) is not very satisfactory. The difference is that XEROSOLS must have a
weak ochric A-horizon and YERMOSOLS a very weak ochric A-horizon. The weak and
very weak ochric A-horizons are separated on the basis of the weighted organic
matter content in the surface 40cm (see figure 9a). The upper limit of organic
matter content for the very weak ochric A is 1 percent if the weighted sand/clay
ratio is 1 or less. This organic matter content is at the same time the lower
limit for a mollic A-horizon,

The Kenya Soil Survey has redefined the organic matter criterion for the
limit between ochric and mollic/umbric A-horizons. According to this concept
there should be at least 2% organic matter in the mollic/umbric A-horizon
(Siderius and van der Pouw, 1980)., Figure 9 shows the differentiating criteria
between the various A-horizons when applying the "Kenyan concept". The gap
between the very weak ochric and the mollic/umbric A-horizon becomes very
apparent. This is already a better criterion than the original concept. But
still it seems that the organic matter criterion alone is not an appropriate
one.

It is also strongly felt that the limit of organic matter content is
still far too high for a very weak ochric A-horizon. Besides this, the topsoil
of XEROSOLS and YERMOSOLS is often affected by erosion and/or sedimentation
processes, leading to a decline in organic matter content and thus making it
inappropriate to use the organic matter as a diagnostic criterion. Other
criteria have therefore been tested to separate YERMOSOLS from XEROSOLS. For
example the depth of decalcification or the presence of special arid zone clay
minerals like palygorskiteWiave been appliedl) . piqure 10 shows the distribu-
tion of XEROSOLS and YERMOSOLS applying the present day criteria. The occurr-
ence of palygorskite is shown as well in this figure.

decalcii?c:tiqm“fe I:hem:mlgm and YERMOSOLS are separated on the degree of
calcarécus st iSutl otlowing hypothesis was tested. YERMOSOLS need to be
betronh BEia S GSforb;mdj_ 20 and 50cm from the surface for fine textures,
XEROSOLS have cagbo Um textures and between 50 and 80 for coarse textures:
nates deeper in the profile or are -not calcareous at all.

bfio;?e:fzn:m. (Vi1), a good correlation with the parent material
volcanic materials ( . in the new definition are mainly developed on
11) , while the redefm ng Units with a v as parent material code in figure
Basement System rocks (m‘:ms_om Occur in areas with sediments derived from
calcareous the soils ape U).  In those places where these sediments are
mainly basalts, are mficm as YERMOSOLS. The volcanic rocks, being '
vhereas the SRSENENE W’Mmd thus release calcium carbonates upon weatheringd:
In a few places the Baseme *ocks are felsic and do not contain much calcium.
these was found in the h;[]_l;t System rocks contain limestone bands. One of
may explain the occurrence sfin the western part of the survey area where it
the Korante plains fndt Of calcareous soils. Also a few observations in

P cated the presence of calcareous soils.

materia?azzdtlfz :;::; xezations it seems that the influence of parent _

influences. Therefors it gree of decalcification is overruling the climatic

AR b rid b rp €an be congluded that the degree of decalcification
g i erl@} in this area for separating XEROSOLS from YERMOSOLS .

; ¥ i
g :o.: 2;::‘9&01’ t?esihmls in the key to the soil units (classification) does
; ge, only 3"'0& and very weak ochric A-horizon criterion is
replaced by the abovel@eSeribed requirements.
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iy
~ Fig.10 Distribution of YERMOSOLS and XEROSOLS and the occurrence of palygorskite
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Fig.11 YERMOSOLS and XEROSOLS separated on the degree of decaicification
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The presence of palygorskite as a separating criterion between !
LS and XEROSOLS was also tested. It appears from figure 10 that the |
nce of this clay mineral in the survey area does not show a very clear
. However, some preliminary conclusions can be drawn. Nearly all the .
3d profiles which occur on volcanic rocks contain palygorskite, except
occurring in areas with high rainfall. In this context it should be -
that in samples from three profiles on the footridges of Mt. Kulal !
rskite was recorded, although the soils apparently do not have an aridic

e regime. i

. A clear pattern in the occurrence of palygorskite in the sedimentary
ains does not exist. Nevertheless some remarks could be made. It does not
in soils of the floodplains or drainage ways and it is also absent in

se textured soils. Palygorskite can occur in SOLONETZ as well as in h
SOLS. In some well drained soils in the sedimentary plains, where this
mineral could be expected, it is absent.

The above mentioned findings lead to the conclusion that it is not yet
ar if palygorskite is a good indicator for soil formation under strong arid
‘environmental conditions. Besides this, sophisticated apparatus is needed for :
ﬂﬁi:éebermination of the palygorskite clay mineral, which is disadvantageous .
for practical application of this criterion.

i e ————

Phases

Some remarks about the use of phases have to be made: i

- In this survey soil phases are very often present, sometimes 3 or more in
~ the same mapping unit.

- e ———
i il

‘There is a gap between lithic and petric phase and when consequently applied,
there could be an overlap between stony and petric ?hase where the petric
. _phase starts already in the surface layer of the soil.

e e e e

There is no phase foreseen when continuous, coherent and hard rock occurs

fvbetween 50 and 100cm of the surface. In'view of the rooting possibilities
" this is important. Up to now a petric phase was used for this situation, Ei
. é%*kMt most of the petric phases are penetrable for roots. So the following }f.
l ' new phase is proposed. ;
W 7

3

B Semi-lithic phase: The semi-lithic nhase marks soils whgretggntinuous i
%E*cherent and hard rock occurs within 50 to loo?mdoﬁtEEECEEE::Eiénar; gt i
. definition of petric phase should then be applie

v n
 the layer with coarse fragments is penetrable by roots-.

;15_:. i_!",- ! I
i' 3.4.3 Some aspects of soil genesis i
‘:- I. l}r-\ e 4 4
(. Some apects of soil genesis in relation to time, climate, topography {

lear relationships between soils and

. } i I

T L i

[ lope will be dealt with. Very cst of the soils are relatively young and %r 
FI |

ﬂMt material are not present as mo
;='"- ‘Seem to have been formed under climat

I

- Present day climate. hiﬁ
g

ic conditions not very different from the

Influence of climate i
i

Strongly weathered soils occur O
one 1V) tops of the Basement System mount
Ioto mountains lie within the survey area.

ains of which only the fringes of the
Ferralo*- chromic LUVISOLS with a

|
|
|
n the relatively moist (agro-climatic !.}




|
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CEC-clay of 23 me/100g were found here (mapping unit MUC). The soils occur on
some flat parts on the tops of the Ndoto mountains which could represent rests
of an old planation surface. Also on the footridges of Mt. Marsabit (agro-
climatic zone V) highly weathered soils are found (ferralic CAMBISOLS of mapping
unit RVp) with a CEC-clay of 12 me/100g in the B-horizon. The clay minerals

are dominated by kaolinite, but the pH is neutral. Weathering basalt is present
in the profile as well. The preponderance of kaolinite together with weathering
basalts and a high pH could not be explained.

It would be expected that the soils on top of Mt. Kulal and Mt. Marsabit
show properties which indicate a higher degree of weathering than elsewhere in

The pH and base saturation follow ‘this pattern but the soil classification
differs. Only on top of Mt. Marsabit a clear argillic B-horizon is present.

The soils are classified as luvic PHAEOZEMS with a CEC-clay of 50 me/100g, a base
saturation of 50% and a pH of 4.8 (mapping unit MV1). on top of Mt. Kulal

eutric CAMBISOLS occur with a CEC=clay of 28 me/100g, a base saturation betweern
60 and 80% and a pH of 6.2 (mapping unit My2p).

A kind of toposeqmoeu found on the high level uplands on Mt. Kulal
and Mt. Marsabit. On these relatively flat parts of the mountains, which are

the most stable ones, a sequence from more to less developed soils is present

from high to lower altitudes, As rainfall is Positively correlated with alti-

tude, the climatic factor could have played the leading role. Table 10 gives
various parameters of these soils in relation to altitude.

Table 10. Some soil characteristics of the high level uplands in relation to

altitude
znazginq alt:::;:de agro-clim, mc-n basen c? pﬂ-Hzol’ soil
Zone clay sat. (%) classification
(me/100g)  (3)
Ulvl ; :
1,650 1v 35 85 2.5 6.9  eutric NITOSOLS/
chromic* LUVISOLS
Ulv2 1 -
+320 Iv-y 45 80 (1.9- 6.8 chromic CAMBISOLS
(2.5
Ulv3p 1,2
1200 v 75 100  (0.5- 7.4 eutric CAMBISOLS
(1.4

1 B-hori
) riyon 2) A-horizon

A very clear
and the C/N quotient in the wh
bresent day climate on soil £

Orma A
organic C-content in the A-ho tion. Table 11

Tizon of the sojil and the agro-climatic zones
Table 11. Sga:;‘: ot_?c'-g:::?: ::nde g/n quotient of the A-horizon in relation to
Agro-climatic zone III v v VI VII
% C 3.0-4.0 2,0-2.9 0.6-1.9 0.5-0.8 0.1-0.4
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It is obvious that there is a clear increase in the organic matter
t from the low lying areas with a low rainfall to the high lying areas

a high rainfall. The range in C/N ratios is rather hi?h in agro-climatic
3 VIT and VI but values of around 7 are the most commonl

The C/N quotient of the soil under natural conditions is mainly
dent on the microbial population and its C/N ratios. Actinomycetes have a
N ratio of around 5. It is known that these micro-organisms occur in high
73 mts in arid regions with alkaline soils. Bacteria with a C/N of 10 prefer

more neutral environments (Alexander, 1976). It can be concluded that in
'.ilf_ﬁdnqical zones VI and VII where slightly alkaline soils are dominating, actino-
wﬂ tes form the major part of the microflora and that in ecological zones III
'—” ) V, where neutral to slightly alkaline soils are found the microflora consists
- Of bacteria.
.~ b) Influence of parent material and hydrology
R
- In the sedimentary plains a very clear sequence of soils from the
 western towards the eastern and north-eastern parts is present. They range
~ from coarse textured cambic ARENOSOLS, via medium textured, luvic YERMOSOLS
. with a sodic phase to medium and fine textured orthic SOLONETZ and finally in
- the north-east to fine textured SOLONCHAKS.

L2

¥ Several factors played a role in the genesis of this sequence. The
'sf.!ééﬁl‘:at is the distance from the source of the parent material. 1In the processes
ciﬂi transportation of the erosion products from the Basement System mountains

- in the west, the finer materials have been carried further away to the east and
" north-east. Another source for the sediments in the Chalbi desert are the

- wolcanic rocks which provide mainly silt size and clay particles from Mt. Kulal,
:g:tﬂm Asie hills and Mt. Marsabit.

TR The second factor is the hydrology. Water coming from the mountains
ﬂg'mn the west carries with it the soluble weathering products of the Basement

| Sysytem rocks. As these rocks are mainly felsic, sodium salts will form an
 dmportant constituent. Due to the general slope the water will accumulate more
 frequently in the north-eastern plains and by evaporation salts will accumulate.
 The concentration of the salts increases in the same direction as this general
~ slope. This is now reflected in the sodicity of the soils which is increasing
| from west to east. It has lead to the formation of SOLONETZ soils in the

~ @astern and north-eastern parts of the plains. The high amougt of Na c;n: °1f1 s
~ the soil leads to a high amount of exchangeable Na at the exc a?getgﬁi: e
 clay minerals. High amounts of exchangeable Na are leading to CES evaluztion

- the clay minerals and they will disperse easily upon wetting. - 3{1 - Ak
"’frm the topsoil takes place as well as illuviation into the su sg ;- whizh
- leading to an AE horizon with a coarse texture and an argiléizh B~ sg;o::;z o
. can become virtually impermeable. The argillic B-horizon ode :e 2¥ aoklote

- has a characteristic prismatic or columnar structure. Th: togr at/north—eas{

~ and the degree of structural formation increases from wes s e; e *

- Unit Psy5 has soils with an abrupt textural change between t'r:e 1:2ter

* borizon and shows commonly well developed, coarse D okes tion of clay minerals
~ Phenomena is known as solodization and involves the d“(;mago ;2 1979)3‘
*'i‘,'m consequently an accumulation of silicon compounds (Sz ' .

; The surface layer of the soils in mapping unit :535 :a:nge:ﬁ; :20_
. PoOr in clay that hardly any binding components are 1i::-m£r:iief. el
g1 Sion and also locally deflation have caused an irregu

- O 1
:5“1 Values of 3 possibly indicate analytica errors due to the extreme low
- organic matter content of the soils.

.l i

i
11
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places the top of the B-horizon is now at the surface surrounded by areas

with sand accumulation. The sand can be accumulated into a kind of obstacle
dunes up to lm in hei#lt,-b_iit SOm is more common., Closer to the Chalbi

desert these pseudo-dunes become higher and gradually change into real dunes,
The difference between pseudo and real dunes is arbitrarily based on the degree
of sorting of the sand. .

No laboratory data on sand size distribution are present and therefore
field data are used. More precise research in this subject is however
recommendable. The sands of the pseudo-dunes hardly show a sorting of any kind,
being evidence of transport over only very short distances. The real dunes
show a better sorting of the sand fraction, although a very good sorting was
only occasionally present. The source of the sands could well have been
derived from the eroded A-horizon of the SOLONETZ soils, deposited in the
Chalbi and after drying of the surface blown back and redeposited by the wind
into dunes. Another source could be the weathered sandstones in the east. The
greater part of the dunes overlie lacustrine sediments and thus are clearly not
the result of the SOLONETZ forming Processes.

Highly saline soils, SOLONCHAKS, are found in low lying, rather flat
Places where stagnating water evaporates and the salts accumulate. The Chalbi
desert is the largest area where water from various parts is collected. This

water is evaporated and consequently the salts accumulate. Therefore the

Chalbi desert is not a climatic but a halophytic desert. The very high salinity
is inhibiting plant growth. Other places with high salinity are found south-
east of Korr (Uga swamp) at the foot of the Marsabit lava and near Olturat at
the foot of Mt. Kulal, as well as along the shores of Lake Turkana.

s l:he :‘g'm’m System (1974) is not a classification system sensu-stricto
gend for the soil map of the world, It can be used for classifying

il
;:pe:.md for the sake of simplicity it is called a classification system in this

The
ed dui:::.a::mw (1975) , is a morphometric system as all properties
ze the soils can be measured in the field or in the laboratory.

ties as eno

ugh data were gathered during the soil survey. For the classifica-
not always the case as mineralogical data were
ble estimations have been made.

from the Soil Ta h
the FAO/Unesco Xonomy. The two systems, althoug
one is much simpler, are therefore easily comparable, especially

One of
e it rtz;j_mj?r differences between the two systems is the use of the
- e se:.hal;oich. 3.4.1). The soil moisture regime is used
€ Soil Taxonomy for all orders while in the Fao/
fnesco system QNN i A nont | for XEROSOLS and yERMOSOLS .

In appendi
i wiiﬁ t::xr:n the classification of the soils of all the mapping units
ge of soil Ccharacteristics is given applying both systems.

e




127

3ler reference table 12 gives the correlation of the FAO/Unesco and the
ixonomy soil classification. The FAO-Unesco names are put in
tical order. Some observations can be made:

neral the correlation is very good. The Soil Taxonomy has no separate
for the calcaric subgroups as present in the FAO-Unesco system.

'LITHOSOLS and lithic phases have a lithic subgroup in the Soil Taxonomy.
ases of the FAO-Unesco system are not reflected in the higher categories
Soil Taxonomy. They only appear at family or lower levels (e.g. stony

‘skeletal textural class).

2. Correlation between the FAO-Unesco and Soil Taxonomy soil
classifications

25C0 Soil Taxonomy

ARENOSOLS Typic Torripsamments
ARENOSOLS Alfic Torripsamments

CAMBISOLS i 1) Typic Ustropepts
CAMBISOLS (lithic) Lithic Ustropepts
c* CAMBISOLS Typic Ustropepts
lic CAMBISOLS Oxic Ustropepts
jc FLUVISOLS Typic Torrifluvents
LITHOSOLS Lithic Torriorthents
>* LUVISOLS vdic Paleustalfs
c* LUVISOLS Aridic Haplustalfs
o*-chromic LUVISOLS Oxic Haplustalfs
¢ NITOSOLS udic Paleustalfs
ric PHAEOZEMS Entic Haplustolls
1c PHAEOZEMS Entic Haplustolls
 PHAEOZEMS vdic Argiustolls
¢ REGOSOLS Typic Torriorthents
¢ REGOSOLS (lithic) Lithic Torriorthents
'REGOSOLS (lithic) Lithic Ustorthents
SOLONCHAKS Typic Salorthids
ic SOLONCHAKS Typic Salorthids
€ SOLONETZ Typic Natrargids
¢ VERTISOLS Typic Torrerts
¢ XEROSOLS Typic Camborthids
XEROSOLS (lithic) Lithic Camborthids
*1C YERMOSOLS Typic Calciorthids
C YERMOSOLS (lithic) Lithic Calciorthids
YERMOSOLS cambic Gypsiorthids
Llc YERMOSOLS Typic Cambor thids
t1c YERMOSOLS (lithic) Lithic Camborthids
1¢ YERMOSOLS Typic Haplargids
* YERMOSOLS vertic Camborthids

s e
- e . e i —.
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3.5 SOIL PHYSICAL ASPECTS

; i

3.5.1  Bulk demsity

The bulk density of the soil is the weight of oven dry soil per
unit of volume, mostly expressed in g/cm3. Bulk density measurements were
carried out at samples of 14 different soil pits. Unfortunately not enough
data were collected to arrive at conclusions about the effects of soil
degradation on the bulk density in areas with accelerated erosion around
villages and watering points. In table 13, some bulk density figures are given
in relation to soil type and parent material.

Table 13. Bulk density of some soils in relation to soil type and parent

material
No. of samples bulk density (g/cm3)
soils on sediments derived
from Basement System _ A-horizon B-horizon
YERMOSOLS _ 8 1.60 1.62
SOLONETZ - 1.67 1.61
s0ils on various volcanic rocks 2 ¥.2

Some prelimenary conclusions can be drawn from this table:

= There is no si

gnificant difference between th ERMOSOLS an
SOLONETZ. . en the bulk density of Y

- There is no significant difference between the bulk density of the A and th
B-horizons of the above mentioned soils.

The

3:11': i‘;ﬂgﬁf > hedor influence of volcanic ashes, which usually have a

these data a:edz:ity, on the parent material. It has to be mentioned that

slopes of Mt ived from two soil profiles only, located on the northerd
« Marsabi t. Generalisation, therefore, is not possible.

3542 Seil moisture
M e et S

Soil moisture. The soil moisture storage
£ though the soil structure and the
role as well. The capacity of th & i
vater ig Yy © e so to retain
Very important as the vegetation in the survey area has to rely sole!
Stored in the soil because groundwater is hardly any-
the root-system of the vegetation.

source of “T::esr:‘:higitation' almost entirely in the form of rain, is the onlY

. can enter the soil. However, not all the rainwater w

may exist. If théf:c: gf thf" soil will enter. Several loss factors or barri®

the soil, runofe : ainfall intensity exceeds the infiltration capacity of
Will take place. The amount of runoff is a function of

I»
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factors of which slope, texture of the topsoil, vegetation cover and
resence of a surface crust or seal are the most important ones. Surface
ng is present in the area but is not continuous. The crust is rather
and when moist it is very permeable for water. Slump crusts only occur
2as with a heavy textured topsoil and these are not widespread.

lly speaking no impermeable surface horizons occur. It has however to
ntioned that in places where the B-horizon of the SOLONETZ is at the

ce, water stagnation takes place. For the nomades of the area this has a
ive effect as these shallow pools serve as temporary water-points for

» livestock. Mainly due to time constraints no infiltration measurements
carried out.

3 The amount of water retained in the soil against the force of gravity
saturation is called the field capacity, often expressed as a volume

tage. The binding force with which the water is hold is low and

erally a corresponding pF value of 2.0 is accepted as the tension with

oh this water is hold. A pF value of 2.0 corresponds with a tension of

atmosphere (0.1 atm = 100 cm water pressure; 1log 100 = 2). The permanent

ting point is usually set at a pF of 4.2 (corresponding with a tension of

tm). The Kenya Soil Survey uses a pF value of 2.3 for field capacity and

of 3.7 for the upper limit of inhibited growth. The amount of water stored

PF 2.3 and 3.7 is regarded as readily available water for the plant.

ver, in the case of a natural vegetation which is adapted to harsh

itions, the plants may be able to extract water from the soil up to a pF

4,2. That is the reason why the total amount of available water for this

'vey is based on the difference in moisture content from between pF 2.0 and
‘From only a few profiles in the area reliable pF data are available.

d on these data and on experience elsewhere (e.g. Braun and van de Weg,

7), a tentative relation between texture and total available soil moisture

d be established. Table 14 gives the total available moisture percentage

‘relation to the texture.

le 14. Total available moisture (pF 2.0 = pF 4.2) in relation to texture

total available soil moisture
(volume %)

20
17
15
12
10

6

- sandy clay

clay loam

: The amount of water available for the plant depends Z: thihe 5 44
tity of water infiltrated, the soil moisture storage cagac {i e

pth and the rooting depth. The soil depth indicated on the :o 3 :ghef

to continuous coherent bedrock. ' Roots may however experience

. i etrating the soil. In this':espect.
B ey, 1 dar pegf the area are inhibiting factors for

st salinity or sodicity in parts . %
t gavelopmeit.r z:lculazions on soil moisture avaiiabtizzz;' and length of
fowing season are carried out in chapter 4 (Land evaiud *
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3.5.3 Soil moisture regime

Both in the FAO/Unesco Legend of the "Soil Map of the World"
(1974) and in the Soil Taxonomy (Soil Survey Staff, 1975) the soil moisture
regime is used for the classification of the soils. The FAO/Unesco System only
uses the aridic soil moisture regime as the diagnostic criterion for the
XEROSOLS and YERMOSOLS (see chapter 3.4 on the soil classification). In the
Soil Taxonomy the soil moisture regime is used in defining classes in the very
high categories. The moisture regime is regarded as a very important property
of the soil as well as a determinant of processes that can go on in the soil.
E.g. for the movement of salts, leaching of elements and the formation of an
argillic horizon water moving though the soil is a pre-requisite (Soil Survey
Staff, 1975). The determination of the moisture regime can best be done through
long term measurements. As these data are scarce, an estimation of the soil
moisture regime can be done by relating it to meteorological records.

In the survey area, no soil moisture weasurements were carried out,
but from the available climatic data some conclusions can be drawn. The agro-
climatic zones VIT and VI, receiving a low rainfall and having a high potential
evapotranspiration, certainly have an aridic soil moisture regime. In the
aridic moisture regime, the moisture control section in most years is (1) dry in
all parts more than half the time (cumulative) that the soil temperature at a

8° C. The moisture control section lies approximately between 10 and 30 cm for

fine textured soils, betyeen 20 and 60 cm for medium textured soils and between

30 and 90 cm for coarse textured soils.

The soils in agro-climatic zones III and IV, corresponding more or

area, ghere the difference between summer and winter soil temperatures is less
than 5°C, defined as follows. The moisture control section in the ustic
moLedy regimg is dry in some or a1l parts for 90 or more cumulative days in
TMOSt years. But the moisture control section is moist in some part for more

than 180 cumulative days, or it is continuously moist in some part for at least
90 consecutive days,

, and sometimes over 150 days with availabie moisture in zone V. Although these

days are not always consecutive, the results approach closely the requirements
for an ustic g‘oﬂ. moisture regime

3.5.4 Soil rature

temperatill g": :“Wonture of the soil is an important property. Soil .
processes s m"ﬁﬂﬂenble influence on biological, chemical an¢ physical
were done. Van Wijnq In the Survey area no soil temperature measurements
measurement;'.j,n-m Tu-rden and van Engelen (1975) have published extensive
major partais e 8avo area and although the air temperature in the

that their @ata hﬁmmy area are higher than in Tsavo, it can be expected
conclusil m iva‘mlm for this area as well. Therefore, some of their
tenperatureiil ghe :ubelow. The vegetation has a pronounced effect of soil
30 em of theiEE ly temperature‘range, especially in the top

e + On a bare surface, values of twice the average monthly

b
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um temperature where measured, whereas under a tree cover the tempe-
es were 10 to 20 C lower. Below 30 cm depth the daily and monthly

lons in soil temperature areorelat%vely small. At 30 cm the soil
ature in the open is about 1~ to 2 C higher than the average monthly

m temperature. Unger a tree this is comparable to the average

1 temperature or 1 C less. Rainfall has a reducing effect on the soil
ature.

1 The greater part of the survey area, at least agro-climatic zones
and VI and probably zone V, has an_isohyperthermic soil temperature regime.
mean annual soil temperature is 22°C or higher and theodifference between

y mean summer and mean winter temperature is less than 5 C. Agro-climatic

s III and IV are likely to have anoisothermic soil temperature rggime.

y mean annual soil temperature is 15 C or higher but lower than 22°C with a
erence of less than 5 C between summer and winter.

B e e e ——

SOIL FERTILITY ASPECTS

In order to assess the soil fertility, only the chemical aspects are l
onsidered. Of the many methods for the determination of available plant i

nutrients, the Kenya Soil Survey currently uses the Mehlich method for the
lyses of composite topsoil samples from 0-20 cm depth (see chapter 2.2).
‘this analysis only P, Ca, K and Mg are being considered. Available P
not always determined with the Mehlich method, but often with the Olsen
method. The results of this method may be higher than those obtained from the |
alich analyses as the Olsen method was originally developed for soils with il ]
high pH. As a matter of fact most soils in the survey area have such a pH. I
he classes used to define the soil fertility status are given below in table i
- 15 and were derived from Legger and van der Pouw (1980). The classification :
'i:ﬂﬁ*f‘vailﬂble P (P-Olsen) is based on ficures given by Singh (1979) . |
R 1

1 =

le 15. Classes of fertility status of P, K, Ca and Mg. il

Mass analysis (Mehlich, 1962) ‘EJ
11

§ P-Olsen available P available X available Ca available Mg i:

T (ppm) (ppm) (me/100g) (me/100g) (me /100q) I
- very low) ) 0-0.3 0-2 o-1

o ) ©0-5 ) 0-20

Clow ) ) 0.3-1.0 2-6 1-3

 moderate  5-10 20-80 1.0-2.0 6-10 3-6

~high 10-20 80-200 2.0-3.5 10-20 6-12

ve high 320 200 >3.5 >20 >12

. 1 '°ry higl
.agﬁ“‘

These classes apply to the agricultural use of land and more in

Particular to the southern part of Kenya, while in other par:s O:azze IS::d;
. Qifferent criteria are used. For example for K deficiency, amp 9

~ value of 0.1 me/100g exchangeable K (in: Mongi and Huxley, L

] soils in the survey area deficient in K.
- @pplying this criterion, there are no the topsoll Bnd 14G4200 me/100g K

They mostly have around 0.5 me/100g K in
gl aubgoil. ;gwever. when using the classes from table 15 several soils

- vl

-
Lhe B

vy

o 0
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are low in K.

‘The requirements on the soil fertility for the natural vegetation
are not known. Therefore, it is possible that the above mentioned classes are
not very meaningful, but in the absence of better criteria they have been used
in chapter 3.3 to assess the soil fertility status of the different mapping
units.

It is assumed that in the greater part of the survey area the

soil fertility is not limiting the production of the vegetation. This is
based upon the following observations:

- The availability of nutrients is almost everywhere moderate or higher,
especially when for available K a limit of 0.1 me/100g is used.

- The N-content especially in the dry parts of the area, is round 0.03%
which can be considered as low. This nevertheless amounts to about 960
kg/ha in the top 20 cm only. At the beginning of the rainy season the
mineralisation will be rapid and a flush of N will become available. Most

of the herbs and bushes in the area are legumes and therefore have very low
N requirements.

- From experiments in Mali, where the chemical soil fertility is even lower
than in the survey area, it appeared that below an average annual rainfall
of 500 mm, soil moisture and not the fertility was the first limiting
factor (Penning de Vries et al., 1982). Mali has a single rainy season,
whereas the survey area has a bimodal rainfall pattern. The rainfall limit
may therefore be even higher in this area,

In appendix 5 a summary of the chemical fertility status of the
soils is given. As the fertility in the ma ;
ieimiting factor for the vegetation Production, no extensive descriptions will

given. However, some general remarks can be made.

those part:h:;‘:::ni:ei ::“mt in the topsoil is generally below 0.5% in
mountain tops a steep i th an Qridic 80il moisture regime. Towards the’
rainfall. On the togs 2;‘“& in organic matter occurs, related with a higher
may occur. The 1i the volcanic mountains an organic C content of 4%

: qua’lty of the organic matter is high as the C/N quotient

When 1 ‘at the p
: =status of the soils it is remarkable that
the high av:
€ highest levels of available P are foung in the soils developed on

Basement System rock edi
#01ls 4n) the: whole o . S, thus in the Hedad and Elgess areas. The

Abie hilly, west and prt Part of the area, on and around Mt. Kulal, the
sloves. of ;Jt Marsabj.fg h: of the Chalbi and the northern and southern
P. This couid g ;30 :he ﬂplgw to moderately high content of available

5 . e ; : "
volcanic ash influencell ixing Capacity of soils which have high
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SALINITY

From only a few profiles in the survey area the composition of =
e salts in the saturation extract of the soil was determined. The
give a rough idea of the composition of the salts in the soil. In
the results are summarized. For the location of the profiles,

6. The composition of the water soluble salts in the saturation
extract of some saline soils

ition No. 42-9 42-9 42-9  42-10 42-10 42-13  54-8 67-16
(cm) 40-50 50-70 90-100 10-30 30-45 130-140 135-170 40-50
ivity s
cm) 5.0 6.5 15.5 4.5 3.5 8.5 20.5 2.5

B Mme/1)”  27.8 45.2 121.7 10.4 8.0 ' 6.5 161181 29%1A
g = » 0.7 0.3 0.2 2.0 4.0 0.4 0.3 0.8
u n.d 7.4 596" 8.0 20.8 7.6 23.2 21.2

n n.d 9.6 1.2 5.0 4.9 0.8 28.0 0.4

e o o) 0 0 0 2.4 3.6 2.0

» 5.6 6.0 5.6 6.4 Gk <124 6.8 9.6

5 25.6 53.4 130.0 27.4 23.4 60.0 183.0 218.0

ol 5.1 2.4 5.3 6.9 6.8  10.3 11.8 18.4

¥ The main components present in saline soils are sodium and
ide. Calcium, bicarbonates and sulphates are of second importance.

B | LT Tl L
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4, INTERPRETATION OF THE SURVEY DATA

4.1 INTRODUCTION

The function of the land evaluation is "to guide decisions on
land use in such a way that the resources of the environment are put to the
most beneficial use for man, whilst at the same time conserving those
resources for the future" (cf. FAO, 1976). The land evaluation therefore
should be part of an overall land use planning process. The different
surveys have provided data which can be analysed together in order to arrive
at a land suitability classification for various kinds of land use.

The methodology used for the land evaluation is principally based
on the "Framework for Land Evaluation" (FAO, 1976). Other useful information
was obtained from various reports, published by the Kenya Soil Survey and
from discussions with IPAL scientists and various staff members of KSS. The
basic approach is first to define the land utilization type (LUT's) which are
relevant to the survey area. The second step is to determine the requirements
which are important in the evaluation for the chosen land utilization type.
These are presented as conversion tables. Thirdly is the determination and
rating of the land characteristics which contribute to the rating of each
land quality. After that, the rating of the land qualities has to be made for
each unit of land being considered. The ratings of the land qualities for
each unit of land are matched with the requirements to determine the land
suitability for a given LUT by using the conversion tables.

The most relevant LUT's for the survey area are:

5 g::::;:alism (extensive grazing and browsing by camels, cattle, sheep and

- Protected forest and/or game reserve

= Smallholder, rainfed,

mixed f n
technoider e it arming (agriculture with dairy farming), low

Pl f::athngr Pastoralism will be treated first as this one is the most
CoEupiad b A t’mi’ area, More than 90% of the area is presently
S type of land use, although the intensity varies considerably

from place to place The suitabili
. v cl
treated for two different aituat:l.onsl: QR b aanonalien xi L be

(a) The current suitability

The curr
animal production, ?::;utabnity for pastoralism which has as its main aim

ndary production) is very much determined by the land
The carrying capacity is based on
, if necessary, for

(b) The potential Suitability

The potenti
is believed thai, due :i Bllitabi]_ity can be higher than the current one as it

Balit vttt the T mpoor Mmanagement, the actual vegetation is not in
those land qualities infl

the climatic conditions. For a potential suitability:

ueéncing the r¥imary production will be treated as well
secondary production.
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: Other less relevant LUT's will be treated briefly in chapter 4.4
1 ‘recommendations on land use will be given. These LUT's are: forest and
pe reserve and smallholder rainfed mixed farming.

CURRENT SUITABILITY FOR PASTORALISM

Description of the land utilization type and approa\ch to the
suitability classification

The LUT pastoralism is dominant in the survey area. Pastoralism
be described as nomadic to semi-nomadic extensive grazing and browsing
. the natural vegetation by camels, cattle, sheep and goats. The tribes in
area have the right to use the land but as a rule the different tribes
not use the same geographic area. Within a tribal area the people have
sn access to the land. Herds are often owned by families or households,
. rather than by individuals. Herd sizes may vary considerably; from a few
camels to over one hundred. Some families or clans move around with their
3es and animals (nomadism) while others are settled in a certain place and
their herds move around (semi-nomadism). The common livestock species
e camels, cattle, sheep and goats. Camels are the preferred animals and
sir possession contributes largely to the social status of the owners. The
products of the camels are milk and blood. Some castrated males are used as
package animals. Cows produce milk and are sometimes also bleeded. Sheep
and goats produce, besides milk, meat for local consumption. Some animal
Mes and skins are marketed but at very low prices, due to the absence of a
- good marketing system.

- Capital investment per ha as well as labour and veterinary inputs
.~ Per ha are very low. The present infrastrature is very poor while technology
’{- and management levels are low (traditional). As a result the family income
~ is extremely low. The different livestock species are herded separately,

~ except for sheep and goats which are always herded together. Often the
";.-:"herds are split up: the weak and the lactating animals stay around the home-
. stead and are looked after by the small children. The main herds (camels)

- may go out for weeks and up to 200 km from the homestead. They are kept in
- satellite or "forr" camps and are herded by grown up boys and girls. The

= m of the family has a mangement function: he decides where and when to

- move herds or camp, where the animals are watered, etc. The present manage-
~ ment needs improvement as parts of the area are over-utilized whereas other

Parts are under-utilized.

i The primary production is the most important land quality in the

B b nination of the land suitability. —The'vegetation. componentj quant™=y

as d
as well ding factor in the determination of the allowe
Reg iYL Ehe Lo he survey area under the present

. maximum off-take of forage and browse in t
"‘)h’"@irmmstances. The primary production was determined by the IPAL rangeland

~ scientists (IPAL, 1983) and is supposed to be correlated with the above-
“M standing crop biomass of the dwarf shrub and herb layer. The data are
- only based on two wet season surveys so they should be regarded with cat;tiqn.
~ In determining the carrying capacity, based on the standing biomas:j,.tonolfr :he
~ Certain percentage of the biomass is used. The usable forage quantity

_‘l'&b':b and dwarf shrub species is estimate
. biomass. For the dwarf shrubs the estima
~ Of the standing crop, while for Duosperma erct
- shrub), it is estimated at 113. Of the standin
~ 18.5% is considered to be available as forage.

d at 37.5% of the total standing crop
ted usable forage biomass is 18.5%
mophilum (a particular dwarf

g dead annual grass, only

S
e e ——

Fmsn ==
-
e
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Wood and foliage production of the large shrubs and trees are
obtained from growth measurements combined with destructive sampling. Tree
and large shrub foliage and fruits constitute a part of a normal diet of
camels and goats (about 30%), sheep (10%) and cattle (1%) (in % of dry matter
intake). If it is assumed that these proportions of the total intake are
required for the optimum health and productivity of the species concerned,
then it follows that the total tree and large shrub browse production which
is available to the livestock, can be a limiting factor affecting the
carrying capacity of the range, especially with respect to goats and camels,
Thus in determining the carrying capacity of each range unit, the lower value
of the available fodder in the two main canopy layers is taken. To estimate
the available fodder from the foliage production, half of the palatable
production is taken. For sheep and goats a quarter of the palatable foliage
production is taken, because of the lower availability of tree foliage to
those animal species.

To calculate the carrying capacity the following intake values
are used (kg dry matter): camels, 4.81 kg/day; cattle, 4.45 kg/day; sheep,
0.76 kg/day; goats, 0.84 kg/day. The calculated carrying capacity, which is
thus related to the primary production, the desirability and the palatability
of the vegetation are combined with the other land qualities to arrive at a
final suitability classification.

4 The specific land factor analysis required from the soil surveyor
S, in this case, related to the land qualities accessibility and resistance
to erosion. The possible limitations caused by these land qualities lead to

Some land qualities, like natural fertility and soil moisture

Hinderance of the ve eta £
low and will not be oot diet s getation for livestock is considered to be

-

are no areas with special risks for animal diseasesl) and

absolute A
The Swrazzgi?gélutg: s e figure, the better the land characteristic.
scale from 1 to § g oo S0 2 eiGht factor. This explains why the full

8 Dot always used ang Jumps from 1 to 3 to 5 may occur.

(a) Acceasibilil:x

The 1
characteristics;

and quality accessibility is composed of the following land
~ steepness of the terrain

= stone or boulder cover of the soil surface

= occurrence of floodj.ng

e —
1) Pers comm. pr, Field

”
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“31 As the requirements vary for the different animals commonly kept
 area (camels, cattle, sheep and goats) , a separate rating is given for
les. As sheep and goats are always herded together, their
nts are combined. Table 17 gives the subrating for the land
cteristic steepness of the terrain.

17. Subrating for the steepness of the terrain

slope class

th; cm ct sg
A,B,C A,B,C,D A,B,C,D

D E E

: o 1 e

E >E -

>E - -

camels ct = cattle sg = sheep and goats
class 0-2% B: 2-5% (C: b5-8% D: 8-16%
16-30%

A
E

In table 18 the subrating for the stone or bouldery cover of the

e 18. Subrating for the stone and/or boulder cover of the
soil surface

cover with stones/boulders (%)

ating cm ct sg
0-50 0-50 0-80
- _ >80

50-80 50-80 =

>Bol’ _ ]

>802} >80 -

‘camels ct = cattle sg = sheep and goats

- 1In case of stones 2) in case of boulders

% In table 19 the subrating for the occurrence of flooding is given.
ng is limited to a few small areas and to the Chalbi d::z:t;f ih:o 6

on of flooding varies locally from a few days to a Tax o,

8 per year. Flooding influences the accessibility only slightly.

e 19, Subrating for the occurrence of flooding

ating flooding

absent
occassionally present

S ——
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The final rating for the accessibility, schematically given in
table 20, is determined by the most limiting factor of any of the three
subratings. So if for example the subratings are 1, 4, 1 respectively, the
final rating will be 4. A combination of 4 with 4, with 1 or 2, will end up
in 5.

Table 20. Final rating for the accessiblity of the terrain

subrating for

final rating degree of

accessibility steepness cover with flooding
stones/boulders
excellent ; : 1
good 2 2 2
3 moderately well (2 3 2
! (3 2 2
4 poor (3 3 2
(4 3 2
(3 4 2
5 very poor 4 4 2

(b)  Resistance to erosion

The land quality resistance to erosion is composed of the
following land Characteristics: o

- slope class
= texture of topsoil
= @erial cover of the vegetation
ﬁ;l::::r:ymd:;f::osion of the s0il is assumed not to be directly
ent animal species. The mean density of the livestock

ii’:-l::i::&in the area ig very low: 5.09 livestock units per km2 (1 livestock
equivalent of a 250 kg cow; after Field in IPAL, 1983).

L L]
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Subrating for the slope class

|
!
slope class slope percentage !:
A 0-2 “
FHES ©
AB,B 0-5, 2-5 '
c |
1
D 8-16 I
E or steeper >16 !d
|
L
!
1

1

Table 22 gives the subrating for the texture of the topsoil ] !
_ th). The texture of the topsoil is expected to have a il.d .
- correlation with the infiltration capacity. The subrating will be upgraded A
~ with one class if the surface is exceedingly stony or exceedingly bouldery it 8
ﬁwuctive cover) . I

- ‘_' - {

|

g;ma 22. Subrating for the texture of the topsoil (0-20 cm depth) i

=ual i
 subrating! I
- Subratin ) texture ! |
T _ it
: - sand, loamy sand !. ;
:‘:;;-2 sandy loam, sandy clay loam | :
3 loam, clay loam or finer ;I:l 1

1) upgrade one class if exceedingly stony and bouldery |
128 !
e | Another characteristic influencing the resistance to erosion is ":
- the aerial cover of the vegetation. In this respect the perennial grasses b
~ and the dwarf shrubs play a very important role since they are present the !
~ whole year round. The annual grasses germinate rapidly afer the first i
- rains, but they also die off quickly due to lack of soil moisture which is i |
~ enhanced by their shallow rooting depths. They may contribute to erosion i |
~ control for short periods only. Large shrubs and trees have both a negative .|"j
~ and a positive effect. The rain drops falling from the branches and leaves are

3‘“’9@ and cause a splash effect on the surface (when bare) . The roots however i
may protect the soil from being transported. It was decided to use as vegetation | I
FWer parameter the percentage aerial cover of perennial grasses and dwarf | i
shrubs plus 50% of the aerial cover of annual grasses and herbs. Table 23

Shows the subrating for the vegetation cover.

i
- Table 23, subrating for the vegetation cover il
; i

- ratin vegetation cover (%)
I 1 R
R
3 20 - 50
5 <20
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The rating for the resistance to erosion is composed of the sum

of the subratings for slope class, topsoil texture and vegetation cover.
Table 24 shows the final rating for the resistance to erosion.

Table 24. Final rating for the resistance to erosion

rating degree of resistance sum of subratings (slope class, texture
topsoil, vegetation cover) N
1 high et 3-6
2 moderate 7-10
3 slight _ 11-13

The ratings for accessibility and resistance to erosion can be
combined into an overall rating for the different soil mapping units in the
survey area. The possible combinations of the ratings of the land qualities
accessibility and resistance to erosion are given in table 25,

Table 25. Combined rating for the land qualities accessibility and
resistance to erosion

resistance to erosion

accessibility 1 2 3
1 1 2 3

2 1 2 3

3 2 2 3

4 3 3 4

5 4 4 4

4.2.3 From land qualities to carrying capacity

The u“_-_‘?f the Suitability classification is to arrive at a
realistic carrying capacity of a lang unit for the different types of
animals. Carrying capacity figures derived from vegetation only have been
calculated by the rangelang and livestock ecologists of the IPAL project
(IPAL, 1983). The accessibility of the area for the different livestock
species and the erodability of the soil may influence the carrying capacity
in a negative way. Poorly accessible areas will reduce the number of animals
40 that area, eveNigy there is forage available. Areas which are succeptible
to erosion need to be protecteq in such a way that the protective vegetation
Therefore the off-take by the
d one which is based on maintaining
This can be achieved by reducing the

cover will remain and/or can be increased.
livestock should be less than the calculate
the current vegetation potentia),
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Reduction factor for the initially calculated carrying capacity

(by IPAL, 1983) based on limitations caused by accessibility and
resistance to erosion

| rating for accessibility and reduction factor for the
iIce to erosion calculated carrying capacity

1 0%
2 25%
3 50%
4 75%

In some cases extrapolation of the calculated carrying capacity
essary as the IPAL range type mapping units do not always coincide with
il mapping units. The carrying capacity figures have been modified
rding to the reduction on factors given in table 26 and can be regarded
recommended ones under the current circumstances. The suitability
defining criteria (viz. the carrying capacities) are shown in table 27.

* 27. Current suitability rating for pastoralism

2
suitability reduced carrying capacity (animals/km”/year)

class camels cattle sheep goats
high 6-10 16-30 31-60 11-20
moderate 4-5 7-15 13-30 7-10
marginal 2-3 3-6 5-12 3-6
sub-marginal sl s2 <4 $2

The different livestock species may occupy an area at the same
8, as they mostly use different parts of the same vegetation or prefer
erent species. For pastoralism, in this case extensive grazing and

ing, the class "not suitable" is omitted as this one only exists if

® is really nothing to graze or to browse (e.g. the Chalbi area). There-
 thedlass marginally suitable has been subdivided into marginally

ble and sub-marginally suitable.

Results of the current suitability classification

A detailed list with the subratings, ratings and the final ratings
land qualities for every mapping unit and per livestock species is_igivu;n
andix 6. It has to be stressed again that the given carrying_cap;gsty

28 are the best possible estimations, based on IPAL data (IPAL, 1 a).
figures however, need to be handled with care and may change as soon as
Precise data on the primary production become available.

The results of ghe suitability classification ar; summarised in
28 following the same order as on the legend of the soil map. . :




In these cases the

ven first, followed by the less frequent
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In some cases in this table especially with complex soil mapping

units, a range of suitability classes has been given.

most frequently occurring class is gi

one.

per mapping unit and per

Current suitability for pastoralism

livestock species

Table 28.

extent
(x 103 ha)

(aminals/km

recommended carzying capacity
)

suitability class

=

@A~ NO®

e
-

(e ]
™M

(=]

. . .
MmO AN AmOA

m ™M

MOMOA™MmO~<
™M un N ™M

@ @
NOYmMmOoOwmmMummm

@ @ wn un @
-

o™

wn
X
M Mo AN

. . R e e
012?122332020106

wn

1

™

un

N OO™mO
OO mMoOn
—~

@® w1 ©
. =
MMM

- -
5151555156545

w <

119.3

1%

12

s & @ - « | - - - - -
1231011111110101?

444444433333..a.22332332.433333334333333343431

NMOMANNUOEOWOWANNMNONDO N OAFTNMDODO AN O~ O (@)
4“4“78.210_111155 T MOMOUMNMANQOIOFTOAODW O
~ — —~ — — - ~ 2%9 ™m ™~ L o~ <
@
™ n
1 . -~ —— —
Ts} NN n wn ™~ ™ ™M NN o
. U Sl . a8 . . . 0D 0 + O P e N T
o~ O 0000 T MM OAAMANANNSEOMAM
VvV VvV Yy
w© (Ty]
- -
7 8,55
| ™~
n wn § In 3 ™ mn m (0]
. . n s MmN 0O oOr~mMmmMm~ ™ s s ~O"D
m 2“011@443233545221325155
.m ™ O™ w ™Mm m
#3837 i . e
a lemv ™M @ @ @
= = 1~ 1 o N B
Bm.1353._ nawmm 0 OoaWwmMuuy O (Te}
- . . L B B T o B L = e | - - . . = = 0 Ll Te ]
o~ 001m221102212223022
S Site, i
» . . .
E1 e
T3 TIER 00 P S MR Y D A0 U D 08 00 Ay et D
- IO...I *® & & a - l.l..ll’lll..
o oo @ m Q.l oO™N O™ m_ZAZ OO0~ ~0MNODOOMH
T
MmN NMm o
in
3224244241124d.43l122342343124443444344433443443
Ll ¢ N Rl S by
g
4234344341124433113334334412333333434443
TI938 e
F=4
444444444444343434334433434433

SRR W o o e o

o Mo
2 £3 34
o ] A Qi o o 0, g ~
57 gefogeensusin s 9ud00eneffe 50, aes
S 0N & DunwNg e e m. TR ANm g & M.PAP —
25 EEE&z EDUUUUULLLLLLLLLMM m mmwwwwwmmmmnrmmmmm
— e — T By e RIS O i 11




143

4
(contd.) < i
recommended carrying_capacity extent ,
suitability class (animals/km?) (x 10° ha) :
B, Sk, &b g cm G 2 g |
e 3 3 1 7 4 8 L5 22
2 3 2 2 4.5 6 12.8 8.3 22.8 |
2 i 3 2 4.5 L a3 8 94,2
B I00R vith 231y 1 3.5 7 2.5 86.1
1 3 3 1 7 3 6 17 3742
3 3 3 2] 152 2.3-3 4.5-6 3.8-5 38.8
R A - 0 0 0 0 59.6 It
- - - - 0 o) o) o) 10.1 'B
Bk el el 0.4 0.8 1.5 0.8 8.0 ,
3 4 3-4 2-3 2.3-3 1.5-2 5-3.8 7-5.3 11.4 I
4 4 4 4 0.8 0.4 0.8 1.5 1.4
3 4 3 2 3 2 5 7 5.9
3 I ¢ 2 3 20 43 8 31.7
3 3 3 3 3 6 12 6 2.1 I
3 2 2 3 2.2 11.3 22,5 4.5 10.5 .]
4 3 3 3 0.8-1 3.8-5 7.5=-10 2.3-3 13: 4 ;
4 2 2 3 0.8 8.3 18.8 2.5 55.2

cm = camels; ct = cattle; sh = sheep; g = goats |

. In case of a range of suitability classes, the most frequently occurring
~ Suitability class is given first, For some soil associations a sub-
division is made in the soil mapping unit. For more details of the
Sub-units see ch. 3.3 and appendix 1.

= not determined.

L It can be seen from this table that highly suitable 1agd forlcam:i:ahle
d goats comprises units PsUl, PsU2 and PsUAL (158,700ha). Moderately ;10 600ha
camels are unit Psu3 and PsU4 (117,000ha). Marginally suitable are ' '
€ the rest of the survey area is submarginally suitable. W

Highly suitable for cattle and sheep are units bl glvzﬁviavéiV§§VBp'
P and AA3 (81,000ha). Moderately suitable for cattle are units ttl' are :

5 of RVA, AA5 and DXA (111,000ha). Marginally suitabl;lfor i: blz

+600ha, while the remainder of the area is submarginally suita &

Moderately suitable for sheep are units HVIESnggéong' H;:zéi:igiz'
Cl, LsvC2, Lnv2, parts of RVA, PsU3, AA5 and DXA g y

itable are 500,900ha, while the rest is submarginally suitable.

| t. Moderately suitable for goats are units MV1, MVﬁg; T:§i1$8:Eiéat::cz'
Lave, Psu3, Psu4, AUC, AA2 and AA3, {609.OOth.bmaL])w:e g :

4,000ha, while the rest is submarginally suitable.

The only area which is totally unsuitable for all livestock species

albi desert (69,700ha).
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4.3 msumnmmmsu
__'—"'———I—-—_—_,_.____-

4.3.1 Description of the land utilization type and approach to the
suitabi]ity classification

As stated earlier, at present the vegetation is not in equilibrium
with the soil and climatic conditions. The main reason for this is the
influence of the nomadic societies on their environment. One of the goals of
the proposed management plan is to arrive at a Ssituation whereby the people
of the area can live in good harmony with the environment to the profit of
both man and his surroundings. This kind of situation may be achieved 20 to
50 years after implementation of an adequate management system for the natural
resources (IPAL, pers. comm.), An important aspect of a pProper management is
that the recommended carrying capacity, indieated in table 28, will not be
exceeded. In the potential situation, both quantity and quality of the
vegetation will be in a far better equilibrium with the soil and climatic
conditions than at present. It is quite Possible that the existing trends of
sedentarisation will continue. However, the herds will have to remain mobile.

The LUT pastoralism (nomadic to semi-nomadic, small scale, extensive
grazing and browsing of camels, cattle, sheep and goats) is basically the same
as for the current situation (ch. 4.2), However, some attributes will change.
The marketing structure will be improved ang consequently more of the products
will be sold at higher prices. The infrastructure will be improved and

Tent per ha is higher than in the Present situation, though still low. Labour
input will not change very much, The family income may be somewhat higher

I marketing structure. Veterinary
» but is higher andg more efficient than
vements may have taken place, such
«+ The level of technology will be

4.3.2 Land qualities and their ratings.,

To arrive at a potential suitabili ' Lti
ty classification, those qualities
influencing the primary productjon as well as those having an impact on the

secondary production have to be i i
influence the Primary producuon:mudered. i o T

(a) Natural fertility of the soji]
(b) Resistance to erosion
(¢) Soil moisture avail&bility and flooding

(d) Presence of salinity and/oy sodicity

1 i :
Ihethand qual;;{lconsidered that Mmay influence the secondary production directly
S the access ity of the terrain., other considerations are:

=~ High risks
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~ Natural fertility of the soil

The soil fertility of the area is in general moderate to high,
pt for nitrogen which is low. However, many plants are leguminous so it
can be expected that they fix some nitrogen.

S In the major part of the area the rainfall is below 300 mm/year, i '
- falling in two seasons. Studies in Mali showed that below 300 mm rainfall the |
- most limiting factor for plant growth is the water availability and not the I
chemical fertility. Between 300 and 500 mm, both factors are important and {l
- only above 500 mm annual rainfall the chemical fertility was the most limiting |
- factor (Penning de vries et al. 1982). The Sahelian zone studied in Mali
~ has only one rainy season. 1In our case as well it can be expected that the

oil fertility is not limiting the productivity of the natural vegetation and
‘hence this land quality cannot be treated as a differentiating criterion.

ﬁm Resistance to erosion '.
¢4y !
e The rating for resistance to erosion is given in ch. 4.2.2. However,
it can be assumed that in future conditions the vegetation cover percentage
‘will be higher than at present. Therefore, the subrating for vegetation cover
Will be upgraded with one class except for cases where the present vegetation
- Cover is already over 50%.

- (€) Soil moisture availability and flooding I
TR
: The land quality soil moisture availability for plant growth is

Very complicated. Since no detailed studies have been carried out, an
. approximate method has been devised to arrive at an indication for the soil
‘moisture availability for the plant.

L Ol

- The rating for the soil moisture availability is based on the
- following characteristics.
w "
= rainfall; more precisely the effective rainfall which includes the effect

of runoff and the water that evaporates before entering the soil !
-~ evapotranspiration

soil moisture storage capacity

¥
b
4,0

= flooding il
(1) Rainfall and evapotranspiration

ined from Bake (1983).

The mean annual rainfall figures are obta

- These rainfall figures are used in combination with the figures for the potential i |
8vaporation to delineate and to define the agro-climatic zones (see ch. 1.275) . ‘Ll. :

rainfall, the potential it
iven for each agro-climatic | !
e figures have been used. '

In table 29 the figures for the annual
@vaporation and the actual evapotranspiration are g
20ne. In order to facilitate the calculations, averag
Braun assumes that the potential evapotra
&vaporation (In: Sombroek et al. 1982).
8ver is only reached when the crop or th
condition with a closed groundcover. Th
8gro-climatic zone III in the study area.
- 8Ctual evapotranspiration in Mali and they fo
~ Matural rangeland with a low vegetation cover (In:

nspiration is 80% of the potential
The potential evapotranspiration how- ,
e range vegetation is in optimal growth 3
is situation may be present only in |
stroosnijder and Kone have measured _
und a value of 2.8 mm/day for il |
Penning de Vries et al.,1982). H
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On the bases of the foregoing, different percentages for the actual evapo-
transpiration are assumed for the different agro-climatic zones occurring in
the survey area (see table 29).

Table 29. Annual rainfall, potential evaporation and actual evapotranspiration
for the different agro-climatic zones

agro- Estimated

climatic r r (mm) Eo (mm) Ea as Ea

zone (mm) average Eo (mm) average % of Eo mm/day r/Eo (%)
III 900-800 930 1750-1800 1775 80 3.9 50-55
v 750-900 825 1800-1880 1840 70 3.5 40-50
v 525-750 637 - 1880-2095 1988 60 3.3 25-40
VI 320-525 422 2095-2150 2122 50 2.9 15-25
VII 170-320 245 2150-2280 2215 50 3.0 <15

notes: r = mean annual rainfall (Bake, 1983)

Eo = potential evaporation (Woodhead, 1968)
Ea = actual evapotranspiration

infall intensity and distribution should have

?:::r:::ga?;:l;ni:’ :.hi. 18 Dot the case, assumptions have been made based on

- beaidesg Vries, et al., 1982, Hudson, 1981; Unesco, 1979).

the surfaée charact:aiu:u characteristics, mainly depending on the slope and

Present. in Bk uatl ristics of the soil. Although some sealing was found to be

texture of the tﬂpnc;:l:o surface horizons with a low permeability do occur. The

infiltration Capacity ¥ ;:,_-wl]‘ as the surface stoniness influence the

same ratings appl ) the subratings of slope and texture of topsoil, the
PPy as those used for the land quality resistance to erosion.

So t
tzrxﬁnr:nn;f:ﬁ;’:;g: o:f::::;? rainfall depends mainly on the slope of the
correction of 10% is 4 a:c.:o For the agro-climatic zones VI and VII a

unt for the water which eva t t the soil
surface befo porates at the
Sonss Siat g::it:ring the soil. fThe correction is not applied for the other
vegetation cover is hi atures are somewhat lower (7-10°C lower) and the
assumed that the effectg?er. For an area with an almost closed forest it is
30 shows the effective 'r:n;&inful is 60% of the mean annual rainfall. Table
topsoil and the agro-clmti: 1 in relation to slope class, texture of the

Zone. The
of topsoil are given in tables 21 ang 22 :::;:2::?3:1:01— s e e
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. Effective rainfall as a function of slope class, texture of
the topsoil and the agro-climatic zone (ACZ)

" subratings for % of mean rainfall considered as
class and texture effective

5501l

g ACZ ACZ

e Y%, 198 5 VI, VII

B 10, —=ThlT Ot P
23 80 70
..'. “ =
mﬁ:; 4-5 70 65
BRRERs 9l g 60 55

s 1o

B 1 18 50 45

Soil moisture Storage capacity

Another important characteristic is the soil mositure storage
acity and the total water available for the plant. As total available
ter is taken the amount of water stored between pF 2.0 and pF 4.2 (see
3.5.2). This is the soil moisture storage capacity.

: In table 31 the soil moisture storage capacity is given in
ation to the texture of the soil. '

e 31. Soil moisture storage capacity as a function of the texture

R soil moisture storage capacity
I (vol %)

- sandy clay 17
clay loam 15
loam 20
loam 12
'~ sand 10
6

- For a soil profile, the soil moisture storage capag;ty ;;er.the
fective soil depth can be calculated with the help of table ; ;s o
et (ve soil depth is the depth to which the roots can penetr: 3; e
imum effective soil depth a depth of 2 m is chosen (tree;ia? 11 ;r g
ten go deeper, annual vegetation however roots more superficially).

Coherent hard rock, a soil layer with an ECe of more than lSt::g§ic?ozrr:°ts
011 layer with an ESP of over 30 are considered as not pene .

gravelly and stony soils a reduction of the soil moisture storagetiﬂpﬂcity
30% is applied and for very gravelly and very stony soils a correction O

is used.
in the arid and semi-arid zones
of available water for plant

pos. The soil moisture storage capacity
e is not a good indication for the amount
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growth. Most of the time of the year the soil moisture content will be
below field capacity and often even below wilting point.

A deep soil with a high soil moisture storage capacity in low
rainfall areas is from this point of view hardly useful as the soil will
never be moistened to a great depth. To what depth the soil will be
moistened depends on the rainfall distribution, the effective rainfall,
the evapotranspiration and the soil moisture storage capacity. The maximum
amount of water to be stored in the soil depends on the maximum amount of rain
that falls in a short period (e.g. 10 days) and varies in the different agro-
climatic zones. The maximum amount of water that can infiltrate and be stored
in the soil in a short period determines the soil moisture storage require-
ments. It is realised that this amount of precipitation occurs only once in 3
to 5 years (see ch. 2.2.1). As no exact figures are known about the rainfall
intensity and its distribution a tentative classification is proposed for the
maximum soil moisture storage requirements in the different agro-climatic
zones (see table 32).

Table 32. Soil moisture storage requirements for the different agro-
climatic zones based upon climatic data

agro-climatic zone soil moisture storage requirements
(mm)
III 200
v 200
v 160
Vi 120
VIiI 80

However, local run-on plays an important role throughout the area.
l]':s;.lg}t;z: &mthzl:i:: the soil moisture storage capacity therefore has to be
zone. So a soil miaga Capacity required for that particular agro-climatic
store more moist: Sture storage capacity higher than the required one can

molsture and can be beneficial for the vegetation growth. Table 33

gives a subrating of
Rt redngne. the ratio of the actual soil moisture storage capacity

Table 33. Subrating of the soi

1 moisture storage capacit £
the required amount o apa y in relation to

subrating ratio of actual soil moisture storage capacity to
the required one
* 1.5
’ 0.5-1.5
2 ; <0.5

The ratio 1 jis crucialzh around this figure the soil moisture
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'9guuuge capacity can be regarded as sufficient. If the soil moisture
storage capacity becomes lower than half the required amount, it has a
clearly negative effect on the possibilities for plant growth. If the ratio

s higher than 1.5 the effect will evidently be positive.

wﬁi_r1oading

v The occurrence of flooding has a positive effect on the soil
moisture availability. The flooding is never long enough to inhibit plant
growth completely. Besides, the areas which are flooded from time to time
have an adapted vegetation. Flooding may occur once a year, seldom twice, but
also once in two years. The duration varies from a few days to a few weeks.

@@l Chalbi desert may be flooded up to 6 weeks. The subrating for flooding is
~ given in table 19.

3@! final rating for soil moisture availability for plant growth

The availability of soil moisture is expressed in five classes of
cumulative amounts of growing days. On a "growing day" there is sufficient
water in the soil for the vegetation to grow. The rating for soil moisture
availability, is given in table 34. The ratings given are specifically for
the survey area.

Table 34. Final rating for soil moisture availability expressed in growing

days
soil moisture availability rating growing days (cumulative)
per year
very high 1 150~200
: high 2 100-150
~ moderate 3 60-100
low 4 40-60
very low 5 40

To determine the final rating for the soil moisture availability
the following procedure is followed:

-~ Calculate the effective rainfall for the mapping unit/agro;Ciimatizh:OHB
combination (tables 29 and 30). Divide the effective rainfa :Y tion
actual daily evapotranspiration pelonging to the climatic zone in quis . t;d
In this way the number of growing days without moisture stress is calcula
and the rating can be obtained from table 34.

However, two corrections are possible: one for the soil moisture storage

Capacity and one for the occurrence of flooding.

= Calculate the soil moisture storage capacity. Determinia:?e 5?::222n34)
using table 32 and 33. Subrating l upgrades the fi:a ; do:g el o9
one step, subrating 2 produces no change and subrating g

final rating one step.

If flooding occurs (subrating 2) the final rating will be upgraded with one

class.
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(d) Presence of salinity and/or sodicity

The presence of salinity and/or sodicity influences in a negative
way the production of the vegetation. The composition of the vegetation
might show a difference as well: on saline soils halophytic plant species
appear. These can be beneficial for the diet of the livestock, but even
halophytic plants grow better in a non-saline environment. Only the highly
tolerant halophytic plants can tolerate an ECe of more than 15 mmho/cm
(Richards, 1954). It is assumed that the roots do not penetrate in a layer
with an ECe of more than 15 mmho/cm. The relation between rooting depth and
the occurrence of sodicity (high ESP) is less clear. Generally an ESP of 15
is used as a limit. However, in the area it was observed that roots do
penetrate layers with an ESP of 20 or more. Based on these field observations,
the lower limit is therefore set at an ESP of 30. The influence of very
high salinity and/or sodicity is reflected in the soil moisture availability
through limitations in rooting depth.

- Thusg the primary production is inhibited by saline and/or sodic
condition, although some halophytic vegetation types even grown on strongly
saline soils, but their biomass production generally is very low.

Intable 35 the subratings for the salinity and the sodicity are

Ece (mmho/cm) ESP (%)
subrating 0-50 cm 50-100 cm 0-50 cm 50-100cm
| 1 <4 <8 <6 <10
i | 2 4-8 8-15 6-10 10-30
3 >8 >15 >10 >30

Table 36. Rating of the_‘ll._inity and sodicity of the soil

rating SH Of subratings for ECe and ESp
1
23
B 4, s
3
6

The final ra i i
ECe and Esp, ag shown inmle';ljtamm Qe e i i

(e) Accessibilit f {
Y Of the terrain

The same ratings of

the accessibility of the terrain are used
as in chapter 4,2_ 2 (table 20),

e e
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Potential suitability class-defining criteria

'a}_"' The final suitability is determined, following table 25 combining
e accessibility and the resistance to erosion with the land qualities soil
ture availability and salinity/sodicity in table 37 (conversion table),
also appendix 6).

Conversion table for the potential land suitability classification
for pastoralism

land qualities

accessibility and soil moisture salinity/
resistance to erosion availability sodicity
2 2 1
3 3 2
g: 3 4 2
sub-marginal 4 5 3

i Table 37 gives the ratings of the mapping units for these land
ities which occur, leading to a certain suitability. The most limiting

or determines the suitability class.

"unsuitable" is avoided, as an animal can find

In general the term
except in the Chalbi desert.

ost everywhere something for food,

The above mentioned land qualities influence the potential
tability of the land for pastoralism either directly through the primary
duction of indirectly through their effect on the secondary production.  The
tability classes given in table 37 should be translated into classes of
ing capacity. Although there are not yet sufficient data available on
primary production to give reliable correlations between the suitability
sses and the carrying capacity, a provisional guideline is maQa to give a
orrelation based on data provided by IPAL (1983). It is shown in table 38.

Table 38. Correlation between suitability classification and potential

carrying capacity

2
city in animals /km

uitability class carrying capa

| camels cattle sheep goats

+ high 7-10 16-30 31-60 11-20
+ moderate 5-6 9-15 17-30 9-10
3. marginal 3-4 5-8 9-16 5-8

+ sub-marginal <2 <4 <8 <4

T T T — A = e
~ v

il

P

e
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The figures on carrying capacity in table 38 are very tentative
and need to be handled carefully. The different livestock species mentioned
can occupy the land unit at the same time as they use partly different forage

products. .

4.3.4 Results of the potential suitability classification

The rating of the land qualities of every soil mapping unit and
agro-climatic zone combination are given in appendix 6. The results of the
potential suitability for pastoralism are summarised in table 39,

The units which are highly suitable for all livestock species
considered are UlVl, ‘UlV2, LsV2, RVP and parts of RVA, of FUA and of AUC.
Together they comprise 60,700 ha and cover 3.9% of the survey area. The
highly suitable units are found in agro-climatic zones IV, V and partly in
VI. Unit Lnv2 (24,300 ha) is highly suitable for sheep and goats and is the
only one with this suitability class found in agro-climatic zone VII. The
units which are moderately suitable for all livestock species are UlV3P, U2F1,
parts of U2FA and of RVA, FUl, parts of FUA, FV3P, YV2, Psul, PsU3, PsuUAl,
PsUA2, parts of AUC, AA2, AA3 and aac. Together they comprise 383,900 ha
and cover 24.5% of the survey area. The greater part of these units are

located in the flat and lower parts of the survey area and often fall in agro-
climatic zone VII.

The units in agro-climatic Zone VII, although they may have deep
soils without pedological limitations, are never highly suitable for
pastoralism as the available soil moisture is always the most limiting factor.

The units with a moderate suitability for two or more of the live-

stock groups (often catt ‘and sheep/qoats . MVL 2P, MPP, HP1P a
YVC (together 45,600 ha). e il ’ a

speci The units which are marginally suitable for all the livestock
Yf’;; ©s are: MUC (partly), Lsvip, LSVCl, LsvC2, RVC, FUA (partly), FV1P, YVip,
» Pvp, PsUK, Psu4, PlUS_.‘ AAl, AA4, AAS5 and Dxa. Together these units
T 36.3% of the Survey area. The units which are
b all :2110 livestock species are: HVP, HP2P, U2FA
Lnv2, PnSA, PASP and p i oget
cover 83,600 ha and comprise 5,33 of the'survey ﬁe:dxc 5 e B
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‘ | Table 39. (contd).
. 2)
land undit 0 suitability class extent
soil 5 BELED gt
mapping unit agro-climatic cm 4 sa ha
zone " s o (x 103) (%)
PnSA VIiI 4 4 4 3.3 0.2
PdASP Vi 4 4 4 8.1 0.5
| PSUK VI 3 3 3 2.0 0.1
; PsU1l VIiI 2 2 2 119.3 7.6
PsU2 VII 2 2 2 2 0.1
PsU3 VII 2 2 2 2.8 1.5
PsU4 Vil 3 3 3 94,2 6.0
PsUS5 VII 3 3 3 86.1 5.5
PSUAL vII 2 2 2 37.2 2.4
PSUA2 VII 2 2 2 38.8 2.5
P1lnX1 vII - - - 59.6 3.8
P1lnXaA VII - - - 10.1 0.6
Pldxc VII 4 4 4 8.0 0.5
AUC VI 1 1 1 6.0 0.4
VII 2 2 2 4.4 0.3
Apl VIiI 3 3 3 1.4 0.1
AA2 VII 2 2 2 5.9 0.4
AA3 VII 2 2 2 1.7 2.0
And VII 3 3 3 31 0.1
AAS VII 3 3 3 10.5 0.7
AAC Vi1 2 2 2 13.4 0.9
DXA ViI 3 3 3 55.2 3.5
Notes: 1) For some associations subdivisions are made to lower levels than
the soil mapping units. For more details on the position of the
s ts see ch. 3.3 ang appendix 1.
2) 1 = highly suitable; ; = moderately suitable; 3 = marginally
Suitable; 4 = Sub-marginally suitable. When a range in
suitability occurs, the most frequent or dominant one is indicated
first. a breliminary carrying capacity for each suitability
class per livestock Species is given in table 38.
3) om = camels; ot = cattle ; sg = sheep and goats
It has to be remarkeq that the units Plnxl a

Chalbi desert, are not

carrying capacity is 0.
saltlick.

Suitable at all for nomadism,
The only function they can

When a range
one is given

In table 28 sheep ang goats may have differe

nd PlnXA, comprising the

meaning that the
offer for nomadism is a

This is often caused
the mapping unit

land unit will be used for grazing and browsing as

as far as possible
in suitability is
first,

nt suitability classes
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in table 39 they have the same ones. This is due to the different
es to arrive at the suitability classes. In table 28, representing the
t suitability, the carrying capacity data as calculated by IPAL form the
2 and there sheep and goats are separated. These figures were corrected
ording to the requirements of the species for accessiblity and the
iistance to erosion of the land. For the sake of simplification, new suit-
t? classes were made afterwards. The bases for the potential suitability
le 39) are the various land qualities mentioned before. As the influences
”fequirements of the sheep and goats are believed to be similar for the
ous land qualities, the final suitability class is the same for both
scies. The proposed preliminary potential carrying capacity figures, however,
s different (see table 38).

5::': e

Pt OTHER LAND UTILIZATION TYPES

Forest and game reserve

at the mountain top. Some capital is invested and tourist revenues are gained. i
big part of Mt. Marsabit, the top of Mt. Kulal and the Ndoto's are gazetted
protected forest areas, The forests on Mt. Kulal and Mt. Marsabit are
ﬁﬁiQUe features and they play a very important role as water catchment areas
units MVl and MV2P). They certainly need to be conserved. Preferrably the

r mountain tops should also be permanently protected and used as water

" catchment areas (units MUC/MVC and MPP). Also all the hills should be

. conserved as such (units HUP, HVP, HP1P and HP2P). Game viewing is at
f&%ﬁ&sent only practised on Mt. Marsabit (mainly buffaloces and elephants) . The
‘riverine forests, along the major drainage lines offer also opportunities

- or game viewing (mainly units AA2 and AA3) (reticulated giraffe, gerenuk,
_;Eﬂcrlnts‘ gazelle, oryx, dik dik, cheetah, lion) .

At present a forest and game reserve is established in Marsabit |
|'
|

T

%3442 Smallholder, rainfed, mixed farming i

i 7 W

*® The LUT, smallholder, rainfed, mixed farming with a low to medium i

~ level of technology is actually only present around Mt. Marsabit and to a very I

TﬁiiiihitEd extend near Gatab on Mt. Kulal. The size of the ho}dings is 1-2 ha. .H

~ Exceptionally larger sizes upto 20 ha are found mainly outside the SurVBYd
. area, east of Marsabit. The livestock makes only to a very limited exten il
-ﬁ‘ﬁhﬂ of the agricultural residues (e.g. maize stalks). So far, no ;roislare ‘

¢i-hning planted to serve as fodder, although this would be very benefic :

g::nthe animals (especially lactating cows). The main products are maize,

-I: s and milk. Some potatoes, vegetables and teff are also produced locally. ﬁ
e }
; slopes of less than 8%. The soils
00 consecutive growing days is required. :
jlability is expressed in cumulative

LR It is advised to use land with
;iould not be too stony. A minimum of 1
- As the final rating for soil moisture ava
;5-g;owing days (tablg 34) only the mapping units with a iaténg :;i; ig; th;t
~ soil moisture availability may be considered as suitable for 1iab13 Jix
has to be borne in mind that the rainfall in the area is not Ie:ydre .
- therefore a certain risk cannot be avoided when practising r:VZi:ab:gity e .
..Q#Q - only mapping units with a rating of 1 for soil mois u;e1 gy, & - .
- ULVl (1,900 ha) and UlV2 (1,600 ha). The soils of unit U1Vl (on Mt.

. and Ulv2 (around Marsabit) have excellent physical ani r::songzi:eigizical
 DProperties except for the stoniness which occurs in places. ¢
LR peneficial yields, applications |

~ mechanisation is not possible. TO reach more 2
;:;ﬁf manure and N,P,K fertilizer is recommended. Irrigation could overcom {
- the problem of drought (water stress) whe
e

n the rains are not sufficient. At

g e — e e
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present irrigation is practised only east of Marsabit. The availability of
water for irrigation has to be investigated.

4.5 RECOMMENDATIONS ON LAND USE

be conserved for the future. Other areas recommended for protection comprise
the units: MPP, HPP, HUP, HVP and HP2P as they play also an important role as
water catchment. Besides this, these units have only very limited possibilities
for pastoralism at present. Unit MVl can at the same time be used for game
viewing. The soils of the units ULVl and Ulv2 should be used for rainfed

mixed farming as this provides an excellent opportunity to diversify the

desert could be used for extensive grazing and browsing.
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3. DETAILED DESCRIPTION AND ANALYTICAL DATA OF REPRESENTATIVE
SOIL PROFILES
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LABORATORY DATA OF PROFILE DESCRIPTION No: 1
FIELD ATION No: 66-11 uNIT:  MUC ATION: ferralo*- chromic LUVISOL
Laboratory mo. ... /g2) 4383 |4384 | 4385 | 4386 | ' Depth (cm) 012 [12-27127-95 Jo5-120
Nevlaon Ah [ Bt1 | Btz | BE3 Gravel %
Depth (cm) 0-12 [12-27 [27-95 [95-120] | Texiwe Timited
PH-H,0(1:  w/v) 6.5 6.5 6.6 6.8 Sand % 2.0 - 0.05 mm 70 68 68 70
pH-KCI " 5.4 4.8 [4.9 4.6 Y Silt % 0.06-0.002mm | 16 12 8 8 |
EC(mmho/cm) .. 0.05)0.04 f0.03 |o0.0¢ Nl Clay % 0.002-0 mm 14 130 | 24 22 —
CaCO3(%) = s - - I Texture class SL CL/8Y scCL |scL
Cas0, (%) o | Dispersed clay % ]
C (%) 0.58 10.38 [ 0.46 [o.34 i Flocculation index
N (%) N ! Texture USDA: - B
C/N | Sand % 2.0 — 1.0mm -
CEO wnivcom. ind] s o Koo feo ' # v 10 ~ 0.50mm —
CEC .. .. pHTO i # w 0.50-0.25mm |
Swhcapmiong |i.s |87 [15 hie gl " s 0.25-0,70mm i
v Mg . 0.7 .y Jaa fio i 1 0,10 0.06mm -
w 'K " 0.3 0.2 (0.1 o1 : Total sand % i
Ne 0.1 lo.1 |o.1 Jo.2 Sift %
Sum of cations 2.6 I Isiy fos Clay %
Base sat, %, pHB.2 51 48 57 62 Texture class
"ot % pHTO : Bulk density
ESP at pH 8.2 2 2 2 3 Molsture % w/v at: j
Satwrstion extract: PF 0 |
Molsture % . pF 2.0
PH—paste I oF 23
ECe (mmho/cm) pF 2.7
| Na(me/1) L | pF 3.0
LR PF 3.7
ali Jt PF 4.2
Mg . ‘ Wﬂ & g camnd Laboratory no. g3/ 4423
Sum of cationsime/1) PH=H,0 (1:2. 5v/v) 6.7 Available | Total
Oy (me/1) /o b lm.nulty{mnoom Na (me/100g)
i RS C% 0.45 £ 0.3
—2— - i i N% 0.22 Ca ., 1.0
- P—0tsen ppm) 4 M s
hﬂ.lﬁltﬂﬂ) = T
it P (ppm)
Clay mineralogy: Vavious:
!&f‘ﬁmﬂmu
810,/R05 .,
Fo303(mmoly)
X—~ray roport: Fron 12-27cm kaolinite and illits are prosent;
from 27-95cm kaolinite and a nixed Il!lm'-lﬁﬁl
are detected. — N :"f__’;h:
e ]
e
.
—u J
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1 NO. /d.t.

le3

1 MUC

ferralo*-chromic LUVISOL

66-11; 20/3/82

Marsabit District; 377 1Y E, 1 45'N; 1500 m

1 v

Granitoid gneisses of the Basement System (Precambrian)
t Mountain .
: Mountainous

:+ 25%, facing™N

: Very few trees and shrubs, some perennial grasses
: Heavy grazing with livestock

: Severe splash and rillwash erosion

. e e

stoniness/rockiness : Very to extremely rocky, fairly stony

' 12-27 cm

27-95 cn

95-120%cm

: Moderately strong algea crusts present -
: Well drained

Brown (7.5YR 5/3 dry), dark brown (7.5YR 4/3 moist); sandy loam;
porous massive, breaking into weak, fine and medium, subangular blocky;
slightly hard when dry, very friable when moist, non-sticky and non-
plastic when wet; many pores of various sizes; clear and irregular
transition to:

(sample no. 66=11/2)

Yellowish red (5YR 5/6 dry), reddish brown (5YR 4/4 moist); sandy
loam to sandy clay loam; porous massive, moderately coherent; :
slightly hard when dry, very friable when moist, slightly sticky and
non-plastic when wet; patchy, thin clay cutans; many fine and medium,
common coarse pores; gradual and smooth transition to:

(sample no. 66-11/3)

Yellowish red (5YR 5/6 dry), dark red (2.5YR 3/5 moist); sandy clay
loam; porous mstssiwa{ strg'nqu coherent; hard to very hard when dry,
very friable when moist, sticky and plastic when wet; thin, broken, clay
cutans; many fine and medium, common coarse pores; gradual and smooth
transition to:

(sample no. 66-11/4)

Yellowish red (5YR 5/8 dry), dark red (2.5YR 3/6 moist); slightly
gravelly sandy clay loam; po':ous massive, moderately coherent; harg
when dry, very friable when moist, sticky and plastic when wet; thin
patchy clay cutans; many fine and medium, few coarse pores;

fr ent micas.
s (sample no. 66-11/5)

Roots are present throughout the profile

g e b
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LABORATORY DATA OF PROFILE DESCRIPTION No:

luvic PHAEOZEM

FIELD OBSERVATION No:  55-1 UNIT: MVL SOIL ICA
Laboratory no. ... 74| 1845]1846 1847 1848 [1849 ~ Depth (cm) 0-20 | 20-40f 40-75)75-115 115-1m_____
Horiron Ah [Bt1 [se2  fses  [pe Gravel %

Depth (cm) 0-2020-40[40-75 [ 7se1ag 115-1ag || Yemww ’

PH-H0(: ww [s.0 J45 [4.8 [a8 Jee || sand%2.0-0.08 sl Vo Fa

PH-KCI " 4.5 14.2 |38 J316 |36 [ Sit% 0.0s-0.002mm | 36 | 22 24 26 36

EC(mmho/cm) .. 0.50 |0.13 10.09 |o0.06 [o0.13 Clay % 0.002—0 mm 48 64 64 64 52 o

CacO3 (%) i S 1-mm ¢ c c c c

Caso ™ Dispersed clay %

cm 3.8 Flocculation index

N % 0, e e || Texture uspa;

CN 7.6  $and % 2.0 - 1.0mm

CEC (me/100g). pH 8.2 R e 4 1.0 = 0.50mm

e AP . 1 L) B e aretilans “ 1 0.50~0.25mm

Exch.Ca me/100g) [, , 9.8 17.2 "l'6.0" |8 ' o 0.25 - 0.10mm

v Mg 10.217.5 I7.6 67 6.6 " 0.10 = 0,05mm
I S 0.5 103 fo.4 los Total sand %
i SR 9:310.3 Jo.2 fo.z o2 Silt %
Sum of cations 23.4 [17.9 |15.4 M & 13,9 l_eg"
Base sat. %, pH 8.2 Tk Texture class
a ®PH70 | 9 57 e Bulk density
ESP at pH [T L e i ¥ Molsture % w/y at:
Saturation extract: 0

Moisture % : : 2o

PH-paste l. g pF 2.3

ECe (mmho/cm) : ' pF 2.7

Name/1) oF 3.0

s [ oF 37

Ca '_;‘_’

Mg .. | Ferilllty sspeciar— LShormiory no. .
u"" o eetionsme/1) PH-H,O (1 v/y) Available | Totai
L Sy Em.nmly(mnoog) Na (me/100g)

[0y - -~

Lc' & ; - L C% K

[ %% :::mtm =

umﬂnlmnmm : -

u‘"' s P ( -

l_cm mineralogy: e L

D‘%""z"arwnu i
| 810,/R0, ..

| Foz0;(mmois)

l_x—uy report: _’—"J'—-'--—-
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: MV1 e
: luvic PHAEOZEM A
t 55=1; 12/2/74

: Marsabit District; 37° 57'E, 2°18'N; 1400m :
: IIT b9l | o odmn o 1
: Basalts and tuffs (Tertiary volcanies) .
: Mountain top

: Mountainous ! . l
: 25-35%, upper slope drj b

: Moist montane forest i
t Game and forest reserve
1 Nil

s/rockiness : Locally basalt outcrops

: Nil
Well drained

park brown (7.5YR 3/2 dry and moist); clay; moderate, coarse, crumbs;

slightly hard when dry, very friable when moist, sticky and plastic

when wet; common medium and coarse pores; clear and wavy transition - 4

to: ) vt
(sample no. 55-1/1) Hyis VB |

Dark reddish brown (5 YR 3/4, dry), dark reddish brown (5 YR 3/3 moist): ~— =
clay; strong, fine to medium, subangular blocky, breaking into crumbs; ¥ wesvtalt
slightly hard when dry, very friable waen rmoist, very sticky and very

plastic when wet; few fine and medium pores; gradual and smooth

transition to: .

( (sample no. 55-1/2) ot 2. ‘
~ 40-75 cm park reddish brown (5 YR 3/3 dry and moist); clay; strong, fine,
angular blocky; slightly hard when dry, very friable when moist, very -
sticky and very plastic when wet; moderately thick, continous clay o
cutans; few, fine and medium pores; gradual and smooth transition to:
(sample no. 55-1/3) ‘
~ 75-115cm Dusky red (2.5 YR 3/2 dry and moist); clay; weak, fine and medium, =~ = = '
{ 3 -ubaigulnr blocky; slightly hard when dry, very friable when moist, very
sticky and very plastic when wet; thin, continwous clay cgutans; —-¥ =
clear and smooth transition to: ! [ e
(sample no. 55-1/4) ! o
~ 115-130+cm Dark reddish brown (5 ¥R 3/2 dry and moist); clay ga— ‘ ’:“'1
i i b e
The description of the soil below 115 cm depth is based on an augering. AAS Tl
i '3
he P! A »
+04A J;f\,.;

(arionaity Og ® |

TR yav=X
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LABORATORY DATA OF PROFILE DESCRIPTION No: 3

FIELD OBSERVATION No: MAPPING UNIT: SOIL ATION: eutric CAMBISOL
Laboratory no. ..../76 1899 | 1900 Depth (cm) 0-40 40-70 |70-9%
Horlzon Bwl | Bw2 Gravel %

Depth (cm) 40-70{ 70-95 ment ;
pH=H,0(1: Vv/V) 6.3 |6.0 Sand % 2.0 = 0.06 mm 24 32
ﬂ-t-Kf.:'l 4.5 4.2 Siit % 0.06-0.002mm 16 A
EC(mmho/cm) 0.4 lo.2 Clay % 0.002-0 mm 60 60
CaCo3 (%) - - Texture class c e
Ca80,,(%) Dispersed clay %
C (%) 1.12 0.9 Flocculation Index
ok Texture USDA:
C/N Sand % 2.0 = 1.0mm
CEC (me/100g), pH 8.2 w w10 = 0.50mm
CEC .. « PpH7.0|3g 24 20 o o 050 = 0.25 mm
Exch.Ca (me/100g) 0.8 | 53 1 0.25-0.10mm
w Mg " 8.8 | 6.6 + o 0.10 = 0.08mm
w K 0.3 | 0.1 Total sand %
T pre 0.8 | 0. %
Sum of cations 19.3 [13.0 Clay %
Base sal. %, pH 8.2 Texture class
woow % pHT.0 80 65 Bulk density
ESP at pH 7.0 3 3 Molsture % w/v at:
Saturstion extract: pF O
Moisture % pF 2.0
pH—paste pF 2.3
ECe (mmho/cm) pF 2.7
Na(me/1) pF 3.0
K pF 3.7
Ca . oF 4.2
" . Cov
Sum of cations(me/1) PH-H0 (1:2, 9/V) 6.3
COg (me/1) Exch. acidity (me/ 100g) Na(me/100g)
o cn 4.75 X
i« N% 0.50 Ca
0,
P—Olsen | ppm) 9 Mg
Sum of anions(me/I) o
Ad|. SAR P
Clay mineralogy: Varlous:
ﬂoalllzol(mlfm_lp
8I0,/Rz05
Foz04(mmol%)
X~ray report:
Remarks:

Kenya Soll Survey



PROFILE DESCRIPTION NO.

General site information

1

Mapping unit MY 2P
Soil classification eutri AMBTSOL
Observation no./date 41 1
tocation/altitude Marsabit District 6 ' 42°'N; 2010m
Mro=-climatic zone |
Parent material pasalt ynd [ (Tertinry volcanics)
Physiography M tain t
Relief M — .
Slope at site 1
Vegetation Vi san montane forest
Land use rest reserve 1t geasonal grazing with
jomesti } 38 1o ace as well
Erosion N
Surface stonines kines: er ¥ 1 f
Surface sealing Nil
Drainage class jell 1in
profile description
Ah 0-40 cm moist); clayi trong, crumb to strondg ,
Y hard when d4dry. £ when moist, stilc
L T various s12 clear and smooth
i{s5a nd
Bwl 40-70 cm ad (2 YR 3 y: clay; strong, fine, angular
2a moist, icky and plast when
+ moderatelY thi br cutansi mon POTres; grad 1al
and smooth t !'-\i\"-l'- fon to:
fsample no. 41-1D)
Bw2 70-95 cm red sh brown 4 own (5 ¥R 3/3 st);
.-.L ; i y dry. friable whe
mo1 3 agradual and smooth
tra jtion t
samp 1 I .4 1c
B 95 cm Weathering tuff
REMARK : Roots i“"l"|l't‘.' e deep nt Ek i

and




i

i

LABORATORY DATA OF PROFILE DESCRIPTION No: «

168

w: eutric REGOSOL, stony and lithic phase

FIELD OBSERVATION No: 55 w
Laboratory no. ... /82 | 7201 Depth (cm) piid
Morizon AR Gravel %
Depth (om) 0-13 rerentient
pH-H,0(1:, ¥/V) 8.6 Sand % 2.0~0.05 mm | .5
pH-KCI . 7.6 Siit % 0.08-0.002mm | 22
EC(mmho/cm) 0.12 Clay % 0.002—0 mm 30
CaCO3(%) - Texture class sCL
CaS0,(%) Dispersed clay %
C % 2.l Flocculation index
N (%) | 0.25 Texture USDA:
C/N 8 Sand % 2.0 = 1.0mm
CEC (me/100g), pH 8.2]54 7 w 1.0 = 0.50mm
CEC . « PpHT.O w w 0.50~0.28mm
Exch.Ca (me/100g)  24.0 + . 0.26=0.10mm |
w Mg . 1.2 v o 0,10 = 0.06mm
ok 1.0 Total sand % i
v Na 0.5 Siit%
Sum of cations 26.7 Clay % —
Base sat. %, pH 8.2 90 Testure class ]
» v %pH70 Bulk density
ESP atpHB2 2 Moisture % w/v at:
Saturation extract: pF 0 —
Moisture % pF 2.0
pH-paste pF 2.3 ]
ECe (mmho/cm) pF 2.7 i
Na (me/1) oF 3.0 |
" pF 3.7
Ca . pF 4.2 ]
Mo WI“' .I Aposts: Laboratory n0. 7,17/ 82 |
Sum of cations(me/1) m._Hzo (15 g¥/V) 7.1 Avallable | Total
D03 (me/1) Exch. acidity (me/ 100g) Na(me/100g) | o,
tl:t'); " C% 1.97 K
WE o N% 0,27 Ca . 10,7
0, P—Otsen (ppm) 2 Mg 150 =
Sum of anions(me/l) Mn
e P (pem)
Clay mineralogy: Virious |
$105/A1205(mal/mol)
$10y/R05 .. |
Fo,04(mmol%)
X-ray report: B
Remarks: |

Kenya Soil Survey




169 .

PROFILE DESCRIPTION NO.4
i

General site information
Mapping unit 1 MPP ;
Soil classification . eutric REGOSOL, stony and lithic phase
observation no./date : 55-20; 2/6/82
Location/altitude . Marsabit District; 37°57'E, 2%20'N; 1500m
Agro-climatic zone : Vv
Parent material : Pyroclastic rocks; mainly tuffs (Quaternary volcanics)
Physiography : Cinder cones within mountain area
Relief : Mountainous
Slope at site : 10%
Vegetation : Perennial grassland with shrubs
Land use . Partly used for grazing; partly under forest in

, forest reserve

Erosion . Slight gully erosion

Surface stoniness/rockiness : Fairly rocky and stony to extremely stony
Surface sealing 1 Nil

Drainage class ; Somewhat excessively drained

Profile description

Ah 0-13 cm Dark brown (7.5 YR 3/4 moist); slightly stony and gravelly sandy
clay loam; strong, medium, granular; friable when moist, sticky
and plastic when wet; very few small and medium pores; c]ra\:rmT and

stones consist of tuff and pumice; abrupt and smooth transition to:
(sample no. 55=20/1)

£ 13-40 cm Dark yellowish brown (10 YR 4/6 moist): extremely stony loamy
sand (weathering tuff); irregular transition to:
+
. 40" om Tuffs and pumice

REMARK: Roots are present throughout the profile to a depth of 40-50cm
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LABORATORY DATA OF PROFILE DESCRIPTION No: s

FIELD OBSERVATION No: _ 66-10  MAPPING UNIT: _ FUP SOIL CLASSIFICATION: _utric LTTHOSOL
R o
Laboratory no. .... /81| 7917 Depth (cm) 0-15
Horizon AC Gravel % n.d
[ Texturs, limited

Depth (cm) 0-20 | protrestment;

pH-HLO(1:  v/V) 7.9 Sand % 2.0 ~0.06 mm | 80

pH=KCI " 6.9 Silt % 0.06—-0.002mm | 10

EC(mmho/cm) . 0.10 Clay % 0.002-0mm | 10

CaCO3 (%) Texture class 1§/51

CaS0, (%) Dispersed clay %

cm 0. Flocculation index

N %) 0, Textws USDA:

C/N 5 Sand % 2.0 — 1.0mm
CEC (me/100g), pH 8.2| 7.2 w10 = 0.50mm
CEC .. « PpHT.O w 1w 0.50-0.25mm _ i
Exch.Ca (me/1009)  [8.4 w o« 0.25=0.10mm

n Mg . 1.4 w w010 = 0.05mm

n K« 0,7 Total sand %

3708 0.2 Silt %

Sum of cations 10,7 Clay %

Base sat. %, pHB.2 |, .o Texture class

RS AL Bulk density ]
ESP at pH 8.2 2 Molsture % w/v at:

Saturstion extract: PF O |
Moisturs % oF 2.0 =
PH—paste pF 2.3
ECe (mmho/ cm) o 27
Na(me/1) pF 3.0
K " w 3.7
il pF 4.2
Mg . ng= Laboratory no. /

Sum of cations(me/1) PH-H,0 (12. Sv/¥) Availabie | Total
%“:" Exch, acidity (me/100g) Na (me/100g) .3 ]
c':“‘ C% 0.27 K 0.4 -
To4 .'.' N% 0.08 Ga..u 5.8
= P—Otsen (ppm) 16 Mg . 1.9
Mn 0.5
Adj. SAR
e P (ppm) i
”: Various:
| 8105/A1z03(mol/mol)
8i03/R04 .
Fe50 3(mmoln)
X~ray report:
Remarks: |

Kenya Soll Survey




PROFILE DESCRIPTION NO. 5

General site information

Mapping unit

goil classification
Observation no./date
Location/altitude
Agro-climatic zone
parent material
Physiography

Relief

glope at site
Vegetation

Land use
Erosion

surface stoniness/rockiness

Surface sealing

Drainage class

Profile description

AC 0-15/30 cm

15/30" cm

171
+ HUP
: eutric LITHOSOL
: 66-10; 11/7/81
. Marsabit District; 179 20'E, 17 46'N; 660m
: VI

Undiffcrcntiutcd Basement System rocks

: Hill

. Hilly, with slopes from 8 to over 30%

s 10%
The greater part is bare, the rest has annual
grasses and Commiphora shrubs

. Heavy grazing

gevere splash and rill wash erosion

Extremely rocky and very stony

Nil

Excessively drained

Strong brown (7.5 ¥R 5/6 dry) « dark brown (7.5 ¥R 3/4 moist) ;
stony and gravelly loamy sand to sandy loam; weak, COAarse,
subangular blockyi hard when dry. very friable when @olnt, non=
sticky and non-plastic when wet; many large, Iew medium and few

fine pores; few, small micas and feldspars: clear and smooth

transition to:
(sample no. 66-10/1)

slightly weathered hard rock
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LABORATORY DATA OF PROFILE DESCRIPTION No: «

calcaric REGUSOL, stony, lithic and sodic
FIELD OBSERVATION No:  43-14 SOIL CLASSIFICATION: phase.
Laboratory mo. ... /82| 7176| Depth (cm) 0,15 ]
Horizon AC Gravel % n.d —
" Yaxture, limited
Depth (cm) 0-20, | __pretrestment ; .
pH-H,O(1:, ¥/V) 1.6 Sand % 2.0 - 0.08 22 -
pH—KCI " 7.0 Silt % 0.08-0.002mm | ;4 ]
EC(mmho/cm) - 0.45| Clay % 0.002-0 mm i
CaCO3 (%) e Texture class o PR
CaS0,(%) Dispersed clay % ]
c ™ 0.17 Flocculation index = |
N (%) Texture USDA:
C/N Sand % 2.0 ~ 1.0mm
CEC (me/100g), pH 8.2(31.0 « 1.0 = 0.50mm ]
CEC «+« « pHTO w w 0.80~0.25mm 1
Exch.Ca (me/100g) 36.5 w v 0.25~0.10mm 1

TN 6.5 w010 = 0.06mm

v K. 1.6 Total sand % :

w N . 2.5 Sins =
Sum of cations 47.1 Clay % —
Basesat. %, pHB.2 |99 Texture class

Yo" %pHTO Bulk density 1
ESP at pH 8.2 8 Moisture % w/v at:

Saturation extract: oF 0 j
Molsture % oF 2.0 —
pH-paste pF 23
ECe (mmho/cm) pF 2.7 _

Na (me/1) pF 3.0 .

K o pF 3.7 -
Ca . pF 4.2 -
o m“l’ Laboratory no, 7128, 82 - |
S &8 cstionageant) PH=H,0 (12, 5v/¥) 8.6 Avelase | Tota: |
oy Exch. acidity (me/ 100g) Na(me/1000) | .5 B
HCOy c% 0.3 K 0.5 |
..:_;‘ N% 0.04 Ca 37.0 ]
P—Oisen ppm) 7 Mg 4.0 —
Sum of anions(me/l) [ tr :
Ad). SAR P (o) T o q
Clay mineralogy: o _
$10y/AlyOs mol/mel) |
8i02/R0; - =
Feg05(mmol%) il
X—ray report: =

|
Remarks: pH values do not correspond —=

—

i

Kenya Soil Survey




b

PROFILE DESCRIPTION NO. 6
General site information

Mapping unit

goil classification
pbservation No./date
Location/altitude
Mro-climatic zone
Parent material
Physiography

Relief

Slope at site
Vegetation

Land use

Erosion 1 N
Surface stoniness/rockiness
Burface sealing

Drainage class

Profile description

AC 0-15 cm br
and
when dry.
wet : -;.;

pumice!

Strong
stony
T I{ ¥

15-40

the

ke

cm Basically

transition

-
40 cm s and pumice

REMARK :

i

non-sall

stony lithic and sodic phase

49'E, 2% 38'N; 550m

pyroclastics)

up over 30%

and shrubs

.5 YR 4/4 moist); exceeedingly
to medium, subangular blocky!

yist, slightly sti and plastic
and gravel consis of tuff and

to:

ine

areo

smootl
4

trar tion
=14,

no.

but higher stone content; irregular

ne and slightly sodic
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| LABORATORY DATA OF PROFILE DESCRIPTION No: -

chromic* LUVISOL

' FIELD OBSERVATION No:_41-2 MAPPING UNIT: _ VTV SOIL CLASHFICATION:
Laboratory 10, ... /761902 [1903 |1904 | 1905 Depth (cm) 0-14 p4-50 [50-90 [90-110
-, Horizon an  [ser [me2 |83 Gt %
| Depth (cm) 0-14 |14-50] 50-90 J90-110 ment ;
pH=H,0(1:  v/v} 6.6 6.8 |7.0 6.9 || Sand%20-0.05 mm | ;9 20 20 38
PH-KCI . 5.1 |shlsEr]lsn Silts 0.08-0002mm | 26 | 12 | 8 |12
EC(mmho/cm) .. 0.24 | 0,14]0.30 |o.60 | Clay % 0.002-0mm | 54 | 68 | 72 | 50
CaC04 (%) - =1 = » Texture class c c c c
Cas0 (%) Dispersed clay %
C ™ 2.9 1.6 1.5 1.1 Flocculation index
N (%) 0,22 | 0.14] Texture USDA:
C/N 13 11 Sand % 2.0 ~ 1.0mm
CEC (me/100g), pH 8.2 w w 1.0 = 0.50mm
CEC . « PHT.0| 30 | 27 | 26 24 s+ v 0.50=0.25mm
! Exch.Ca (me/100g) 12.5012.6 |11.4 | 9.8 W . 0.25-0.10mm
L B S 12.0/10.0 |10.5 | 9.6 : s+ o 0.10—0.05mm
p K ¢.3 0,2 0.3 0.1 Total sand % ]
U 0.4 0.4 0.7 [12 Silt %
Sum of cations 25.2/23.2 | 22.8 [20.6 Clay %
Base sat. %, pH 8.2 Texiure class
s % PHT.O 84 | 86 | 88 | 86 Bulk density
ESP atpHB2 7.0 1| 3 5 Molsture % w/v at:
! Saturation extract: )
Moisture % pF 2.0
pH-paste pF 23
ECe (mmho/cm) pF 2.7
Na (me/1) pr 3.0
K pF AT
Gk o PF 4.2
. 48 mm:zmm: Laboratory n0.2124 / B1
Sum of cations(me/I) pu.nzo iy 4/ 5.7 Available | Total
€0y (me/1) Exch. acidity (me/ 100g) Na(me/100g) | o.1
e C% 2.30 K = 0.4
: L N% 0.21 Ca . 8,7
- e P-Oisen|ppm) Mg 8,0
Sum of anions(me/1) e 4
o Eue P (ppm) 10
Clay mineralogy: Varlous:
810,/A1204(mol /mol)
$10,/R504
F o0 4(mmoi%) =
X—ray report:
Remarks: ]

L1

Kenya Soll Survey




PROFILE DESCRIPTICH NO. 7

general site information

Mapping unit

8oil classification
Observation no./date
tocation/altitude
Mro-climatic zone
Parent material
Physiography

Relief

Slope at site
Vegetation

Land use

Erosion

Burface stoniness/rockiness

Surface sealing
Drainage class

Profile description

Ah 0-14 cm
Btl 14-50 em
Bt2 50-90cm
Bt3 90-110"cn
REMARK :
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ulvl
chromic* LUVISOL
41-2; 1/4/76
. Marsabit District, 36°56'E, 2°39'N; 1650m
: IV
Basalts {antinryﬁ@uaternnry)
High level uplands
: Gently sloping {slope class B)
2%
. Bushed perennial grassland
Heavy grazing is practised
: Nil
None to fairly stony
Nil

: Well drained

park reddish brown (2.5 YR 3/4 dry)., dark reddish brown (2.5 YR 2.5/4

moist); clay; strong, fine to medium, subangular blocky: slightly

hard when dry, friable when moist, sticky and plastic when wet;

common fine to coarse pores; clear and smooth transition to:
(sample no. 41-2a)

Reddish brown (2.5 YR 4/4 Adry)., dark reddish brown (2.5 YR 3/4 moist) ;

clay; moderate, medium, subangular to angular blocky: hard when dry,
friable when moist, sticky and plastic when wet; broken, moderately
thick, clay cutans; common fine pores; gradual and smooth transition
to:

(sample no. 41-2Db)

Red (2.5 YR 4/6 dry), dark reddish brown (2.5 YR 3/4 mnigt]; clay;
strong, fine to medium angular blocky: hard when dry, ir:ahle when
moist, sticky and plastic when wet; moderately thick, LUﬂrlnﬂgs,_
shiny clay cutans; common fine pores; gradual and smooth transition
to:

(sample no. 41=-2¢c)

Reddish brown (5 YR 4/4 dry)., reddish brown (5 YR 4/3 moist) ; u%ff:
moderate, medium, angular blucky;hard when dry., friable ﬁheﬂhTO]b »
sticky and plastic when wet; moderately thrk, uonttﬂgouﬁ, shiny
clay cutans; common fine pores; few, small Mn concretions

(sample no. 41-24d)
Roots are present throughout the profile to a depth of more than
110 cm.
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LABORATORY DATA OF PROFILE DESCRIPTION No: 8

FIELDOBSERVATION No: _ 55-17 _ MAPPING UNIT: _U1V2 SOIL CLASSIFICATION: chromic CAMBISOL
Laboratory no. .../ g2 4335 4336 | 4179 Depth (cm) 0-20 |20-50] 50-90
Horizon Ah | Bwl | B2 Gravel %
=~ = [~ Taxturs, limited
Depth (cm) P-20 [20-50 J50-90 | pretrestment:
pH=H 01} 5¥/V) 6.6 | 6.4 | 6.7 Sand % 2.0 - 0.05 mm 14 | 14 14
pH-KCI " 5.6 [ 5.4 | 5.4 Silt% 0.06-0.002mm | 24 | 24 28
EC(mmho/cm) .. 0.08 0,09/ 0.09 Clay % 0.002—0 mm 62 | 62 | 58
CaC03 (%) . W % : Texturs class c le c
CaS0, (%) Disporsed clay %
c ™ 1.9 | 0.8 | 0.7 Flocculation Index
N (%) 0.19 . Texturs USDA:
C/N 10 ) Sand % 2.0 = 1.0mm
CEC (me/100g), PH 8.223.3 [p3.1 | 21.4 « w10 = 0.50mm
CEC .. .+ PHT.0 w w 0.50=0.25mm
Exch.Ca (me/1000) | 3.2 fio.6 [ 6.7 w e 0.25=0.10mm
. W 53 lgo |62 e L s
“ K . 0.8 (1.9 |1.0 Total sand %
by 0.2 {0.2 0.2 Silt %
Sum of cations 2.5 (9.6 [14.1 Clay %
Basosat. %, pHB.2 |49 |85 |66 Texture class ]
woow % pHT.0 Bulk denaity
ESP at pH 8.2 <1 <l <l Molsture % w/v at: ]
Saturation extract: pF O ]
Molsture % oF 2.0
pH-paste pF 2.3
ECe (mmho/cm) pF 2.7 e
Na(me/l) pF 3.0 ]
=0 oF 3.7
Ca . pF 4.2
oo Sl mﬂ o Laboratory no.4418 /82 |
Sum of cations(me/1) PH=H,0 (133 5v/V) 6.8 Available | Total |
Soyenit) Exch. acidity (me/ 100g) Na (me/100g) 0.1
L o 1.96 N 1.1 R
o N% 0.19 Ca 11.0
%0, P-Otsen(ppm) . Y - — —
Sum of anions(me/|) P 0.8
Ad]. SAR
P (ppm)
Clay mineralogy: it
$10,/A104(mol/mol)
8$I0;/R05
F 80 3(mmoi%) =]
X—ray report: —
Femarka: it

Kenya Soll Survey
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PROFILE DESCRIPTION NO. 8 .
General site information by
Mapping unit : ULV2
Soil classification + chromic CAMBISOL
Observation no./date : 55=17; 24/3/82
Location/altitude . Marsabit District; 37° 58'E, 2° 21'N; 1320 m
Agro-climatic zone : V
Parent material : Basalts, possible mixed with some volcanic ashes

(Tertiary/Quaternary)
Physiography : High level uplands
Relief : Gently sloping I
Slope at site : 4%
Vegetation . Perennial grassland i1
Land use : Mainly grazing 1
Erosion : Slight gully
' Surface stoniness/rockiness . None to fairly stony
Surface sealing : Nil
Drainage class ; Well drained
Profile description
Ah 0-20 cm park reddish brown (2.5 YR 3/4 ary), reddish brown (5 ¥R 4/4 moistl};

clay; strond, fine to medium, gubangular blockyi si;qhtly hard
when dry, very friable when moist, sticky and plastic when wet;
common fine and medium, few coarse poresj gradual and smooth
transition to:

(sample no. 55-17/2)

Bwl 20-50 cm Reddish brown (2.5 YR 4/4 dry), dark reddish brown (2.5 ¥R 3/4
molist); clay; moderate, coarse, subangular blocky: hard wh?T drI,
very friable when moist, sticky and plastic when wet; few ne to

coarse pores; qradual and smooth transition to:
(sample no. 55-17/3)

" 50-90 cm bark red (2.5 YR 3/6 dry), dark reddish brown (2.5 YR 3/5 moist) !
stony clay; weak, coarse primatic, preaking into modefaiﬁé E?Zﬁum
and coarse, subangular plocky; hard when dry, Vvery fria re;-

moist, sticky and plastic when wet; few, fine to coagse ggth
stones consist of weathered rounded pasalt; clear an sm

transition to:

(sample no. 55-17/4)

c 90-140 cm Soft,rotten basalt with Fe amd Mn mottles; irregular
transition to:

(sample no. 55-17/4)
R + )
140 em Coherent basalt ]

o
REMARK: Roots are present to & depth of over 100,08 ik
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LABORATORY DATA OF PROFILE DESCRIPTION No:s

FIELD OBSERVATION No: _ .5-) MAPPING UNIT: SOIL CLASSIFICATION: eutric CAMBISOL, stony and petric phase
Laboratory no. ..../82| 4329| 4330 Depth (em) 0-20 | 20-6
MHorlzon Bw Gravel %
Depth (cm) 20-60] [ Sy
pH=H0(1:2. %/v) 7.4 Sand % 2.0 ~0.05 mm | 22 40
pH-KCI " 6.5 Siit % 0.06-0.002mm | 30 26
EC(mmho/cm) .. 0.10| 0.08| Clay % 0.002-0 mm 48 34
CaCOg (%) ++ Toxture class c cL
Cas0 (%) Dispersed clay %
cm 0.4 Elocculation index
N (%) 0.14 Texture USDA: ]
C/N Sand % 2.0 — 1.0mm
CEC (me/100g), pH 8.2 20.7 |28.3 o w 1.0 = 0.50mm =]
CEC .. . PpHTO w v 0.50-0.25mm
Exch.Ca (me/100g) 17.5 « w0 0.25-0.10mm
Mg 10,7 w1 0.10— 0.05mm
B 0.4 Total sand %
w NB 0.4 Sitw
Sum of cations 29.0 Clay %
Base sat. %, pH 8.2 _;m) Texture class i
n v WHT0 Bulk density
ESP atpH 8.2 1 Moisture % w/v at:
Satwation extract: PF O —
Moisture % pF 2.0
pH—paste pF 2.3 o
s S oF 2.7
Na(me/1) F 3.0
focs I N
ol bF a2
B Wm iﬂlla'lz Laboratory no. 44,6/ 82
Sum of cations(me/I) PH-H0 (1: , ¥/W) 7.5 Available | Total N
Bl Exch. acidity (me/100g) Na(me/1009) | ,
:o, Cx 1,39 K = 1.4 i
—-ﬁ‘ " N% 0.17 Ca . 14.0
e : P—Oisen(ppm) 13 Mg 6.0
r T Mn . 0.5
Y . P (ppm) - ]
oy Various:
Al /mol)
8$i05/R03 ]
Fey0(mmol%)
X—ray report:
Remarks:

Kenya Soll Survey




PROFILE DESCRIPTION NO. 9

General site information
Mapping unit

goil classification
pbservation no./date
Location/altitude
Agro-climatic zone

parent material

Physiography
Relief

Slope at site
Vegetation

Land use

Surface stoniness/rockiness
Surface sealing

DPrainage class

profile description

park redd
gravelly clay;
medium,

subangul

179

ulv3ap

eutric CAMBISOL, stony and petric phase
55-14; 27/3/82

Marsabit District; 38°00'E, 2924'N; 1200m
v

pasalts and pyroclastic materials (Tertiary/
Quaternary)

High level uplands

Undulating

3%

Evergreen to semi~deciduous shrubland with
perennial grasses as understory

strong splash and rill wash erosion

Stony to very stony

Nil

Well drained

{sh brown{5 ¥R 3/3 dry and 5 YR 3/2 moist);: stony and
weak, medium, prismatic, preaking into mode;ate. fine
ar blocky: slightly hard when dry. very friable when

moist, sticky and plastic when wet; few, fine to medium pores|

stones and g
transition to

Ah 0-20cm
Bu 20-60 cm
Cmbk 60-62 cm
CR 52+ -
REMARKS:

platy Petr

Tuffs

ravel consist of lava

fragments; clear and smooth

(sample no. 55=-14/2)

stony
4 when dry, very friable when moist, sticky and plastic

moderately calcareousi
abrupt and smooth transition to:

park reddish brown (5 YR 3/4 dry and 5 YR 3/3 moist); very
bouldery and
slightly har
when wet;
basalt;

clay: weak, £ine to medium, subangular blocky

gtones and boulders consist of

(sample nO-. 55-14/3)

ocaleclc material:

abrupt and smooth transition to:

Many fine and common roots from 0-60 cm

to
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LABORATORY DATA OF PROFILE DESCRIPTION No:10

FIELDOBSERVATIONNe: 57°17 wappING UNiT: U271 SOIL CLASSIFICATION: _ luvic YERMOSOL
Laboratory no. ... /82| 4387| 4388| 4389 | 4390 Depth (cm) 0-8 | 8-28 | 28-70]70-80
Horizon an |as | Bt | BC Gravel %
[ Taxture, limited
~ Depth (cm) |o-8 |3-ﬂ 28-70 | 70~80 _w':_
Wﬂu,wﬂ 7.8 |8.1 |7.5 6.9 Sand % 2.0 -0.05 mm | 68 68 56 54
PH-KCI w e fs.a Je.o |s.0 sit% 0.08-0002mm | ,, | ., | 18 x
EC(mmho/cm) . 1 .19 lo.70 Clay % 0.002—0 mm 18 20 26 32
CaCO3 (%) Texture class o scL | scL
Cas0,(%) Dispersed clay %
cm 0.20/0.20 J0.17 | 0.20 Flocculation index
N (%) Texture USDA:
C/N Sand % 2.0 — 1.0mm
CEC (me/100g), pH 8.2 15.8 | 16,0 | 23.8 | 24.8 w w10 = 0.50mm
CEC . . pHT.O| w o 0.50~0.25mm
‘Exch.Ca(me/100g) | 10.3 [12.2 [16.9 | 11.7 w1 0,25—0.10mm
- Mg . 2.2 ] vl e v 0.10—0,05mm
" K . 1.7) 1.4) 0.8 | 0.5 Total sand % |
n Na . 0.1 | 0.1] 0.1 | 0.4 siit %
Sum of cations 1.3 [17.4] 21.5 | 1725 Clay %
Base sat. %, pH 8.2 0 | 10| & n Texture class
vt SpH7O Bulk density
B3P s pH 82 alala | Moisture % w/v at:
Saturation extract: pF O
Molsture % oF 2.0
pH—paste pF 2.3
ECe (mmho/cm) oF 27
Na(me/1) pF 3.0
K n ey B
ca s |
. - FerTITEy sapecte: e
(020 cm) Story 04424 / 82
Sum of cations(me/l) : "“‘"20"‘1 ¥/ 6.8 Available | Total
00y e/t Exch. acidity (me/ 100g) Na (me/100g) A
Woos - % 0.35 ” 5
Sie—,
= N% 0.04 Ca . 8.2
2 P-Orsen ppm) 15 Mg
Sum of anions(me/1) -
. SAR
Adj P (ppm) =
Clay mineralogy: Vari
$i0,/A1,04(mol /mol) ——
$I05/Rg03 o fi
Feg03(mmol%)
X—ray report:
Remarks:

Kenya Soll Survey




PROFILE DESCRIPTION NO. 10

General site information

Mapping unit

goil classification
Observation no./date
Location/altitude
Agro-climatic zone
Parent material

Physiography
Relief

Slope at site

Vegetation

Land use

Erosion

Surface rockiness/stoniness
Surface sealing

Drainage class

Profile description

181

1 U2F1
luvic YERMOSOL
: 67-17; 23/3/8B2
Marsabit District; 37°31'E, 1959'N; 550 m
1 VII
: Gneisses rich in ferro-magnesian minerals (Basement
System rocks)
: Low level uplands
: Gently undulating
1.5%
: Grassland (Cenchrus ciliaris) with dwarf shrubs
(buosperma eremophilum)
Intensively used for grazing and cutting of the woody
vegetation
gtrong splash, severe sheetwash, moderate rill, severe
deflation. Obstacle dunes (about 50 cm) are present
: Nil to very few rock outcrops
Slight sealing
: Well drained

= 0-8 cm reddish brown (7.5 YR 6/6 dry), reddish brows (7.5 YR 4/4 moist);
sandy loam; weak, fine to coarse, angular and subangular blocky:

slig

htly hard when dry, very friable when moist, slightly sticky and

slightly plastic when wet; common ¢ine and medium, few coarse poresj
few small micas and dark minerals; clear and smooth transition to:

» 8-28 cm Yellowis
sandy loam to sandy

(sample no. 67-17/2)

h red (5 YR 5/6 dry) . red (2.5 ¥R 4/6 moist) s slightly gravelly.

clay loam; porous massive, moderately coherent,

breaking into weak, fine to medium, angular blocky: glightly hard

when dry, very friable when moist,
fine and medium, common, coarse pores;
angular quartz a

sticky and plastic when wet; many
fine gravel consists of sub-
nd feldspars; few fine micas and dark minerals; clear

and smooth transition to:

- 28-70 cm Red (2.5 YR 4/6 dry), reddish brown
gravelly sandy clay loam; strong, coa
moderate to weak,
dry; very fr

iable when moist, B

(sample no. 67-17/3)

2.5 YR 4/4 moist): slightly

rse prismatic, preaking into
coarse angular blocky: very to extremely hard when
ticky and plastic when wet; moderately

clay cutansj common fine and medium, few fine micas

hick, continous,

:ndcd;rkom:negaiag from 60 cm depth very few, small, soft Cac03
concretions; clear and smooth transition to:

(sample no. 67-17/4)
= 10-80 dry), reddish brown (5 YR 4/4 moist); slightly
& ::;izti;hsredylzlii ?égm; ;Lderata, fine to coarse, subanqulir biocky:

slightly hard when dry, very friable when moist,sticky :nd P asilc
when wet; many f£ine and medium, few coarse pores; very e?,fsma ﬁ 3
soft CaCO concretions; gravel consists of rock fragments; Lfew, sma

micas and~ dar

+
: 80-110 cm Rotten rock, gneliss with bio
mergino into coherent hard rock
REMARKS 3 Roots are prese
70 cm of the 8O

k minerals;

abrupt and smooth transition to:
(sample no. 67-17/5)
tite and amphibolite, calcareous; with depth

the profile up to 100 cm depth. The too

oughout
i fisonag itive reaction with the NaF test.

i1 shows a pos




LABORATORY DATA OF PROFILE DESCRIPTION No: 11

182

haplic YERMOSOL, stony and petric chase

FIELDOBSERVATION No: 5412 WAPPING UNIT: U2FA SOIL CLASSIFICATION:
Laboratory no. . ... /82 4312 | 4313 Depth (cm) = -
Horlzon A |ew Gravel % g laz
Depth (om) 0-10 | 10-50f | protrestment:
PH-HO(1:5. 4/ 178 | 7.6 Sand%20-008 mm | 64 | 72
pH-KCI " 6.8 | 6.7 Sit% 0.05-0.002mm | 18 | 10
EC(mmho/cm) .. 0.11 | 0.11 Clay % 0.002-0 mm 18 18
CaCO3 (%) ¥, Ll Texture class SL SL
Cas0, (%) Dispersed clay %
C (% 0.09 | 0.04 Flocculation Index
N (%) Texture USDA:
C/N sand % 2.0 — 1.0mm
CEC (me/100g), PH8204.3 | 13.7 w10 — 0.50mm |
CEC . i pH7.0 w o 0.50=0.25mm
Exch.Ca (me/100g) 9.6 l11.0 w w 0.25—0.10mm ]
« Mg 3.9 | 3.8 w v 0.10—0.05mm __ ]
v K 1.3 ] 0.5 Tolal sand % |
it 0.2 1 0, silt % |
Sum of cations hs.o [15.7 Clay % |
Basesat. %. pH8.2 |90 100 Texture class
" :' %, pH 7.0 Bulk density
ESP at pH 8.2 pe by Molsture % w/v at:
Saturation extract: BF 0
Molsture % i pF 2.0 —
pH—paste % pF 2.3 ]
ECe (mmho/cm) oF 0.7
Na(me/|) pF 3.0 =
o b PF 3.7
. pF 4.2
L Sk _m“” oy MI: Laboratory no.4403 ; 82
Sum of cations{me/!) PH-H,0 (1:2, 9/V) 7.8 Available | Total
00y me/t) Exch. acidity (me/ 100g) Na (me/100g) n.08
:o, s C% 0,35 K_« L] —_—
N% 0.06 Ox- 5.2
2.' - ¥ P-Oisen ppm) 25 Mg . 3.7 1
Mn . 0.5 ]
bin i P (ppm) 3
O vme. Various:
| $10z/Alz0q(mol/mol) |
$10,/Rg0y - ,
Feg0(mmol%) ' — |
X—ray report: 7
Remarks:

Kenya Soll Survey
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PROFILE DESCRIPTION NO. 11

General site information

Mapping unit : U2FA i

Soil classification : haplic YERMOSOL, stony and petric phase

Observation no./date . 1 54-21; 22/3/82

Location/altitude . Marsabit District; 37°30'E, 2°1'N; 600 m

Agro-climatic zone : VII

Parent material : Gneisses rich in ferromagnesian minerals

' (Basement System rocks)

Physiography : Low level uplands (middle slopes)

Relief + Undulating

Slope at site 1 5-7%

Vegetation . Virtually bare with some annual grasses and :
a few shrubs (e.g.piatropa) ﬂ

Land use : Over grazing takes place

Erosion : Strong splash and rillwash erosion

gSurface rockiness/stoniness : Rocky and exceedingly stony

Surface sealing + Nil

Drainage class . Somewhat excessively drained

Profile description

A 0-10 cm Reddish yellow (5 YR 6/6 dry), dark red (2.5 YR 3/6 moist); Very

’ ly hard when dry,
gravelly and slightly stony sandy loam; slight
very friable when moist, slightly sticky and slightly plastic
when wet; common fine, medium and coarse pores; gravel and stones
consist mainly of quartz; few, small micasj clear and smooth
transition to:
(gample no. 54-21/2)

s 10-22 cm yellowish red (5 YR 5/6 dry), dark reddish brown {Z.Eh:§ 3ﬁ5ra
moist); very stony and very gravelly gandy loami sliq hY :et-
when dry, very friable when moist, sticky and plast Clw e? uaétz;

angular and subangular gravel and stones consist mainly of q
few small micas; gradual and smooth transition to:
({sample no. 54=-21/3)

red (2.5 YR

" 22-45 com Essentially the same as above but different colours:
4/6 dry and moist); clear and smooth transition toi

¢ 45-70"cm Mainly rotten rock (gneiss)

REMARK : Roots are present up to 70cm depth
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LABORATORY DATA OF PROFILE DESCRIPTION No: 12

FIELDOBSERVATION Ne: _ 43-12 __ MAPPING UNIT: _LsViP $0IL CLASSIFICATION: calcaric REGOSOL,stony,sodic and pet:ic

Laboratory mo. .../ w Depth (cm) 0-40 phase
Horlzon Gravel %
[ Taxtwe, limited
Depth (cm) |_oretrestment
PH-H,0(1: 3, 9/¥) 8.8 Sand % 2.0-0.06 mm | 68
PH-KCI & 7.6 Sit% 0.05-0.002mm | 15
EC(mmho/cm) .. 0.0 | Clay % 0.002-0 mm i3
CaC0og %) 4 Texture class 5L
CaS0, (%) ' Dispersed clay %
C ™ 0.11 { Flocculation index i
N (%) Textwe USDA:
C/N Sand % 2.0 ~ 1.0mm
CEC (me/100g), pH 8.2| g w o 1.0 - 0.50mm
CEC .. « pHTO0 w o 0.50-0.25mm
Exch.Ca (me/100g) 18.0 ; w o 0.25-0.10mm

g i 1.7 + w 0.10 - 0.05mm

W M 30 Total sand %

w N& w e Sl %

Sum of cations 23.7 Clay %
Base sat. %, pH 8.2 100 Texture class

vt %7 Bulk density
ESP mpH 8.2 1 Molsture % w/v at:

Saturstion extract: pF O |
Molsture % pF 2.0 —
pH—paste pF 2.3
ECe (mmho/cm) oF 2.7
Na(me/1) pF 3.0 —
K w o3 |
Ca . oF 4.2
oo ) lﬂimlii_-n]: Laboratory no7126 ;82
e ) ud-l-lao (12.9w/v) 8.0 Available | Total
COy(me/1) Exch. acidity (me/100g) Na(me/100g) | 0.9
e 3 c% 0.08 K 1.1

_ﬁ Y N% 0.02 Ca 19.0
o ks P-Otsen  ppm) 12 Mg 6.0 |
anions(me/1) Mo 0.4
AR P (ppm) 218
Clay minersiogy: Vestesn:
| 8105/ Alz03mol/mol)
$i10/A05 . =~
Fo03(mmol%)
X—ray report:
Remarks:

Kenya Soll Survey




PROFILE DESCRIPTION NO.

PROFILE e e ——————

General site information

Mapping unit

goil classification
Observation no./date
tocation/altitude
pParent material
Physiography

Relief

Slope at site

Surface sealing
Drainage class

Profile description

AC 0-40 cm
CR 40t em
REMARKS :
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:+ LsVI1P
calcaric REGOSOL, stony. sodic and petric phase
43-12; 3/6/82

, Marsabit District; 37°56'E, 2%43'N; 580m

pasalts and pyroclastics (Tertiary/Quaternary volcanics)

; Stepped plateau

: Almost flat to gently sloping with slopes from
0-2% (slope class A)

: 2%

Vegetation : Very low cover with annual grasses and dwarf shrubs
Land use . Seasonal grazing

Erosion A desert pavement protects the soil from erosion
Surface stoniness/rockiness :+ Extremely stony and gravelly

: Nil

: Somewhat excessively drained

strong brown (7.5 YR 5/6 dry). yellowish red (5 YR 4/6 moist):
extremely stony and gravelly sandy loam; massive, slightly cohgrent;
soft when dry, Very friable when moist, slightly sticky and slightly
plastic when wet; strongly calcareous; stones and gravel consist of
lava fragments; gradual transition to:

(sample no. 43-12/2)

More than 90% stones in the soil

The soil is moderately sodic from the top downwards, Due to the
very stony character of the soil separate sampling from 0-10 and
was not possible.

10-40cm
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LABORATORY DATA OF PROFILE DESCRIPTION No: 13

FIELD OBSERVATION No: 55-16 MAPPING UNIT: Lsv2 SOIL CLASSIFICATION: chromic LUVISOL et
Laboratory no. .../ 81 4332 | 4333 | 4334 Depth (cm) 0-20 |20-50| 50-90
Horlzon ah | Bt1 | Bt2 Gravel % i
Depth (cm) 0-20 |20-50 [50-90 M
PH-H20(12,5v/Y) 7.3 | 6.5 | 6.7 Sand % 20-005mm | 45 | 18 | 16 N
pH-KCI i 6.4 | 5.8 | 6.0 Silt % 0.05-0.002mm | 26 22 30
EC(mmho/cm) .. 0.11) 0.24) 0.19 Clay % 0.002-0 mm 32 60 54 )
CaCOg (%) + - - Texture class ¢L | ¢ Lo- 4 i
Cas0 (%) Dispersed clay %
C (%) 0.88] 0.33] 0.29 Flocculation index
N (% 0.14 Textury USDA: _ 4
C/N 6 Sand % 2.0 - 1.0mm
CEC Ww. Iﬂl.! !1'1 Il?'-’ 15.3 v w10 - 0.50mm e
CEC . . PHT.0 ' w o 0.50-0.25mm —if
Exch.Ca Nm 24.2 o | B.E w o 0.26 - 0.10mm
« Mg . 9.2 ] 5.3 | 5. o u 0,10~ 0.05mm
w K ' 1.6 | 0.7 0.5 Tolal sand %
P 0.8 10,2102 Sil % 3
Sum of cations 35.8 |13.6 [11.7 Clay %
Basesat. %. pHB.2 | 100 | 77 | 76 Texture class
e HLTS Bulk density
ESP at pH 8.2 - —
3 1wy i’ 7 i T U 70-75 J
:m:m pF O |
sture
20 45.0 45.8 |
Frictests pF 2.3 29.6 32.8 B
— o pF 27 28.0 31.2 !
Na(me/I) oF 3.0
K '.
z ol s 25.2 28.4 .
- PF 4.2 22.9 25.7 o
o -] _mim' Laboratory no. 4418 /82
Sum of cations(me/1) =
PH-H,0 (13, sv/Vv) 6.8 Available | Total
03 tme/1) Exch. acidity (me/ 100g) Na (me/100g) 0.08
2 c% 1.2 A 1.0
el 1T = 3
0.14 8 . $.8
b T P—Otsen (ppm) ™™ B
Sum of anions(me/l) 4 = 4.6 |
" 0.8
Ad). SAR
P (ppm) -
Clay minerslogy: Mins:
| 5105/Aymol/mt
§10p/R05
Foy03(mmol%)
X—ray report: —
Remarks:
=

Kenya Soil Survey




PROFILE DESCRIPTION NO.13

General site information

—

Mapping unit

Soil classification
Observation no./date
Location/altitude
Agro-climatic zone
Parent material
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: LsV2
chromic LUVISOL
55-16; 29/3/82
. Marsabit District; 37°53'E, 2°11'N; 1050 m
1 V
. Basalts and pyroclastics (Tertiary/Quaternary

volcanics)

?hysiography : Stepped plateau

Slope at site : 1%

Vegetation : Shrubland with perennial grasses as understory
Land use : Intensive grazing

Erosion splash and slight rill erosion

Surface rockiness/stoniness : None to fairly stony

Drainage class

Profile description

Ah 0-20 cm

Bt1 20-55cm

Bt2 55-130"cm
REMARK :

: Well drained

park reddish brown (5 yR 3/4 dry)and (5 YR 3/3 moist); clay loam;
strong, fine to medium, subangular to angular blocky; hard when
dry, friable when moist, sticky and plastic when wet; few fine to
coarse pores; clear and smooth transition to:

(sample no. 55=16/2)

Red (2.5 YR 4/6 dry). dark reddish brown (2.5 YR 2.5/4 moist);
clay; moderate, coarse, subangular blocky, slightly hard when dry,
very friable when moist, sticky and plastic when wet; no cutans
observed; common, fine to coarse pores; gradual and smooth transition
to:

(sample noO. 55-16/3)

park red ( 2.5 YR 3/6 dry). dark reddish prown (2.5 YR 3/5 moist):
clay; weak, medium to coarse, angular blocky; hard when dry, very
friable when moist, sticky and plastic when wet; moderately thick,
broken, clay cutans: common fine to coarse pores; Very few,
medium, basalt fragments

(gsample no. 55-16/4)

Throughout the profile, common, fine and few, jarge roots occur.
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LABORATORY DATA OF PROFILE DESCRIPTION No: 4
: Ne: 55-19 Lavip TION: chromic VERTISOL, stony phase
I} FIELD OBSERVATION SAPPING VT
| Laborstory mo. ... /52| 7199 [7200 5-10+1—7u .
' Horizon Bw Bwk
| Depth (cm) 510 | 20-7 el
PH—H,0(1:2. %/v) 8.8 |8.4 22 20
}.1 PH-KCI " 7.8 |3.2 22 24
| EC (mmho/cm) .. 0.35 |0.30 56 56
! CaCO3 (%) e i Texture class c c
Cas0, (%) || Dispersed ciay %
C W 0.8 0.6 Flocculation index
N %) ' Textwe USDA;
c/N | smanzo- 1.0mm
m”m-ﬂl“ 37,5 | 34,5 » e 1.0 = 0.50mm
CEC .. .. pH7.0 | + »080-025mm
Exch.Ca (me/1000) | 46.0 | 46.0 1 # » 0.25-0.10mm ]
i, S 9.1 147 R app—
woi s T Total sand %
= Ne 0.6 0.7 sits
Sum of cations 61.8 Clay %
Baso sat. %, pH 8.2 100 | 100 Texture class
" " ‘ m?.o M ¥
ESP at pH 8.2 2 1 Moisture % w/yv at:
‘Satwration extract: || oeo ey
m‘ ' 20
PH-—pasie pF 23
ECe (mmho/cm) a7 ]
Na(me/1) pF 3.0
K . oF 37
Ca . ]
= pF 4.2 ]
Sum . W_w -,' Laboratory no. 714 52
"‘l-"""'"" PH=H,0 (1: 5 /v) 7.4 Available | Total
°°0":" Exch. acidity (me/ 100g) Na(me/100g) | 4,
c J
— : - % 0.4 K 0.2
o N% 0.13 Ca 14,0
oo : P-Otsen ( ppm) 2 Mg 7.6\ g
Ad|. SAR - 2 0! =
P (ppm) -
Clay mineraiogy: =
Various
. /mol) 7 | i o
8i0/R20; .
Feg0(mmolw) i B
X—ray report: T .
e e _ =
__""_—‘—-———-__.__
‘_ e e SR SEE—
L __-""_‘—-————-_.____ ————
e SRR S ]

Kenya Soll Survey
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ESCRIPTION NO. 14 iJ {
site information 1 i
% r |
|
: LaVip |
: chromic VERTISOL, stony and petric phase {
55-19; 2/6/82

: Marsabit District; 37°54'E, 2°7'N; 850 m

3V
: Basalts and pyroclastics (Tertiary/Quaternary
volcanics)
: Stepped plateau
: Gently sloping i
1 4% {
: Deciduous shrubland (Acacia mellifora as ."
dominant species) with herbs as understory !
+ Heavy grazing 8
: Slight splash and rillwash erosion il
stoniness/rockiness : Extremely stony {
cracking : 2 to 4 cm wide cracks, which go deeper than 50 cm !
class : Imperfectly drained 4
'

@ description

Dark reddish brown (5 YR 2.5/3 moist); extremely bouldery and
stony clay; strong, fine crumbs; friable when moist, sticky and
plastic when wet; slightly calcareous; boulders and stones consist
of basalt; abrupt and smooth transition to:

(sample no.55=19/1)

pDark reddish brown (5 YR 2.5/2 moist); very stony and slightly
gravelly clay; moderate, coarse, angular and subangular blocky;
very hard when dry, friable to firm when moist, sticky and
plastic when wet; moderately developed slickensides, wedge shaped i
planes with axes tilted 45°; very few fine pores; slightly |
calcareous; very few, small, carbonate concretions; boulders | :
and stones consist of basalt; clear and smooth transition to: . ;
(sample no. 55-19/2) _

park reddish brown (2.5 YR 2.5/2 moist); very bouldery and very
stony clay; weak, medium to coarse, angular blockyi very ha .
when dry, friable to firm when moist, sticky and plastic whentwe 1 :
moderately well developed slickensides; wedge shaped planes ; ;
450 angle: very few fine pores; moderately calcareous; very few, |
- i small, carbonate concretions; clear and smooth poundary tot
i (sample no. 55-19/3)

70%em Tuff

REMARK : Roots are present to a depth of more than 70 cm.

SPes = S bt
] Wb
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LABORATORY DATA OF PROFILE DESCRIPTION No: 15

calcaric REGOSOL, stony phase

FIELD OBSERVATION No:  55-)2 MAPPING UNIT: rovc) %M‘r!: —
r_:;"‘""-""‘az 4324 0% g “"+ ]
Horizon AB Gravel % 41 ]
Depth (cm) 0-40 _m :
PH-H0(1:; , 5v/v) 7.9 Sand % 2.0-0.05 mm | <
PH-KC! A2 6.9 Silt % 0.05-0.002mm | 18
EC(mmho/cm) .. 0.11 Clay % 0.002—0 mm 30
Cac03 %) Texture class SCL ]
CaS0, (%) Dispersed clay %
c 3 Flocculation index
N (%) Textwe USDA: _
cm Sand %20 - 1.0mm
CEC (me/100g), pH 8.2 262 w w10 = 0.50mm
CEC .. .. pH7.0 T 0.50 - 0.25mm
Exch.Ca (me/100g)  |35.¢ w1 0.25~0.10mm ]
T < M. o 0.10 = 0.05mm
Wil e . Total sand %
W 0.6 sil% ]
Sum of cations 411 Clay %
Base sat. %, pH 8.2 100 Textwre class
“ v % pHTD Bulk density
iﬁ ol pH 8.2 2 Maisture % w/v at:
sastwation extract: 0 ‘
Moisture % oF 2.0
PH—paste PF 23 =
ECe (mmho/cm) pF 2.7
Na (me/1) pF 3.0
B 3T
Ca . pF 42 -
o= —th,’ Laboratory no. 44) 4/ 82
Sum of cations(me/1) PH-H,0 (1:2-¥/v) 8.2 Available | Total
CO;y(me/1) Exch, acidity (me/ 100g) Na(me/100g) 0.4
T c% 0,14 K 0.6 |
_ﬂ & N% 0.04 Ca 19.6
2‘ 4 P—Otsan | ppm) 12 Mg B.1 }
_— Mn 0.4
Adj. SAR =
P (ppm) -
Clay minsrsiogy: Various:
| S10/Al05mol/mol )
$0y/R0s " w
Fo,0;(mmoly) ﬁ
X—ruy report: 5
-
o Kenya Soil Survey
L]




PROFILE DESCRIPTION NO. 15

General site information

ing unit
Soil classification
Observation no./date
Location/altitude
ﬁgro-climutic zone
Parent material

Physiography
Relief

Slope at site
Vegetation
Land use
Erosion

Surface rockiness/stoniness
Surface sealing
Drainage class

Profile description

AB 0-40 cm Yellowish red

191

: LsVC1

: calecaric REGOSOL, stony and petric phase

s+ 55-12; 25/3/82

: Marsabit District; 37°51'E, 2924'N; 840 m

t VII

: Basalts and pyroclastics (Tertiary/Quaternary
volcanics)

:+ Stepped plateau

+ Gently sloping

t 1.5%

: Annual grassland with dwarf shrubs and shrubs

: Seasonal grazing

: Strong splash and rillwash erosion, partly
prevented by a stone mantle

: Extremely stony

:+ Nil

: Well drained

(5 YR 4/6 dry), reddish brown (5 YR 4/4 moist);

very stony and gravelly sandy clay loam; weak, fine to medium,
subangular blocky; soft when dry, very friable when NOiStfl :
slightly sticky and slightly plastic when wet; strongly ?d careous;
stones and gravel consist of lava; gradual transition to:

(sample no. 55-12/2)

More than 80% stones and gravel (lava)
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1
’ LABORATORY DATA OF PROFILE DESCRIPTION No: ¢
FIELDOBSERVATION No:  55-13 MAPPING UNIT: LsVC1l A 2 _YERMOSOL, boulder= .
Laboratory no. ... /82| 4325 4326 | 4327 |4328 : Depth (cm) 0-20 |20-60{60-90 110-15¢ and sodic phase
it Horizon A lBw1 [Bw2 k\rz Gravel % ] 1
H = Texiwe, Tmiied
i Depth (cm) 20| 60~ 10-1 | pretreatment :
f PH-H,0(12.5v/v) 8.1 ja.8 Jeax {78 | Sand % 2.0 -0.05 mm | 44 16 8 40
PH-KCI " .0 lra |21 | 3.2 Silt % 0.05-0.002mm | 20 | 24 22 16
I EC(mmho/cm) .. 0.17]0.24] 0.85 | 3.00 Clay % 0.002-0mm | 36 | 40 | 40 a4
c‘o’m R S 44 Texture class CL cL/c CL/C of
| Caso, 0 3 Dispersed clay %
: Cw 0.11 .‘1.2 _.n.u 0.11 Flocculation index
f N (%) Texture USDA: cd
: C/N Sand % 2.0 — 1.0mm
”I'J'! CEC (me/100g), pH 8.2] 25.3| 28.5| 29,8 | 26.4 80 = 0.00mm
J|‘ CEBO .o 4 P s w o 0.50-0.25mm
it Exch.Ca(me/1009) | 43.5 30.5] 44.6 | 44.5 ¢+ 0.25-0.10mm o]
} o Mg " ' 4.0 1155. 6.6 8.2 s 0,10 = 0.05mm
! " K " ae 14 Vi a 1.9 Total sand %
| v TN a8 2] sal 20| 10 siitw
Sum of cations s4.5 ] 5.7 Clay %
! Base sat. %, pH 8.2 (jop Lun 100|100 Texlure class
||
il » o % pHT.0 Bulk density
: ESP at pH 8.2 1 ul 2 | Moisture % w/v at:
! Saturation extract: . ‘ oF 0
Moisture % | 4.0 | s0.0 pF 20
PH-paste : o] e pF 2.3 ]
ECe (mmho/cm) 60 8.5 pF 2.7
Na(me/I) ) ; oF 30
KT v e B
| cs } oF 4.2
: e -—w-;l ” Laboratory no. 44,5 /g2
L: Sum of cations(me/1) ; PH-H,0 (15 gv/v) 6.3 Avaiatie | Totai |
{ GOy ime/1) Exch, acidity (me/ 100g) Na(me/1009) | , . w
(‘ o 115 c% 0.2 K- .. 0.6
il | —z - N% 0.06 Ca . 35.0
. A4 P-Otsen( ppm) % Mg . - N
Sum of anions(me/1) 5 s |
Adj. SAR = o ; =
Clay minerslogy: .
| 3102/ A1203(mol/mal)
§O0x/Re05
Fo305(mmol%)
X-nw-lu: & i
From 20-¢ kite, illite and kaolinite
Occur, from 60-90cm the same but with traces of Remarks:
montmorillonite,

Kenya Soil Survey
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n no./date
ltitude
Filiic zone
material

. class
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: LsVCl

: haplic YERMOSOL, boulder-mantle*, saline and sodic
phase

: 55=13; 6/3/83

Marsabit District; 37°50'E, 2°29'N; 840 m

: VII

: Basalts and pyroclastics (Tertiary/Quaternary

volcanics)

Stepped plateau

Gently sloping

t 3%

: Annual grassland with some shrubs

: Seasonal grazing

: Very limited, due to boulder mantle

.-

-

e rockiness/stoniness : Rocky and exceedingly bouldery or stony

: Slight crust
: Well drained

Yellowish red (5 YR 4/6 dry), dark reddish brown (5 YR 3/4 moist);
very stony clay loam; moderate fine to medium, granular; soft when
dry, very friable when moist, slightly sticky and slightly plastic
when wet; common fine and medium, few coarse pores; strongly
calcareous; stones consist of basalt; gradual and smooth transition
to:

(sample no. 55-13/2)

Reddish brown (5 YR 4/4 dry), dark reddish brown (5 ¥R 3/4 moist);
clay loam to clay; moderate, cOarse, angular blocky: slightly
hard when dry, very friable when moist, sticky and plastic when wet;
common fine and medium, few coarse pores; strongly calcareous;
gradual and smooth transition to:

(sample no. 55=13/3)

Yellowish red (5 YR 4/6 dry). dark reddish brown (5 YR 3/3 moist);
clay loam to clay; massive, moderately coherent; slightly hard

when dry, very friable when moist, sticky and plastic when wet; thin,
patchy, clay cutansj few fine and medium poresj; strongly calcareous;

(sample nos. 55-13/4 from 60-90 cm and 5 from 110-150cm)

20 cm depth.
100 em depth.

Slightly saline from 60 cm, moderately sodic from
Many roots in top 20 cm, common fine roots up to

e, S T A T = e
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. LABORATORY DATA OF PROFILE DESCRIPTION No: 17
h . FIELD OBSERVATION Ne: 43— MAPPING UNIT: LnVl S0IL IFICATION: haplic YERMOSOL, boulder-mantle*, saline
[ Laboratory no. ../, i Depth (cm) 0-15]15-30[30-70 | ana[sodic phase
i Horizon ; % awil w2 Gravel %
| Dot cm s hs-s020- [ ersnent
PH-Ho0(12,5v/v) 8.8 [ 9.1 | 8.1 Sand%20-006 mm | 36 | 34 | 32
- pH-KCI 5 7.6 | 8.0 | 6.9 Sit% 0.05-0,002mm | 38 | 36 | 42
: EC(mmho/cm) . 0.35] 0.55] 3.0 Clay % 0.002—0 mm 26 | 30 | 26
i CaC03(%) el o I Texture class CL cL cL
I Cas0, (%) < Dispersed clay %
' C % 0.11) 0.17] 0.14 Flocculation index
; N (%) Texture USDA:
'i C/N Sand % 2.0 - 1.0mm
| { CEC (me/100g), pH 8.2(11.0 [10.5 |11.8 w 1.0 = 0.50mm
: CEC .. . pHTO « o 0.50=0.25mm
Exch.Ca (me/100g) 24.0 [28.5 [24.0 w4y 0,25 - 0.10mm
”‘I HE Mo 15119009 __»w 0.10-0.05mm
Ir | : :' i kb aallg Total sand %
i ¥ 20 13.7 5.4 Siit %
I}' Sum of cations 209 |15.5 1) 9 Clay %
F Basosal. %. pH8.2 109 100 [100 Texture class
i EI? ""’H:-;" 7.0 Bulk density
18 | 35 46 Moisture % w/v at:
Saturation extract: PF O
Moisture % 4.6 oF 2.0
PH-paste : 7.6 PF 23
o Dewon 8.5 oF 27 |
e (me/1) l oF 3.0
Sl [ pF a7
it pF 4.2
. il [ FellTiy sspecis: —
S | [0 20cm) Laboratory no. 7;3¢/82
gg’w" pn-uao (13 gv/v) 7.4 Available | Total
o Exch. acidity (me/ 100g) Na(me/100g) | , ,
b C% 0.4 K . 0.2
"~ pges N% 0.13 Ca .. 4.0
o P—Ofsen ppm) 2 Mg . 1.6
| oy o . 0.02
| Clay mineralogy: Various: e =
[ $105/A1,0, mot
810,/R0; .. —
Fe303(mmol%)
X—ray report:
Pemark
|
L =
[

Kenya Soll Survey




‘Observation no./date
!_matton/ntituda
Agro-climatic zone H
‘Parent material :
Physiography
Relief

Slope at site :
Vegetation 3
Land use

Erosion

Surface rockiness/stoniness
Surface crusting

Drainage class :

-

Profile description

195
ILE DESCRIPTION NO. 17
‘General site information
‘Mapping unit t LnV1
‘Soil classification : haplic YERMOSOL, boulder-mantle*, saline and sodic

phase
43-19; 5/6/82

. Marsabit District; 37°46'E, 2°52'N; 550 m

VII
Basalts mixed with ashes (Quaternary volcanics)

: Non-dissected plateau
: Nearly flat

1%
Few annual grasses
Occasionally seasonal grazing

None

: Non to fairly rocky; exceedingly bouldery or stony

Slight crust

: Well drained

o 0-15 cm vellowish red (5 YR 5/6 dry), dark reddish brown (5 YR 3/4 moist);:
very stony clay loam; strong, fine to medium crumb; soft when dry,
very friable when moist, sticky and slightly plastic when wet; .
many fine to medium. pores; strongly calcareous; stones consist o
basalt; gradual and smooth transition to:
(sample no. 43-19/2)
Bl 15-30 cm Colour and texture as above; strong fine to medium subangular
to angular blocky: soft when dry, very friable when moist, stic%y
and plastic when wet; many fine and medium, common coarse pOres;
strongly calcareous, gradual and smooth transition to:
(sample no. 43-19/3)
Bw2 30—70+cm lo as above; clay loam;porous massive, weakly coherent
ggeatinq inzo weak, ¥ine topcoarse angular blocky; many fine
to coarse pores; strongly calcareous
(sample no. 43-19/4)
REMARKS : Slightly saline from 30 cm downwards, strongly sodic thoughout.

Mainly roots from 0-50cm, but some are going deeper.
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LABORATORY DATA OF PROFILE DESCRIPTION No: 15
FIELD OBSERVATION No: 4.4 G UNIT: ATION: spantle® plass
{ Laboratory no. ... /g, | | 4365) 43 Depth (cm) 0-10 l10-3 -850
f Hotizon A | aB | Ba Gravel % | =
| Depth (cm) 0-10|10-3030-50 . m —
; PH-HOM:, vV |82 8.3 | 83 Sand %2.0-005mm | 4o | 40 |4
' PH-KCI o eslsnles | Silts o00s-0.002mm | ., | .o |,
i| EC(mmho/cm) .. 0,300 0,25 | Clay % 0.002-0 mm 26 30 | 30
1 ' CaCOg (%) 444 | der | aie - : Texture class L cL |cL
‘ Caso, v Disporsed clay %
| il cm 0.04 0.09] 0.07 Flocculation index
jl }[. N (%) F Texture USDA:
;!-HI‘[ c/N ' Sand % 2.0 ~ 1.0mm
Jf,:? CEC (me/1000), PH 8.2]5y 5 [22.1 | 27,0 « 1.0 - 0.50mm
,']I CEC . . pHTO ' w v 0,50~ 0.25mm
'W' Exch.Ca (me/100g)  [48.2 [38.5 |46.5 10 0.25-0.10mm |
fii i 3.7 (2.9 ]| 2.9 » 010~ 0.05mm
i L a1 l28]1s Total sand 5%
i v Na . 0.7 | 0.7 | 1.0 Silt%
i o S 56.7 [44.9 [s2.3 Clay %
{ Base sal. %, pH8.2 (100 |100 |100 Texture class
D % 2.0 Bulk density
ESP at pH 8.2 o & Moisture % w/v at:
Saturation extract: i pF 0
Moisture % pF 2.0
pH-paste oF 2.3 ]
ECe (mmho/cm) : oF 2.7
Na (me/1) : ; pF 3.0
K ' oF 3.7
Ca .. _ pF 4.2
e 1 : W Laboratory no. 4394 /g2
Sum of cations(me/) PH-H,0 (15 sv/v) 8.1 Available | Total
oS twh Exch. acidity (me/ 100g) Na (me/100g) 0.07
’m’ 5 C% 0.35 K v 1.1
:; - N% 0.05 Ca .. 32.0
. ity P-Oisen (ppm) 7 Mg . 7.2
Sum of anions(me/l) i xy
a1 P (ppm) ¥
Clay mineralogy: Various
/AL, /mol)
EO
Fo,04(mmolw)
~ray report: From 10 o 50 em;
Falygorskite 1s the dominating clay mineral. =
INMW Remarks:
kaolinite.

Kenya Soll Survey
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RIPTION NO. 18

: Lnv2
: haplic YERMOSOL, boulder-mantle* phase
1 54-14; 12/3/82
: Marsabit District; 37°15'E, 2°5'N; 650 m
: VII
: Basalts with ashes (Quaternary volcanics)
: Non dissected plateau
: Nearly flat
0.5-1%, sloping towards the east
: Shrubland with annual and perennial grasses
as understory
: Occasionally seasonal grazing
: Nil
: Exceedingly bouldery to exceedingly stony
: Nil
:+ Well drained

Yellowish red (5 YR 5/6 dry), dark reddish brown (5 YR 3/4 moist) ;
stony loam; moderate, fine to medium, subangular blocky; loose
when dry, very friable when moist, sticky and plastic when wet;
few fine to medium pores; strongly calcareous; very few,
medium to large, hard, CaCO3 concretions; clear and smooth
transition to:

{sample no. 54-14/2)

Yellowish red (5 YR 5/6 dry), reddish brown (5 YR 4/4 moist);
clay loam; moderate, fine to medium, angular to subangular
blocky; soft when dry, very friable when moist, sticky and plastic
when wet; few fine to medium pores; strongly calcareous; very
few, medium to large CaCO, concretions; abrupt and smooth
transition to:

(sample no. 54-14/3)

park brown (7.5 YR 4/4 dry), dark reddish brown (5 YR 3/4 moist):

clay loam; weak, coarse primatic, breaking into weak, medium to

coarse, angular blocky; slightly hard when d:¥, very friable

when moist, sticky and plastic when wet; few fine pores;

strongly calcareous; very few, medium to large, c:co3 concretions;

clear and smooth transition to: |
(sample no. 54-14/4)

Strong brown (7.5 YR 5/6 dry), dark reddish brown (5YR 3/4 yoistl:
clayngoams weak, medium to coarse, angular blockyi slightly ey
hard when dry, very friable when moist, sticky and pl:::ic : e
wet; few fine pores; strongly calcareous; very few, m to“l o
large Caco3 concretions; abrupt and smooth transition H

and Cac03

Basalt stones and gravel, covered with CaCO4
concretions.

Roots only present up to 50 cm depth.

r g S T — I T
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LABORATORY DATA OF PROFILE DESCRIPTION No: 19

FIELD OBSERVATION No: 41-8 MAPPING UNIT:  LaVip YMEN_ - YERMOSOL,stony petric lLd_g%dl.c
—— - p ase
Laborstory 0. .../ )| 3131 313 Depth (cm) 0-10]10-50
Horlzon o lne Gravel % 49 |lnag
[ Texturs, limited
Depth (cm) 0-10 10-50 - | pretrestment ;
BH-H20(13 sv/¥) 8.2 |8.4 Sand %2.0-008 mm | 46 | 38
PH-KCI " gl Silt% 0.05-0.002mm | oo | 5,
EC(mmho/cm) .. 0 0.35 : Clay % 0.002-0 mm 28 10
CaCO3 (%) Texture class SCL | cL
Cas0,(%) Dispersed clay %
cMm 0.26 Flocculation index
N (%) Texture USDA:
C/N Sand % 2.0 ~ 1.0mm
CEC (me/100g), pH 8.2 36.5] 40.5 w w 1.0 = 0.50mm
CEC . . pH7.0 w v 0.50~0.25mm
Exch.Ca (me/100g) 29.8 | 44.3 s e 0.25=0.10mm
w Mg s.2] 5.7 v w 0.10 = 0.05mm
o ok 1.5] 0.3 Total sand %
v Na oo 0.9| 2.7 Silt %
Sum of cations 37,4 s3.0 Clay %
Base sat, %, pH 8.2 100 | 100 Texture class
woow % pHT.0 Bulk density
ESP atpH 8.2 2.5 |6.7 Molsture % w/v at:
Saturstion extract: ]
Molsture % : pF 2.0
pH-paste pF 23
ECe (mmho/cm) pF 2.7
Na (me/1) pF 3.0
K w pF 3.7
Ca . pF 4.2
Mg . -
Laboratory no. g3 7 2130
Sum of cations(me/1) pH=H,0 (12, 5v/v) 7.7 Avaliable | Total
COy(me/1) Exch, acidity (me/ 100g) Na(me/100g) | . g
= 3 c% 0.29 . 0.5
1 o
E N% 0.05 Ca .. 15,0
R P-Otsen( El
ppm) Mg . 4.5
Sum of anions(me/l) Mn
Ad). SAR - —
P (ppm) 41
Clay minerslogy: Various:
| 810,/A1,0mol/mo)
$102/Rp05 .
F 850 3(mmol%)
X-ray report:
Smectite, traces of kaolinite and few traces of
palygorskite were found, Remarks

Kenya Soll Survey



 BROFILE DESCRIPTION NO.19
te information

Mapp unit

Soil classification
servation no./date
1t on{nltitude

3 ﬂll.llltl.t'. zone
ili‘iﬁ material

wlﬂl sealing
Drainage class

Brofile description

A 0-10 cm

Bw 10-40 cm

CR 50" em
REMARKS :

199

LnV3p

halpic YERMOSOL, stony, petric and sodic phase
: 41-8; 2/2/81

Marsabit District; 36°51'E, 2932'N; 800 m

1 -VII

: Basalts and pyroclastics (Quatenary volcanics)

%lml‘lph? : Non-dissected plateau
l&t at site : 2%
_!?!ltltlon : Bushed annual grassland with a low vegetation
:"_i cover
~ Land use : Occasionally seasonal grazing
Erosion : Slight splash and rill wash erosion
; !g:tlut rockiness/stoniness : Fairly rocky and exceedingly gravelly and stony

: Nil
: Well drained

Light reddish brown (5 YR 6/4 dry), dark reddish brown (5 YR 3/3
moist); very stony and very gravelly sandy clay loam; moderate,
fine to medium subangular blocky; slightly hard when dry,
very friable when moist, slightly sticky and slightly calcareous;
stones and gravel consist of basalt; gradual and smooth
transition to:

(sample no. 41-8/1)

Reddish brown (5 YR 4/3 dry), dark reddish brown (5 YR 3/2
moist); slightly stony and gravelly clay loam; moderate, fine to
medium, subangular blocky; slightly hard when dry, very friable
when moist, slightly sticky and plastic when wet; very few
pores; strongly calcareous; stones and gravel consist of
basalt; clear and smooth transition to:

(sample no. 41-8/2)

More than 90% stones, basalt. The stones are covered with a
thin layer of CaCO,.

Roots are present throughout the profile.
From 15 cm downwards, the soil is slightly sodic.
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LABORATORY DATA OF PROFILE DESCRIPTION No: 20

FIELD OBSERVATION Ne: 41-16 i UNIT: LnVip orthic SOLONETZ, boulder-mantle* phase
-Lmu-.---m 4328| 4329| 4330 | 4331 Depth (cm) 0-10 w-gi 40-60 su-lzqii
Horlzon A |8t |[Ben [Ben Gravel %
Depth (cm) 0-10 |10-40 |40-60 | 60-120 | pretreatment ;
PH-H,0 (1, v/v) gi laslace Yai Sand % 2.0-0.06 mm | 84 56 44 34
pH-KCI “ 6.1 6.9 | 7.1 | 7.4 Silt% 0.05-0.002mm | 10 12 16
EC(mmho/cm) .. 0.25) 0.11| 0.24 | 1.00 | Clay % 0.002-0 mm 10 | 34 | a4 50
CaCO3 (%) Texture class Ls | scr | ¢ c
m‘l‘l i Dispersed clay %
C % 0, Flocculation index
N (%) 0,04 Texture USDA:
C/N Sand % 2.0 — 1.0mm
CEC (me/100g), pH 8.2) 4 o (39,0 | qai0 o 1.0 — 0,50mm
CEC . . pHT.O o 1 0,50~ 0.25mm
Exch.Ca me/1009) 7.3 [31.5] 305 39.5 « 0 0.25-0.10mm
v Mg 435 | 9.5]14.5 | 180 % 2t A0 .00
W e 0.8 {13! o8] 1.6 Total sand %
v Na o, 0.3 | 1.9)11.3 | 13,0 Siit %
Sum of cations %L.s 44.0057,1 | 22,9 Clay %
Base sat.%.pH8.2 1100 [100 [100 | 100 Texture class
"o % pHT0 Bulk density
ESP at pH 8.2 4 7 29 kT Moisture % w/v at:
Saturation extract: o |
Molsture % 62.0 oF 2.0
PH—paste 8.5 pF 23 =
ECe (mmho/cm) 1,18 oF 27
Na(me/1) pF 3.0
. B oF 3.7
Cs .. pF 4.2
M . Wﬂ L~ Laboratory no. 81 ;4361
Sum of cations(me/|) pH=H,0 (1:2, 3/v) 8.2 Available | Total
_..E"_N” Exch. acidity (me/ 100g) Na (me/100g) 1.8
:o’ c% o K 0.2
% - N% n.d. Ca 723
4 P—Oisen  ppm) 2 Mg 8.9
Sum of anions(me/1)
Mn 0.02
A:' o P (ppm) 22
lay mineralogy: Various:
=02/ Alz0q(mot/mol)
810,/R05 ..
Fe0;(mmol%)
[y or -
Small amounts of smectite
palygorskite clay minerals were detected with Remarks:

traces of kaolinite,

rr**r-

Kenya Soll Survey
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PTION NO.20
te information -
?ﬁ.‘t : LnVip
sification : orthic SOLONETZ, boulder-mantle* phase
on no./date : 41-16; 20/3/83
ltitude : Marsabit District; 36045'3, 2034-51; 600 m
atic zone : VII
ial : Basalts and pyroclastics (Quaternary volcanics)
phy : Non-dissected plateau '
: Nearly flat, interrupted with cinder cones
site 1 1% .
: Annual grassland with a very low vegetation cover |
: Seasonal grazing |
: Exceedingly bouldery to exceedingly stony '
1 Nil
: Moderately well drained
escription ;
_ 0-10 cm Brown (7.5 YR 5/4 dry), dark brown (7.5 YR 3/4 moist); very bouldery, y
very stony, gravelly, loamy sand; massive, weakly coherent; soft when .
dry, very friable when moist, non-sticky and non-plastic when wet; 1
strongly calcareous; coarse fragments consist of various lava parts; i
sharp and smooth transition to: h
l (sample no. 41-16/1) |
: )
- 10-40 em Reddish brown (5 YR 4/4 dry and moist); slightly gravelly, sandy |
clay loam; moderate, coarse prismatic, breaking into weak, coarse,
angular to subangular blocky; slightly hard when dry; friable when
moist, sticky and plastic when wet; thin, patchy, clay cutans; few fine .
and very few, coarse pores; strongly calcareous; very few, medium, soft "
Cacoa concretions; gravel consists of small basalt fragments; gradual
and smooth transition to:
(sample no. 41-16/2)
40-120"cm Reddish brown (5 YR 4/4 dry and moist); slightly gravelly clay; weak,
i coarse prismatic breaking into weak, coarse angular and subangular
blocky; slightly hard when dry, friable when moist, sticky and =8
plastic when wet; moderately thick, broken, clay cutans common, fine,
pores; strongly calcareous, few to frequent, medium, soft c-l:03
concretions; gravel consists of basalt fragments s
(sample nos. 41-16/ 3 ‘from 40-60 cm and 41-16/ 4 from
100-120 cm)
REMARKS : Non saline; strongly sodic from 40 cm downwards. Roots mainly

present in top 50 cm.
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! LABORATORY DATA OF PROFILE DESCRIPTION No: 2
f FIELDOBSERVATION No:  42-11 MAPPING UNIT: LdVP soIL TION:haplic YERMOSOL,stony and petric phase
| [ Lavorstory no. ... /81| 7901 7902 Depth (cm) F-zo 20-50
: Horizon A |Bw Gravel % 20 |n.a.
i Depth (cm) 0-20] 20-5 w
i PH-H0(1:, ¥/v) 2.5 8.8 Sand%2.0-005 mm | .o | 5,
PH-KCI " 6.8 | 7.4 Silt% 0.05-0.002mm | 30 | 30
EC(mmho/cm) .. 0.20] 0.3 Clay % 0.002—0 mm 42 | 18
CaCOy (%) Texture class c |cL
CaS0, ) Dispersed clay %
Cw 0.4 Flocculation index
N (%) Texture USDA:
C/N Sand % 2.0 - 1.0mm
CEC (me/100g), pH 8.2| 35.2 | 44,0 o 0 1.0 = 0.50mm
CEC . . pHTO v v 050~ 0.25mm
Exch.Ca me/100g) | 36.4 [42.9 v 0.25~0.10mm
o Mg . 7.7] 6.2 « u 0.10 = 0.05mm
R 1.7 | 0.9 Total sand %
i 0.6] 1.1 Silt %
Sum of cations 46,4 510 Clay %
Basesat. %, pHB.2 |100 [100 Texture class
o %10 Bulk density
SP mpo2 o B Molsture % w/y at:
Satwration extrect: pF 0
Moisture % pF 2.0
PH-—paste pF 2.3
ECe (mmho/cm) pF 2.7
Na(me/1) pF 3.0
e pF 3.7
s pF 4.2
o A m Laboratory 0. 41 /7paq
l-duthmwu PH-H,0 (1:2. 5/v) 7.1 Available | Total
b |l Exch. acidity (me/ 100g) Na (me/100g) 0.7
= o N e
TR N% 0,05 Ca . 14.0
Sum of anions(me/l) P-Otsen (ppm) 17 Mg . 7.4
M . 1.5
ot e P (ppm) -
Clay mineraiogy: Viitousi
| $10y/A103mol/mor
$i0,/Rz0; .
Fo304(mmol%)
X~ray report:
Smectite is domi N
palygorskite and mixed layer clay minerals. 2

Kenys S0l Survey
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e _information
unit’ 1 LAVP.
; sification : haplic YERMOSOL, stony and petric phase
tion no./date : 42~-11; 20/7/81
altitude : Marsabit District; 37° 24'E, 2°32'N; 550 m
imatic zone : VII
+ Basalts, mixed with some tuffs and ashes
: Dissected plateau
: Undulating to rolling
t 2%
: Shrubland (Acacia senegal, A. horrida) with
annual grasses (Aristida sp.)
: Grazing
) : Slight gully at edges of the plateau
rockiness/stoniness : Non to fairly rocky, exceedingly stony
» sealing : Nil
e class : Well drained
gcription
0-20/30 cm Dark reddish brown (5 YR 3/3 dry and 5 YR 3/4 moist); very stony
clay; strong, medium, granular, with depth merging into strong,
medium and coarse, subangular blocky: slightly hard when dry,
very friable when moist, very sticky and plastic when wet; patchy
pressure faces; few, fine to medium pores; slightly calcareous;
stones (10-20 cm) consist of angular basalt; gradual and wavy
transition to:
(sample no. 42-11/1)
20/30-50 cm park reddish brown (SYR 3/3 dry and 5 YR 3/4 moist); vexry sto?y loam;
strong, coarse prismatic, breaking into weak, coarse, subangular ok
blocky; very hard when dry, very friable when moist, very sticky a
plastic when wet; few pressure faces; few pores of various lis:.:nd
moderately calcareous; stones consist of angular basalt; abrupt a
smooth transition to:
(sample no. 42-11/2)
50*cm Fractured basalt stones and boulders, 20 to 40 cm in dimension, which
are covered with Ca003 spots.
REMARKS : The surface is very soft. Roots are present throughout the

profile.
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‘ LABORATORY DATA OF PROFILE DESCRIPTION No: ;;
?i FIELD OBSERVATION Neo: 55-22 ; RVp ;ferralic CAMBISOL, bouldery and partly
FIELDO .
| l-myu..-..}“ 823 | 824 | 835 Depth (cm) 0-20 [20-40 l40-60 petric [phase
(HHR Horizon A | ma| sw2 Gravel %
Depth (cm) 5 |__protreatment ;
| PH-H0(1:2, 9/v) 7.9 | #3113 ; 3} || Sandn20-005mm | 26 |5 | 20
PH-KCI " 6.6]6.2] 6.0 || sit% 0.05-0.002mm 8 | a2
EC(mmho/cm) .. 0.14) 0.10] 0.10 s | ~ Clay % 0.002—0 mm 28 | 46 48
CaCOg3 (%) = : : Texture class cL c c
Cas0, (%) || Dispersed clay %
: C (%) 1.02| 0.74] 0.56 Flocculation index
Ii | N (%) i Texture USDA:
{ C/N ] _ Sand % 2.0 — 1,0mm
CEC (me/1009). PH 8.2| 14,6 |18.9 | 14.2 & o) v o 1.0 = 0.50mm
'H* CEC . .. pHTO o w 0.50=0.25mm
| ExchCame/1000) [0 |, ] 50 «  0.25-0.10mm
v Mg . 5.4 | 6.2] 5.3 1 v 0.10 - 0.05mm
L0, SO 1.7 [ 15| 10 Total sand %
o0 N PR e T Siit %
) Sum of cations 17.8 [17.0 | 14.9 Clay %
Bosesat.%. 82 | 150 [ o5 |00 Texture class
| " - .‘m?.o
A . : Bulk density
ESP at pH 8.2 Py 3 Moisture % w/v at:
Saturation extract: :
Molsture % X - _::’
e + - =
! o
. ; 3.0
] n L *
o PF AT
: PF 4.2
e S ” [~ FerllTty aspecis
k“ _m ; me no. B26/83
wwl) i) PH-H,0 (12 5v/v) 8.2 Avallable | Total
| | SOy ~ all Exch. acidity (me/ 100g) Na(me/1009) | .3
Py " Cc% 0,99 K 1.2
T‘— | 3 N% 0.10 Ca 9.4
o : P-Olsen ppm) Mg 8.4
Ad), SAR Mn . 0.9
Cley ' P (ppm) 48
“"-“ Various:
~ )
8102/R305
Fe,03(mmoix) 3
X~ray report:
[ Remarks:
Kenya Soll Survey
L]
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DESCRIPTION NO.22

te information R o
unit : RVp
sification : ferralic CAMBISOL, bouldery and partly petric .
: phase
ation no./date + 55-23; 17/1/83
’lltituda : Marsabit District; 37°53'E, ZOG'N: B40 m . o
tic zone 1 V
material : Basalts and pyroclastics (Tertiary/Quaternary "o
volcanics)

ph : Footridges
: Crests are undulating, with steep slopes to
the valley sides

at site : 5%
on : Evergreen to semi-deciduous bushland with
perennial grasses as understory
ﬂh. :+ Beasonal grazing
or . Severe sheetwash, slight gully
e rockiness/stoniness : In places stony
rface sealing _ : Nil
age class : Well drained
description
0-20 em Yellowish red (5 YR 3/5 dry), dark reddish brown (2.5 YR 3/4

moist); stony clay loam; moderate, fine to coarse, subangular

blocky; slightly hard when dry, very friable when moist,

sticky and plastic when wet; many fine, few medium and large

pores; stones consist of basalt; clear and smooth transition to;
(sample no. 55-22/1)

20-40 cm park reddish brown (2.5 YR 3/4 dry and moist); stony and
bouldery clay loam; weak, medium to coarse, angular blocky;
very friable when moist, sticky and plastic when wet; many
fine, common medium, few large pores; boulders and stones
consist of basalt; gradual and smooth transition to:

(sample no. 55-22/2)

40-65 cm park reddish brown (2.5 YR 3/4 dry and moist); very bouldery
clay loam; porous massive; weakly coherent; very friable when
moist, sticky and plastic when wet; many fine, few medium
pores; boulders consist of basalt; gradual transition to:

(sample no. 55-22/3)

+
65 cm More than 80% basalt boulders

REMARKS : The stones and boulders in the profile are rounded and
slightly weathered at the outside. Roots are present
throughout the profile.
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LABORATORY DATA OF PROFILE DESCRIPTION No: 23

FIELDOBSERVATION No:  41-10  MAPPING UNIT: RVA SOIL CLASSIFICATION:eutric CAMBISOL,stony phase
Laboratory no. ... /g1 | 4315) 4316) 4317 Depth (cm) 0-15 | 30-60 70-80
== L Inln e
el ) 9-15130-60, | orotrestment:
PH=H,0(1:2, 5v/v) 6.7] 6.8 | 7.4 Sand % 2.0-0.06 mm | 38 38 40
PH-KCI " 5.5/ 5.4 | s.0 Siits 0.05-0.002mm | 25 | 34 | 34
EC(mmho/cm) .. 0.15/0.13 | 0.15 Clay % 0.002—0 mm 14 28 26
Ca00s % LS = Texture class CL CL L
Cas0 (%) Dispersed clay %
C W 113! o817l o Flocculation Index
N (%) 0.13 Texture USDA:
C/N 8 Sand % 2.0 ~ 1.0mm
CEC (me/100g), pH 8.2(34.0 [25.0 |24.0 w10 - 0.50mm
CEC . . pHT.0 1 0.50-0.25mm
Exch.Ca (me/1008) 15,6 3.6 [13.6 n_+ 0.26~0.10mm
n Mg - 6.4 1 6.4 17,0 s 90— 0.00mm
. Sl 5.3 [1.7 ]| 1.8 Total sand %
e i Sl 0.6 | 0.3 ] 0.6 Silt %
Sum of cations 27.9 [22.0 [23.0 Clay %
Base sat. %, pH 8.2 82 88 95 Texture class
e % pHT.0 Bulk density
ESP at pH 8.2 2 2 Molsture % w/v at:
Saturation extract: pF Q
s oF 20
PH-paste pF 2.3
ECe (mmho/cm) o
Na(me/I) pF 3.0
- R pF 3.7
s 3 pF 4.2
A _mmm T Laboratory no. 81/ 4355
Sum of cations(me/!) PH-H,0 (12. 5v/v) 7.0 Available | Total
s L Exch. acidity (me/ 100g) Na(me/100g) | 5. 14
WOQ b C% n.d. K .0
i N% ca i 7.9
o, .
Sum of anions(me/) 1] £ - JEC *.2
Ma . n.8
Ad). SAR
P (ppm) 33
Clay mineralogy: S
$10,/A1204(mol/mol)
8I0z/R05 .
Fey03(mmoi%)
X—ray report:
Kaolinite, illite
layer and palygorskite, i
[
W
L

Kenya Soll Survey
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E DESCRIPTION NO. 23
ral site information

ng unit : RVA . I
classification chromic CAMBISOL, stony phase
ation no./date 41-10; 5/3/81

on/altitude Marsabit District; 36°58'E, 2035'N; 1060 m _f J
p-climatic zone 1 Vv | [ ‘
material

P

-

Basalts and ashes

-

Footridge, crest R
Gently undulating (crest) to steep slopes i )
(valley side) \
1 5%

: Woodland with Acacia etbaica and nilotica as
the dominant species. Dwarf shrubs and pt!
perennial grasses form the understory 'i

t Seasonal grazing
; : Moderate splash and rillwash
‘ace stoniness : Very to exceedingly stony and/or bouldery
e crusting . : Strong crust
e class : Well drained

le description

0-15 cm Reddish brown (5 YR 4/5 dry), dark reddish brown (5 YR 3/4 moist);
slightly stony clay loam; moderate, fine to coarse, subangular 5
blocky; slightly hard when dry, very friable when moist, slightly
sticky and plastic when wet; many fine, common medium, few
coarse pores; stones consist of basalt; gradual and smooth
transition to:

(sample no. 41-10/1)

15-50/90 cm Yellowish red (5 YR 4/6 dry), dark reddish brown (5 ¥R 3/4 moist);
i 5 very bouldery clay loam to loam; moderate, medium to coarse,
s subangular blocky; slightly hard when dry, very friable when N
i moist; slightly sticky and plastic when wet; very few, trfain. clay
). cutans; many fine, many medium pores; boulders consist o
basalt; irregular transition to:

- = (sample nos. 41-10/I1 from 40-50 cm and 41-10/III

from 70-80 cm)

50/90%cm Mainly basalt boulders, rounded and slightly weathered on the
outside

r S REMARK : Roots are abundant throughout the profile
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LABORATORY DATA OF PROFILE DESCRIPTION No: 2«

FIELD OBSERVATION Ne: 41-9 MAPPING UNIT:* RVA TION:haplic PHAEOZ _petric phase
Laboratory 0o. ... /g, ““[ Depth (cm) 0-20 ==
Horizon Gravel %

Depth (cm) e | pretrestment ; Loy
PH-H,0(1:2_9/V) |, Sand % 2.0 ~0.05 mm | 4,
pH-KCI " 5.4 Slt% 0.08-0.002mm | 26
EC(mmho/cm) .. 0.25 Clay % 0.002-0 mm 30
CaC03 (%) 2 Texture class cL
Cas0,(%) Dispersed clay %
C (%) 2.34 Flocculation Index
N (%) Texturs USDA:
C/N Sand % 2.0 — 1.0mm
CEC (me/100g), pH 8.2| 39 o v v 1.0 — 0.50mm
CEC .. .. pHT.0 w1 050~ 0.25mm
Exch.Ca (me/100g) 19.5 # s 0.25-0.10mm
« Mg " 11.3 v v 0,10 = 0.05mm
o 0.9 Totai sand %
w Na . 0.6 Sill %
Sum of cations 32.3 Clay %
Base sat. %, pHB.2 |, i Texture class
wooon % pMT.0 iy Bulk density
ESP at pH 8.2 2 ' Moisture % w/v at:
Satwration extract: PFO
Molsture % pF 2.0
PH-paste pF 2.3
Na(me/1) pF 3.0
‘ L
5 pF 3.7
K i pF 4.2
= Imiilzlullli;ws: Laboratory no. g; /4354
%w‘:'wll PH=H,0 (13, 5v/v) g4 Available | Total
~ Exch. acidity (me/ 100g) Na (me/100g) 0.3 B
- % c% 1.95 K 0.2
rE N% 0.31 14.3
b .. (ppm) =
e e — —
Ad]. SAR e .
-] ) 216
Clay mineraiogy: Warlous: =

| $103/A!Z05(mol/mor)

$i0p/Rg05 s

Fey04(mmol%)

X—ray report:

Remarks:

e

Kenya Soll Survey



DESCRIPTION NO. 24

2 info ion
| unit
L fication
no./date
/altitude
atic zone

209

: RVA

: haplic PHAEOZEM, stony and petric phase

: 41-9; 5/3/81

: Marsabit District; 36°56'E, 2°37'N; 1350 m

1 vV

: Basalts

: Footridge

: The crest is undulating with very steep slopes
to the valley side

: 10%

: Woodland with Acacia drepanolobium as dominant
species. Dwarf shrubs and perennial grasses
form the understory.

t Grazing

: 8light sheetwash

: Exceedingly stony (basalts)

: Nil

: Well drained

Dark brown (7.5 YR 3/2 dry and moist); stony and gravelly, clay

loam; strong, fine to medium, granular and subangular blocky;

slightly hard when dry, very friable when moist, sticky and

plastic when wet; very few, medium and coarse pores; gravel and

stones consist of basalt, gradual and irregular transition to:
(sample no. 41-9/1)

As above, but very stony and bouldery; gradual and jrreqgular
transition to:

Partly weathered, grey basalt

st
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LABORATORY DATA OF PROFILE DESCRIPTION No: ;5

1

}

’ FIELD OBSERVATION No:  54-11
L) ——

MAPPING UNIT: FUI YERMOSOL,s0d
Laboratory no. ... /82 4350 4351 | 4352 4353 | 4354 |aass Depth (cm) 15-45159-80 B0-110{110-130l130-150
| Horizon A |ew |Btt |82 |Bcr  |sc2 Grever
| = I Texiure, limited
| Depth (em) p-15 hs- =80 190-1104110-130] | pretreatment; T
| [ PH-Ha0(13. 5v/v) 8.2 lvao | el 28 Ty e Sand % 2.0-005mm | 86 | 80 | 78 68 68 70
| ‘ pH-KCI i 7.0(5.8 5.5 6.0 6.4 6.4 Silt % 0.05-0.002mm 6 8 6 12 14 16
i '! EC(mmho/cm) .. 0.100.05) 0.18] 0.60 | 1.30 | 1.50 Clay % 0.002-0 mm 8 Lz 1 .1e 20 18 14
| cacoz) - - - - = > Texture class Ls | st | st r/sc| sL SL
[ CaS0,,(%) Dispersed clay %
‘ ) 0.09 0.0¢] 0.06 | 0.04 [ 0.06 [ 0.06 || Fioccutation index
' N (%) Texture USDA:
A 7 _ Sand % 2.0 — 1.0mm
CEC (me/100g). PH8.2| 4.7|5.3 7.1 [10.3 [i3.8  |13.0 4 1.0 = 0.50mm
CEC . . pHT.0 ' | 1 ek v 0.50~0.25mm
Exch.Ca (me/ 100g) 4.6[/6.2 [ 4.6 | 6.5 [4.2 4.2 w w 0.26~0.10mm
« Mg . 2,713,3 |3.7 | 4.5 | 2.2 1.8 o 0.10 - 0,05mm
v K w 0.6/0.8 Jo.9 |11 [1.0 0.8 Total sand %
GER.., | i optioce oy Iiaig “tas |1, Sivs
Sum of cations 80,5 {99 |iaa | 7.9 7.6 Clay %
Sevosmmmar "Jy00 | 100 100 Jico | s 58 Texturs class
"ot % pHT.0 Bulk density 1.58{1.,73 |1.64
""’”" I (A VR T 3 MISBRN/Y 8 .12 30-35 65-70
mm : PF O 23.6 1841216
sz b 2.0 [ 23.0 || pF20 8.8 | 9.3 [10.5
PH-pasie 7.4 7.2 || #F23 7.9 | 8.8 9.7
“m 7.0 | 10,0 || pF27
Nagme/1) pF 3.0
N pF 3.7 d ] 7.4 9.2
Ca .. pF 4.2 4.7 7.4 ]8.5
" ";‘“‘E aspecis:
= : : | (0-20¢m) Laboratory 0. 52/ 4394
Sum of cations(me/1) PH-H,0 (1: , ¥/v) y. Available | Total
0y (me/1) Exch. acidity (me/ 100g) Na(me/100g) | o
¢l % 0.2 K 0.5
= N% 0.03 Cx 2.6
| o 5 L P—Oisen(ppm) 10 Mg . 2.7
'I Sum of anions(me/l) Mn
| | Adj. SAR 0.4
! P (ppm) -
Clay minecalogy: Various:
[ 51957A1,04 mol/maiy
|| 31027805 ..
|| Fe;05(mmoin)
[ X-ray 9ot setween 15 and 80cm, tilite, kaolinite and a
| nixed layer mineral where detected in abour
[ equal quantities ™
Kenya Soll Survey
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RIPTION NO.25

information

~ 47-90 cm

211

: FUl

+ luvic YERMOSOL, sodic phase

: 54-11; 10/3/82

: Marsabit District; 37°16', 2%9'N; 600 m

: VII

: Sediments derived from undifferentiated Basement

System rocks

Footslope

Almost flat to very gently sloping

: Bushed dwarf shrubland with grasses as understory
fIndigofera spinosa, Acacla tortillis, Salvadora
persica, Aristida mutabilis and pactylanium)

.-

Grazing, moderately heavy
strong splash and rillwash, slight gully erosion

1 Nil
wWeak, soft sealing, thin, extensive algae crusts

Well drained

-

.-

Light brown (7.5 YR 6/4 dry), yellowish red (5 YR 4/6 moist); loamy sand;
strong, fine to medium, subangular blocky; soft when dry, very friable
when moist, non-sticky and non-plastic when wet; common fine and medium,
few coarse pores; very few, small, dark minerals; gradual and smooth
transition to:

(sample no. 54-11/2)

strong brown (7.5 YR 5/6 dry) , reddish brown (5 YR 4/4 moist); sandy
loam; weak, fine to medium subangular blocky; slightly hard when dry;
very friable when moist, slightly sticky and non-plastic when wet;
common fine and medium, few coarse pores; very few, small, dark
minerals; clear and smooth transition to:

(sample no. 54-11/3)
Yellowish red (5 YR 4/6 dry). reddish brown (5 YR 4/4 moist); sandy loam;
porous massive, strongly coherent, breaking into weak, fine to medium,
angular blocky; hard to very hard when dry, friable when moist; sticky
and plastic when wet; thin, broken, clay cutans in 1 to 3 em wide bands;
common fine and medium, few coarse poresi very few, very small, iron/
manganese concretions (in bands); very few, small, dark minerals;
gradual and smooth transition to:

(sample no. 54-11/4)
Yellowish red (5 YR 5/8 dry and 5 YR 4/6 moist): sandy clay loam to
sandy loam; weak, fine to medium, subangular blocky; slightly hard Y:nn
dry, friable when moist, sticky and plastic when wet; thin patchy ¢ 1{
cutans; common fine and medium, few coarse pores; very few, Very small,
iron/manganese concretions; clear and smooth transition to:

(sample no. 54-11/5)

: fine

Yellowish red (5 YR 5/6 dry and 5 YR 4/6 moist); sandy loam: weak,
to medium subangular blocky; soft when dry; friable when ?Oilt;e:tiﬂkY
and plastic when wet; common fine and medium pores; very e:éion {0:
small, iron/manganese concretions: gradual and smooth trans

(sample no. 54-11/6)
Reddish yellow (7.5 YR 7/6 dry)and yellowish red é: z:eg/grﬁoig:l;h::ndy
loam; weak, fine to medium, subangular blg::y;igz s medium'porell

wh moist, sticky and lastic when wet;
frzguuntf la:go, ze:y hﬁra, reddish brown (5 YR 4/4 moist) nodules
(clay and iron concentrations) .
(sample no. 54-11/7)
The soil is

of more than 120 cm.

depth
Roots are present to a dep from 50 cm downwards.

slightly to moderately sodic
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| I
I
! LABORATORY DATA OF PROFILE DESCRIPTION No: 26
F
[ se;oomsemvamionws: 66-8  wappma uwiT:  FUA SOIL CLASSIFICATION: _cambic ARENOSOL
e Laborstory mo. ... /50| 12410] 12411) 12412 12413 Depth (cm) 0-10 |10-25 |25-150f 50-20(
e = m = i A8 |ew BC Gravel %
[k [ Owthom 0-10 [10~25] 25-150] 156~ Texturs, fimited
i _PH-Ho0(12. 5w/ 8.3]8.1] 6.9 6.7 Sand %2.0-0.06 mm | 84 | B4 82 | 70
" 7.4 | 6.8 1 5.3 |52 Silt % 0.05-0.002mm 10 6 8 10
“ o0.10f 0.0l 0.09] 0.25 Clay % 0.002—0 mm 6 | 10 10 14
i Tp e Texture class LS LS L_S LS
| Dispersed clay %
0.28 0.17 o0.11] 0.08 Flocculation Index
[~ 0.03( Texture USDA:
s 5.6 Sand % 2.0 — 1.0mm
| CEC (me/1005), 8.2 5.7 | 6.6] s.0 [10.7 v 1.0 = 0.50mm
o - . 70| 3.6] 5.8 6.2 |o.2 w o 0.50~0.25mm
| Exencagmerrong [6 3/ T e w1 0.26-0.10mm
! - = [ v Mg o 1 1.3/ 1.4 i 1.%.: o e 0.10=0.05mm ]
-:c;.--- i ._'."-f-h R - ST : -unz Total sand % 82 82 81 76
i i - o L) e 0] e P\ e XY Sit% ity 4 11
' -.“ Clay % oo T 9 15 13
y h""'"" 100 ] 100100 | 100 Texture class ts |usssu| se sL
T s e o 73] et aoe | dio Bulk densit
| ®Peamz T T a T a Moloturs % w/v an ]
o et o0
; l % 16
pF 23
[t 5
pr 20
a7
»aa
[ Ferlllly aspecia: ]
| (0 2Gm) Leboratory m0.  50/12424
PH-H,0 (1:2.5v/v) 7.9 Avallable | Tolal
Exch. acidity (me/ 100g) Na(me/100g) | .
c% 0.39 K 0.6
N 0.05 ca .. 4.5
P—Otsen (ppm) Mg 2
- Mn 0.3 =
: P (pom) 26
Various:

of smect :
[ as clay Mﬁ,‘:‘h."u“ Are present
il _ Remarks: 1) Data from survey (top) and special analysis
s (bottem)

Kenya Soll Survey
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RIPTION NO. 26
nformation

: FUA

:+ cambic ARENOSOL

: 66-8; 20/10/80

: Marsabit District; 37°18'E, 1%45'N; 900 m

I

: Sediments derived from undifferentiated Basement System
rocks ¥

: Footslope

: Undulating

6%

: Moderate gully

None to fairly rocky

18
-
f
2
S
m
"
o
=
-
3
@
m

: Moderately strong sealing
: Somewhat excessively drained

Brown (7.5 YR 5/4 dry), dark brown (7.5 YR 3/4 moist); loamy sand;

massive, weakly coherent, breaking into very weak, fine to medium,

subangular blocky; soft when dry, very friable when moist, non-sticky

and non-plastic when wet; few fine pores; clear and smooth transition to:
(sample no. 66-8/1)

Yellowish red (5 YR 5/6 dry), reddish brown (5 YR 4/4 moist); loamy sand;
porous massive, weakly coherent; slightly hard when dry, very friable
when moist, slightly sticky and slightly plastic when wet; few fine
pores; gradual and smooth transition to: A

(sample no. 66-8/2)

Yellowish red (5 YR 5/6 dry), red (2.5 YR 4/6 moist); loamy sand; b
porous massive, moderitelyycoherent; slightly hard when dry, vegy friable
when moist, slightly sticky and slightly plastic when wet; few fine,
few medium pores; diffuse and smooth transition to:

(sample no. 66=8/3)

> loamy sand;
Reddish yellow (7.5 YR 6/6 dry), red (2.5 YR 4/6 moist);
poroui mgssive,(breaking into weak, medium to coarse, subangular biooky;
hard when dry, very friablewhen moist, slightly sticky and slightly
plastic when wet
(sample no. 66-8/4)




214

LABORATORY DATA OF PROFILE DESCRIPTION No: 27

FIELDOBSERVATIONNo: _67-15  MAPPING UNIT: _ FUA SOIL CLASSIFICATION: 1uvic YERMOSOL, saline phase
T ot +, shaas 12417 Depth (cm) 0-25 |25-65| 65-121 1254?0:
Horizon 2 86 Gravel %
Depth (cm) -25 [25-65]65-125|125-170 Toxtwe, imiiod
|PHH0M ) |69 | 73 | 74 [ 78 Sand%20-005mm |78 | 78 | 72 | 722 —
PH-KCI " R A s o PR Silt % 0.05-0.002mm | & 12 8 12
wﬁ " 0,08 0_.3‘ 1.05 1.25 Clay % 0.002—0 mm 14 10 20 10
| Coc0st) - 0.07 | 0.09 Texture class SL sL_pL/scL| s
Ca80,,(%) 5.107Y 5.1074 Dispersed clay %
C ™ 0.03 [0.03 | 0.11 | 0.06 Flocculation index
N (%) Texture USDA:
om_ Sand % 2.0 ~ 1.0mm
_CEC (me/1000), pH8.2|7 2 | ;.5 |15.5 | 7.0 ++ 1.0 — 0.50mm
CEC v = W700,5 170 |10.0 [1a.8 © v 0.50-0.25mm
Exeh P 4.9/ [4. i .6,
Exch.Ca (me/100g) 1)|* o = v 1i 0,25 ~0.10mm
g R R L . P 1
B e it 1 e + 0.10—0.05mm
Kt 1)[%3 2]2% 5 1-30.5(975.5 Total sand %
- - 78| 76 | 73 82
i = 1l ol SHt % 13k 9 | 26 12
Sum of cations Clay % 9| 15 | 11 7
e e 100 {100 | s07 | 100 Texture class st} sp |st lis
v MPHTO | j00)100 | 97 91 Bulk density T T PR TR T
'ESP at pH 8.2
— ATE XL ) 9 Moisture % w/yAlih  2-7 10-15 48-53 75-80 cm
Saturation extract: oF 0
. . 29.9| 34.3| 35.4 | 36.4
o 23.5 | 28.0 pF 2.0 18.9| 21.3| 20.8 | 23.3
.....L' e (28 pF 2.3 ¥R 8 4 B 3 g8 Bt
'ECe (mmho/cm)
— Y pF 27 9.6] 9.5 8.5]12.7
Na(me/1) pF 3.0
B pF 3.7
e pF 4.2
Mo [ Ferilliiy aspecta: ==
S T __Mr__]_".’ Laboratory no. go 12425 |
of cations(me/1) PH-H,0 (15 sv/v) 7.6 Available | Total
P —_—
| COytmart} Exch. acidity (me/ 100g) Na(me/100g) | o ;
S C% 0.06 K 0.7
OF - Sig - = -
%, N% 0.04 Ca .. 5.4
"
P—Otsen( )
Sum of anions(me/1) s o el z
e M . 0.4
Adj, SAR
: P (ppm) 37 R
W’ e ———
Fo20;(mmolx) — ]
X-ray report: i
,— Remarks: 1) _Data from survey (top) and special analysis |
[ {bot tom)
]
Kenya Soll Survey
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1 classification
vation no./date
ation/altitude
limatic zone
.ography

Wi use
Erosion

il R stoniness
' Surface sealing
~ Drainage class

e ile description
0-25 cm

25-65 cm

65-125 om

125-170"om

REMARKS :
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: FUA

luvic YERMOSOL, saline phase

67-15; 18/10/8B0

Marsabit District; 37°32'E, 1°49'N; 550 m -

13- VII

Footslope

: Almost flat

1 2%

pwarf shrubland with annual grassland and bushes
aﬁd Commiphora

.

(Indigofera spinosa, Aristida spp.
spp)

Heavy, seasonal grazing 0
Severe splash and rillwash erosion and slight
deflation

: Non-stony

Moderate, soft gealing

Well drained

.-

(2.5 ¥R 3/4 moist); sandy
fine to medium ;b
very friable when moist,
fine pores; very few,
and

prown (7.5 YR 4/5 dry), dark reddish brown
loam; porous massive, breaking into weak,
subangular blocky; slightly hard when dry,
non-sticky and non-plastic when wet; many
small soft CaCO concretions; very few, small micas; gradual
smooth transitifn to:
(sample no. 67-15/1)
yellowish red (5 YR 5/8 dry) . dark red (2.5 YR 3/6 moist); sandy
loam; porous massive, breaking into fine to medium subangular
blocky; hard when dry, friable when moist, slightly sticky and non=
plastic when wet; many fine poresi very few, small, soft CaCO,
concretions; very few, small, micas; gradual and smooth

transition to:

(sample no. 67-15/2)

{5 YR 5/8 dry)., red (2.5 YR 4/6 moist); sandy loam to
sandy clay loam; porous massive, breaking into very weak, coarse,
subangular blocky; hard when dry. friable when moist, slightly
sticky and plastic when wet; many fine pores; thin, patchy,
cutans; very few, small, soft, caco, concretions; very few,
micas; gradual and smooth transitiofi to:

(sample no. 67-15/3)

vellowish red

Reddish yellow (7.5 YR 7/6 YR 5/8 moist);
sandy 1o§m: massive, strongly coherent; dry; friable when
moist, slightly sticky and slightly plastic when wet; common, fine
pores; very frequent, large. dark red (2.5 YR 3/6 moist) ., extremely
hard when dry. extremely firm when moist, iron/manganese ;
concretions; very few, small, micas

(sample no. 67=15/4)

s the soil is slightly saline
ho/cm between 125 and 170 cm.

dry) . yellowish red (5
hard when

with a maximum

The majority of
Below
present up to 1 m depthe”

From 65 cm downward

ECe value of 9.5 mm
, are non-saline within 100 cm depth.
Roots are

the soils however
125cm the soil is slightly sodic.




OIL CLASSIFICATION: Calcic YERMOSOL, stony, sodic and lithic
phase

- R o
g - 39

oy
S
S

Laboratory no. /

Available | Total

:\.7. Na(me/100g) 1.0

4 - Ct K . 0.6

. N% 0.04 Ch .. 38.0

,-,i 5 . et . P—Otsen (ppm) 6 Mg . 3.1
I g et - <
j e gls 7 P (ppm) 32
[d - m \:
_'!-;'-;'

L -_-.._-.:0‘ 2, ? 3 ~

L ‘

= "

Kenya Soil Survey
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t FVI1P

: calcic YERMOSOL, stony, sodic and lithic phase
: 41-18; 8/6/82 '
: Marsabit District; 36°58'E, 3°58'N; 570 m

: VII

: Basalts, mixed with pyroclastic material

: Footslope

: Very gently undulating

: 2%

: Bushed annual grassland

: Occasionally seasonal grazing

: Nil
ckiness/stoniness : Fairly rocky, stony and exceedingly gravelly
ling : Nil

: Somewhat excessively drained

Brown (7.5 YR 5/4 dry), reddish brown (5 YR 4/4 moist); stony and
very gravelly, clay loam; moderate, fine to medium, subangular
blocky; soft when dry, very friable when moist, slightly sticky and
slightly plastic when wet; many fine and medium pores; strongly
calcareous; frequent, small and medium, hard CaCOj concretions;
stones consist of basalt, gravel of basalt or CaC03; gradual and
smooth transition to:

(sample no. 41-18/2)

Essentially the same as above but extremely stony and gravelly:
gradual and smooth transition to:

More than 90% basalt stones, covered with carbonates
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| ' LABORATORY DATA OF PROFILE DESCRIPTION No: 29
| M‘w“ 41-26 MAPPING UNIT: FV2p SOIL CLASSIFICATION: haplic YERMOSOL, boulder-mantle® and sodic
Laboratory no. ... 82| 7145 | 7146] 7147 Depth (cm) 0-20 |20-50| 50-70 Phase
Horizon A | e | Be2 Gravel %
\ ‘ Depth (cm) -20_|20-50 |50-70 arsirastaent’
| _ Wﬂadrm | 8.6 | 8.4 | 8.2 Sand % 2.0 —0.05 mm 26 | 30 24
| pH-kCI ., o L NN O Siit% 0.05-0.002mm | 5 | 29 24
it it | | Ecmmrorem) .. [ o.55] 0.37] 1.7 Clay % 0.002-0 mm 4 | s0 | s2
m'ﬂ Texture class c c c
m‘ﬁl & Dispersed clay %
c % 0.261 0.18] 0.21 Flocculation index
N %) Texture USDA:
| e $and % 2.0 — 1.0mm
| CEC (me/100g). pH 82| .. o 51010 =~ 0.50mm
| cE . . pH7O s o 0.50-0.25mm
| Exencamertong [, , 4.0 |33.0 v 0.25-0.10mm
- R, 61024 |57 ReALIY 0.00mm
TR h % FR Total sand %
S s 1.4]0.8 |3.3 e
| Sumof cations 4.1 0.3 Ja37 Clay %
| Beesmx 82 oo ligo 100 Texture class
S e S 3 Bulk density SR
 ESParpHs2 ‘ i Moisture % w/v at:
. Woisture % 55.8 pF 2.0 —
Wiy Sy 7.8 pF 2.3
) 4.0 oF 2.7 — ]
| Napmerty pF 3.0 -
KT - pF 3.7 B
o PF 4.2  M—
. mﬂ e Laboratory no. 82 / 7116 |
udWa PH-H,0 (1:2.5v/v) =4 Availae | Total
%ﬂ:‘l _ Exch, acidity (me/ 100g) Name/100) | 0.8 | |
3 C% 0.2 K X 0.4 e
B35, N% 0.04 ca . 29.0 ]
_z‘:" — P—Oisen (ppm) 3 Mg . 8.4 |
nions(me/1) Mn )
Ad|. SAR P (ppm) 146 )
Clay minersiogy: Various -
$I0/Re0y . .
Fa0 (mmalx) ]
| X—ray repont: =1}
l i)
| . =
[ -
l P
]

Kenya Soll Survey
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£ DESCRITPION NO.29

al site information

pping unit : FV2p
1 classification : haplic YERMOSOL, boulder-mantle* and sodic phase

vation no./date : 41-26; 15/6/82
ation/altitude . Marsabit District; 36°47'E, 2°40'N; 600 m

climatic zone 1 VII .
material : Basalts, mixed with ashes o

siogranhy : Footslope
B! : Gently undulating
at site : 5%
etation : Annual grassland and with few dwarf shrubs
d use : Occasionally seasonal grazing 3
: 1 Nil b i
~ surface rockiness/stoniness : Very rocky and extremely bouldery .
surface sealing : Nil -
nage class : Well drained

file description

Dark brown (7.5 YR 3/4 dry), dark reddish brown (5 YR 3/4 moist);
extremely stony clay; moderate, fine to medium, subangular
blocky; soft when dry, very friable when moist, sticky and
plastic when wet; common, fine to medium pores; strongly |
calcareous; clear and smooth transition to: X 18!
{sample no. 41-26/2) : Ik

dark reddish brown (5 ¥R 3/4 moist): i
extremely stony clayi moderate, fine to medium, subangular - B
blocky; soft when dry, very friable when moist, sticky and plastic :I !

when wet; common, fine to medium pores; strongly calcareous; : i 1M

clear and smooth transition toj 4
(sample no. 41-26/3) 5 1&i |

0-20 cm

20-50 cm park brown (7.5 YR 3/4 dry) .

except for structure and k|

consistence when dryj massive, strongly coherent, breaking into 5

weak, coarse, angular blocky: very hard when dry 3 &
(sample no. 41-26/4) . ;

50-70"cm Essentially the same as above




220

LABORATORY DATA OF PROFILE DESCRIPTION No: 30

unIT: SOIL CLASSIFICATION: hase
- T o ) e
| Bw Gravel % n.d.] n.d
' i . _ﬂ-—'ﬂ_ i
E T Sand % 2.0 - 0.05 a8 ]
: Sitt% o.0s-0.00mm | |
0. Clay % 0.002-0mm | 15 | 38 ]
Texiure class s. | co ]
| _“asO, %) - Dispersed ciay % ]
fTom. 0.64) 0.4 Flocculation index =
N ' Textwe USDA:
fom b ek _ Sand % 2.0 ~ 1.0mm
S 13in 1.0 ~ 0.50mm
) v 0,50~ 0.25mm
38.0 o 0.25~0.10mm
4.4 i+ e 0,10 = 0.08mm
2.8 Total sand %
o8 Sil %
45.8 Clay %
100 Texture class |
it %pHTO Bulk density
ESP at pH 8.2 6 |2 Moisture % w/v at:
Saturation exiract; oF 0 1 ]
Moisture % ; oF 2.0 |
it & oF 23 i
ECe (mmho/cm) pF 2.7
Na(me/1) : pF 3.0
X S PF 3.7
% BF 4.2 | |
o Ml W{tga-;: Lsboratory m0. g2 / 718
Sum of cations(me/1) PH=H,0 (1: 2, v/ v) 8.7 Availabie | Totai
€O (me/1) [ Exch. acidity (me/ 100g) Na(me/100g) |
m H C% 0.5 K " 1.0
_G_I_ . N% 0.11 Ca . 34.0
0 W p— 10 3 o .8
Sum of anions(me/t) = 7, .
Ad|. SAR P (ppm) 74
Clay mineralogy: Various
50 A P
F820(mmol%)
X~ray report:
&=
[
L
l Kenya Soll Survey
1]
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: FV3p

haplic XEROSOL, stony and petric phase

42-20; 9/6/82

Marsabit District; 37°1'E, 2°48'N; B10 m

1 VI

: Basalts, mixed with pyroclastic material
Footslope

Gently undulating

1 3%

Deciduous shrubland with dwarf shrubs and annual
grasses as understory. Main species are: Acacia
mellifora, A. reficiens, Duosperma eremophilum and

Aristida spp.
1 Seasonal grazing
: Slight splash and rillwash erosion
: Very stony
: Slight crusting
: Well drained

park reddish grey (5 YR 4/2 dry), dark reddish brown (5 YR 3/2 moist):
very stony sandy loam; moderate, fine, angular blocky to subangular
blocky; hard when dry, friable when moist, sticky and plastic when wet;

‘many, fine and medium pores; strongly calcareous; very few, medium

CaCO0., concretions; stones consist of basalt; clear and smooth
tranaition to:
(sample no. 42-20/2)

park reddish brown (5 YR 3/2 dry and moist); very stony clay loam;
strong, fine, angular blocky; hard when dry, friable when moist;
sticky and plastic when wet; thin, patchy, clay cutans; many, fine and
medium pores; strongly calcareous; stones consist of basalt: gradual
and smooth transition to:

(sample no. 42-20/3)

More than 90% basalt stones, covered with about 2 mm of c-cos

)
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| LABORATORY DATA OF PROFILE DESCRIPTION No: 1.

| FIELDOBSERVATIONNe: 42-24 __ MAPPING UNIT:  svc SOIL CLASSIFICATION: orthic SOLONCHAK, stone-mantle® and sodic
Lm,n...::l 7162 | 1163 1164 Depth (cm) 0-18/18-55|55-80 phase
Horlzon A | Bwk| Buz Gravel %
Depth (cm) 0-18 [18-55 | .._l;l"h._ —
PH-H,O(15, v/v) 9.2/9.6 | 8.9 Sand % 2.0-0.05mm | sp | 42 40
PH-KCI " 8.2/8.4 | 7.6 Silt% 0.08-0002mm | 15 | 20 | 26
EC(mmho/cm) .. 0.08 0.50 Clay % 0.002—0 mm 34 34
CaCOg (%) o dee Texture class scL [cL | cn
Caso, (%) . Dispersed clay %
cm™ piisel o ke o Flocculation Index
N (% Texture USDA:
| em Sand % 2.0 — 1.0mm
CEC (me/100g), pH 8.2| 33.3 | 28.5 | 27.3 “ 4 1.0 = 0.50mm
CEC .. . pH7O i o 0.50-0.25mm
Exch.Ca me/1099) | 34.0 [ 33.0 | 40.0 » v 0.25~0.10mm
o Mg 2.7] 4.7] 5.0 »_ 0.10-0.05mm
%, e 2.2 1.6] 1.8 Total sand %
w N wind sy s Silt %
Sum of cations 44.8 [49.0 | 57.2 Clay %
Basosat. %, pH8.2 | 100 | 100/ 100 Texture class
now % pHT.0 Bulk density
ESP at pH 8.2 18 | 3¢ | 35 Moisture % w/v at:
Saturation extract: pF 0
Molsture % 45.4 pF 2.0
| _PH-paste 7.2 PF 2.3
ECo pmano/om 17,5 oF 2.7
Na(me/|) pF 3.0
ek pF 3.7
Ca .. pF 4.2
o £ Wﬂ:zm Laboratory no. 82 ; 7122
Sum of cations(me/I) PH-H,O (1:2. 5v/v) 8.8 Avallable | Total
| ) Exch. acidity (me/ 100g) Na(me/100g) | 4.,
HCO3 C% a.08 K 0.2
= N% 0.03 Ca .. 35.0
s B P-Otsen(ppm) 3 Mg . 3.6
Sum of anions(me/l) Mn . tr.
- P (ppm) 36
Clay mineralogy: Various
A /mol)
8i02/Rg05 .,
Fe503(mmol%)
X—ray report:
A Remarks:
Kenya Soll Survey
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it t FVC

: orthic SOLONCHAK, stone-mantle* and sodic phase
: 42-24; 10/6/82

. Marsabit District; 37°12'E, 3%47'N; 530 m

1 VII
ate : pPasalts, mixed with ashes
: Footslope
o 1+ Gently undulating
g ‘
: Shrubland with dwarf shrubs and annual grasses as [
. understory :
— : Occasionally seasonal grazing
+ Nil
: Exceedingly stony
: Slight

: Well drained

e park brown (7.5 YR 4/4 dry), dark reddish brown (5 ¥R 3/4 moist);
very stony sandy clay loam; strong, fine, subangular blocky;

- slightly hard when dry, friable when moist, slightly sticky and

k- plastic when wet; many, fine to medium pores; strongly calcareous:

. stones consist of basalt; clear and smooth transition to: .

BT (sample no. 42-24/2) 4

- 18-55 cm park reddish brown (5 YR 3/4 dry and 5 YR 3/3 moist); fine gravelly
s clay loam; weak, fine to medium, angular blocky: slightly hard when

A dry, friable when moist, sticky and plastic when wet; many fine pores; 2

s
1 strongly calcareous; gravel consist of lava parts; clear and

o smooth transition to:

i (sample no. 42-24/3)

~ 55-100"cm Colour and texture as above; porous massive, moderately coherent;
- hard when moist, sticky and plastic when wet: thin, broken clay .
i - cutans; many fine pores; strongly calecareousj few, small pockets ©
. salt crystals

. (sample no. 42-24/4)

Prom 55 cm the soil is
y sodic from the top. On top

- REMARKS: Roots present to about 50 cm depth.
lown sand is present

: strongly saline. The soil is strongl
y: of the profile a thin layer of wind b
(coming from the Balesa river).

gl
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LABORATORY DATA OF PROFILE DESCRIPTION No:
- FIELDOBSERVATION No:  41-17 MAPPING UNIT: vvip

. Horizon

Lm‘.._l-..{ 4332 4333

SOIL CLASSIFICATION:

caleie ¥

[owmem ], ]

0-15]15-55

32

OL tony, saline a

d sodic

A

Dopth (cmy

Bk
0-15 fi5-55
v 8.3] 8.5

Gravel %

~Textue. Timited

phase
-

Sand % 2.0 — 0.05 mm

56 46

" 7.1] 7.4

Silt % 0.05—0.002mm

22 | 26

0 0.14

Clay % 0.002~-0 mm

22 28

44 | 444

Texture class

SCL | scL

Dispersed clay %

Flocculation Index

Texture USDA:

Sand % 2.0 —~ 1.0mm

v v 1.0 = 0.50mm

w v 0.50~ 0,25mm

38.6 [49.0

v v 0.25 ~0.10mm

v 0.10 ~ 0.05mm

2.4 3.4

Total sand %

2.3 ] 0.6

Silt %

Clay %

Texture class

Bulk density

Moisture % w/v at:

PF 0

PF 2.0

PF 2.3

PF 2.7

pF 3.0

pF 3.7

PF 4.2

[ Forllliy aspects:
(0-20cm)

L aboratory no. 2 [ 4362

PH-H,0 (12, 5v/v)

Available

Total

Exch, acidity (me/ 100g)

Na(me/100g)

C%

0.23

K

N%

0.08

Ca ..

41.5

P-Otsen(ppm)

Mg ..

5.0

P (ppm)

39

Various:

$102/R204

F6203(mmolx)

X—ray report:

hlmhln. A mixed layer mineral and

prend
tr!m a‘ hﬁlialn and 11
With X-ray analyeis.

L
B
|
[
gL

J

Kenya Soll Survey
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1 YVip

calcic YERMOSOL, stony, saline and sodic phase

41-17; 21/3/81

: Marsabit District; 36°46'E, 2%43'n; 480 m

1 VII

: Colluvium and alluvium derived from basalts and
pyroclastics

1+ Piedmont plain

¢+ Almost flat

1 2%

: Wooded dwarf shrubland with annual grasses as
understory. Acacia tortillis, Indigofera spinosa and
Aristida spp. are the main species

: Seasonal grazing

§light splash and rillwash erosion, slight

deflation; however limited due to the desert pavement

: Very to exceedingly stony

: Nil

Well drained

]

-

park brown (8.75 YR 4/4 moist); very gravelly sandy clay loam; strong,
fine, subangular blocky, very friable when moist, slightly sticky and

slightly plastic when wet; few, fine pores; strongly calcareous; ‘few,
medium CaCO. concretions; gravel consists of basalt; gradual and

smooth trmiition to:
(sample no. 41-17/1)

pinkish grey (7.5 YR 6/2 dry), dark brown (7.5 YR 4/4 moist); very

gravelly sandy clay loam; massive, weakly coherent; soft when dry,

very friable when moist, slightly sticky and slightly plastic when

wat; few, fine pores; strongly calcareous; few to frequent, medium
CaCO. concretions; gravel consists of angular basalt; clear and

-ooih transition to:

(sample no. 41-17/11)

Essentially the same as above but very stony and very gravelly sandy
cl:y loam {nd few CaCO, concretions; clear and smooth transition to:

over 80% hard, medium to large, f.‘.aCt‘)3 concretions

hout the profile. From 70cm downwards, the

Roots are present throug Saly sotos

soil is slightly saline. The topsoil is




R T
42 | 40 36
24 30 16
d4 1 36 | 4a
eL- | en £ A
|| 8419 %2.0 - 1.0mm
BTSN 5.0 - 0.000m
_ v+ 0.50~0.25mm -
0 0.25-0.10mm ]
w1 0.10- 0.05mm
 Total sand %
]| Sit%
Clay %
_ Texture class
Bulk density
| Moisture % w/v at:
PFO 2 :
| o 20 2
_PF23
PF2F ° z
, pF 3.0
il PF 3.7
PF 42
) ﬂ‘ : ! : Laboratory no, 81/ 12281
2o Bl _PH-H,0 (112, 3/) Avallable | Total
. Exch. acidity (me/ 100g) Na(me/1009) | , o
“.I C% ic . K . 0.6
= N% ca .. of
ww Mg .. 7.0
- B 3 e Mn ., tr,
I P (pom) 23
Various:

i

Kenya Soll Survey




) sification
on no./date

84-150"cm
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1. ¥V2
-orthic SOLONCHAK, sodic phase
42-17; 11/11/81
Marsabit District; 37° 5'8, 2° 36'N; 550 m
: VII
Unconsolidated alluvial and colluvial sediments
Piedmont plain
Flat to almost flat
: 0%
t Wooded, perennial grassland to woodland
: Heavy grazing
: Moderate rill and slight deflation
t Nil
: Slightly hard sealing
: Moderately well drained

Brown (7.5 YR 5/3 dry), dark brown (7.5 YR 3/3 moist); loam;

porous massive, slightly layered, weakly coherent, breaking into

weak medium crumb; slightly hard when dry, very friable when moist,

slightly sticky and slightly plastic when wet; many pores of

various sizes; strongly calcareous; clear and smooth transition to:
(sample no. 42-17/1)

Dark brown (7.5 YR 4/3 dry), dark reddish brown (5 YR 3/4 moist);
sandy loam; porous massive, moderately coherent, breaking into
weak, to coarse,angular blocky; hard when dry, very friable when
moist, slightly sticky and slightly plastic when wet; many pores
or various sizes; strongly calcareous; clear and smooth transition
to:

(sample no. 42-17/2)

Reddish brown (5 YR 4/3 dry), dark reddish brown (5 YR 3/3 moist);
clay loam; moderate, coarse, angular blocky; very hard when dry,
friable when moist, slightly sticky and slightly plastic when
wet; thin, broken,cutans or pressure faces; few, fine, few
coarse pores; 2 cm wide cracks; strongly calcareous; abrupt and
smooth transition to:

(sample nos.42- 17/3 and 4 from 32-55 em and

from 55-80 cm respectively)

Light gray (10 YR 7/2 dry and moist); soft lime with a clay textur
and a strong, fine to coarse, granular structure !
(sample no. 42-17/5) !

- bonate

At 7 cm depth a fine gravelly layer (1 2cm) of car

concretions occur. Roots are present to a depth of 70 ﬂl& pIc I
From 55 downwards the soil is strongly saline and strongly

i i g

e Ay W

R

i o e

F——1 = bt
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PROFILE DESCRIPTION No: .,

and petric _
0-20 {20-50 |50-90 phase
44 32 ——
18 |14 24
32 [42 | 44 £idd
SCL| c c
v 0.50~ 0.25mm —_
o o 0.25-0.10mm st
w010 = 0.05mm
Total sand % |
Silt %
Clay %
Texture class ]
Bulk density
Moisture % w/v at:
PF 0
pF 2.0
pF 23
pF 2.7
pF 3.0
PF 3.7
pF 4.2
8 5 |y e Laboratory no. 5 , 7,
T PH=H,0 (1:; cv/v) 9.0 Available | Total
Exch, acidity (me/ 100g) Na (me/100g) =8
_ C% 0.5 K 0.5
3 o E N% 0.06 F 35.0
o P—Ofsen ppm) 5 Mg .. 6.0
| % _ 4 Mn .. tr.
G P (ppm) 34
b mine - Various:
_. . 1l ig
- llnnite, Palygorskite and
"® Occur as well in smaj] amounts, Remarks:
LR
ey U Sy
e .




WESLRIFTION NO.

j unit
sification
on no./date
altitude
atic zone

descriptior

20-50 cm

50-90 cm

information

34
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t+ PvVp

¢ luvic YERMOSOL, stony, sodic and petric phase

: 42-19: 9/6/82

i Marsabit District; 37°2'k, 2° 53'N; 750 m

1 VII

+ Basalts, mixed with pyroclastics (Quaternary
volecanics)

t Volcanic plain

: Almost flat

: 0%

:+ Annual grassland with dwarf shrubs and shrubs.
Some perennial grasses occur as well

t Occasionally seasonal grazing

: Slight splash and rillwash erosion

t Stony and very gravelly

t Slight crust

t Well drained

Dark brown (7.5 YR 4/4 dry), dark reddish brown (5 YR 3/3 moist)
stony and gravelly, sandy clay loam; moderate, fine to
medium, subangular blocky; soft when dry, very friable when
moist, sticky and plastic when wet; many fine and medium
pores; strongly calcareous; stones and gravel consist of basalt;
clear and smooth transition to:

(sample no. 42-19/2)

Dark reddish brown (5 YR 3/4 dry and 5 YR 3/3 moist):
slightly gravelly clay; strong, fine to coarse, subangular
blocky; slightly hard when dry, friable when moist, sticky
and plastic when wet; thin, patchy, clay cutans; very few,
fine pores, strongly calcareous; few, medium, carbonate =
concretions; gravel consists of basalt; gradual and smoo
transition to:
(sample no. 42-19/3)

3/5
Dark brown (7.5 YR 4/4 dry), dark reddish brown (5 YR

moist); slightly gravelly clay; massive, breaking :n::hh
weak, coarse, angular blocky; very hard when dry, fr Z
when moist, sticky and plastic when wet; wvery ‘::wi fine g:too i
slightly calcareous; few to frequent, medium arga;n‘ 3
concretions; gravel consists of lava fragments; clear

smooth transition to:
(sample no. 42-19/4)

lcarecus

The soilshows some cracking and piping, in ll“l-tomut

1 ent from 0 to 30 cm, some go deeper
::.u:fm'r{.p:;:lnu non-saline but strongly sodic from 20 cm
downwards, with ESP values up to 50. 4

Stony and gravelly, weathering tuffs, strongly ca

A i




FIELD OBSERVATION No:
—

LABORATORY DATA OF PROFILE DESCRIPTION No: 15

UNIT: m
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43-16 &mm?nm-ﬁ:rk Aloe phase -
Laboratory no. .../ 84 718307184 7185 | Depth (cm) 0=10 L10-20l 20-40 la0-100
Morizon AE | Btnl| Btn2 | Ben3 Gravel % [ i
Depth (cm) 0-1010-20)20-60 | 60-100 ; —W
AP0z, 180 |s8 2.5 | s | | ' {1"‘“-‘-0-"'" 90 64 66 4
PH-KCI ", £.9 [ 7.6 170 | 3.0 Sit% oos-oommm | | & 4
EC(mmho/cm) .. 0.05 0.06) 1.30 | Clay % 0.002-0 mm 12 i 0 .I
CaC0y (%) || Texture ciass L8 | sci | scu Yoo |
CaS0,, (%) _ Dispersed clay % - '
) 0.26 | 0.06] 0.14 | 0.06 _ Flocculation index
N (%) ~ Texture USDA: i J
o/N _ $and % 2.0 ~ 1.0mm | ’
CEC (me/100g). pH8.2[ 3 5 | 5 4 8.5 | 8. v 1.0 - 0.50mm o 4 |
CEC .. .. pH7.0 i 0,50~ 0.25mm : |
Exch.Ca (me/ 100g) . 9.5 2.5 lis.o - ++ 0.25-0.10mm : |
Mg 22185 }ie 12 A v+ 0.10- 0.06mm |
), S 0.1 Jo.1 |o.2 | o3 |_Totai sand % |
e Yy g li0 10 119 Sihs |
Sum of cations 5.4 0.8 |14.7 |21.2 Clay % I
Bosesm.x.on82 |50 |00 100 | 100 Texture class | =l
“ o % pHT.0 Bulk density
E3P st pH 8.2 s3] 30 ' 1ee g Molsture 5 w/v at: 3 {
Saturation extract: 0o !
Moisture % 30.2 | 29.8 | F20 ___ 1
pH-paste 2.3.4" 733 _PF23 .I
ECe (mmho/cm) 8 iF 27 J
Na (me/ ) F30
K o |
Ca . JLWes . _J
Mg (0~ 2czm) Laboratory no. g3 ;7)1 §
Sum of cations(me/I) Ha0 (12, 9/v) 8.5 Available | Total |
COy (me/1) Exch, acidity (me/ 100g) Na (me/100g) e ‘]
HCOy - [ Vi K 0.5
_:_;_ . B 0.02 Ca 7.8
' " W“ g 9.
Sum of anions(me/1) __—__A*__M : : 0 j
A sAn 2 P (pom) 76 ]
Clay mineralogy: | Various:
_Mfﬂl/ml)
8i03/Ry05 .. | ]
Fe,03(mmol%) I =
X~ray report:
";l'h: ;‘
¥

Kenya Soll Survey
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DESCRIPTION NO. 3

Al

jite information

g unit : PnSA i |

|
sification : orthic SOLONETZ, saline phase LI
tion no./date : 43-16; 5/6/82 ='~
/altitude : Marsabit District; 37°43'E, 2952'N; 530 m
limatic zone t VI y ! I
material : Quartzitic sandstones .‘
aphy : Non- dissected erosional plain L I

% : Almost flat with a gently undulating meso relief N 1

Ft site . 1% (Profile located in slight depression) H
on : Almost bare, with a few grasses 1

: Seasonal grazing !.i

strong splash and rillwash erosiom, with il

deposition in the depressions. peflation : J:

occurs as well

stoniness/rockiness : Nil i
ce sealing : Moderate crust ﬁ
class : Imperfectly drained '

description

0-10 cm vellowish red (5 YR 4/6 dry), dark reddish brown (2.5 YR 3/4 moist) ;
coarse sand; massive, slightly coherent to single grain; soft when ]
dry, loose when moist, non-sticky and non-plastic when wet: few, Wi 4
fine pores; abrupt and smooth with 10 cm long, thin tongues
transition to:
(sample no. 43-16/3)

10-20 cm 2.5 4/6 dry), dark reddish brown (2.5 YR 3/4 moist); coarse
Eggm; sangf médera{é, coarse, columnar with bleached caps; Very Rard 4
when dry, very friable when moist, sticky and slightly plastic when -+ !
wet; clay bridges between sand grains; few, fine pores; abrupt
and smooth transition to:
(sample no. 43-16/4)

20-60 cm park reddish brown (2.4 YR 3/4 dry and moist); sandy clay loam;
strong, medium to coarse, angular blocky: hard when dry,kfrinble .
when moist, sticky and plastic when wet; moderately thigl, W .
continous, clay cutans; few, fine pores; common , saft,i aio, o )
manganese spots on ped faces; clear and smooth transition : Fn e ;
(sample no. 43-16/5) \

o ndy clay loam; massive,
60-100 "cm park red (2.5 YR 3/6 dry and moist): Sancy
coherent; slightly hard when dry., friable when moistétg:i::ymzzgn'
plastic when wet; clay pridges between grainsi few, -
res; strongly calcareous : =
- (sample no. 43-16/6) _
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LABORATORY DATA OF PROFILE DESCRIPTION No: 36

a MAPPING UNIT: TION: cambic ARENOSOL, petrocalcic phase
M"'-_'n 4318|4319 Depth (cm) 0-10 |10- il
 Horlzon & Gravel % .
Depth (cm) 0-10 |10-30 “m et
K001, 9 |53 |82 Sand %2.0-0.05 mm | 54 | 80 ~3
 pH=KCI " 6.9 | 7.3 Silt % 0.05-0.002mm 6] 10 0
EC(mmho/cm) . 0.07] 0,30 Clay % 0.002-0 mm 10 ] 10 =
_CacO3m) * 44 Texture class Ls | Ls/sL e
_Caso, % Dispersed clay %
) : 0.04] 0.03 Flocculation index
Nw Toxturs USDA: -3
_C/N Sand % 2.0 ~ 1.0mm
_CEC (me/1000). pH 82| 4 3 [ ¢ o i 1.0 = 0.50mm
'_im w ow pHT.O 0 0.50=0.25mm

aisconntshssndes. () S P © + 0.25-0.10mm
;T"i " a1 | 2.7 v+ 0.10 - 0,05mm i
SRk Al 1581 1.6 Total sand % -
L TR fioa ki Silt%

Sum of cations 10.8 [16.5 Clay %

bonehorataidectl [ Texture class |
Mt %, pHT.O Bulk density

ESP at pH 8.2 . 3 Moisture % w/v at:

Seturation extract: oF 0

wolsturs % PF 2.0

H-paste pF 2.3

=Ce (mmho/cm) pF 27

‘a (me/1) [ oF 3.0

e oF 3.7

a PF 4.2

.ce {0=20¢m) ; Laboratory no. 82 ,; 4411

im of cations(me/I) PH=H,0 (12, 5v/v) 8.5 Available | Total

Oy (me/1) Exch. acidity (me/ 100g) Na(me/100g) | o 2

o c% 0.13 o, 0.8

24 N% 0.03 i 21.5

; P—Olsen(ppm) 12 Mg .. 4.8

1 of anions(me/|) Mn .. 0.3

Yo P (ppm)

2y mineralogy: Various:

!A'zf_?!(mrmu

/Rp05 ..

3(mmols)

y report

,F Remarks:

Kenya Soil Survey




DESCRIPTION NO. 36

te information

g unit
ification
on no./date
1ltitude
atic zone

description

0-10 cm

10-30/50 cm

30/50% em

233

t PsUK

: cambic ARENOSOL, petrocalcic phase

55-9; '17/3/82

t Marsabit District; 37°32'E, 2028'83 420 m

1 VII

: Sediments derived from Basement System rocks, _
enriched with volcanic ashes g

: Sedimentary plain

Almost flat

0.5% i

: Almost bare to bushed grassland el

: Severe overgrazing A

: Severe splash and rillwash erosion and severe deflation

: Fine gravelly
: Slight gL
: Somewhat excessively drained o *

Reddish yellow (7.5 ¥R 6/6 dry), yellowish red (5 YR 4/6 moist); i
slightly gravelly loamy sand; weak, fine to medium, subangular =3
blocky; soft when dry, very friable when moist, non-sticky and non= : }
plastic when wet; few, fine and medium pores; few, medium hard, CaCO;
concretions; very few, small, dark minerals; clear and smooth
transition to:

(sample no. 55-9/2)

vellowish red (5 YR 5/6 dry), reddish brown (5 ¥R 4/4 moist);

slightly gravelly, loamy sand to sandy loam; porous massive, breaking

into weak, fine to medium subangular blocky; soft when dry, very i

friable when moist, non sticky and non plastic when wet; cméiom:'

and medium pores; strongly calcareous; few, medium l::a(:l.‘:iB cm;crltm

very few, small, dark minerals; smoothand irregular trahsition
(sample no. 55-9/3)

Petrocalcic material, continuous, coherent



LABORATORY DATA OF PROFILE DESCRIPTION No: 37
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54-18 MAPPING UNIT: PsUl SOIL TION: luvie YERMOSOL, sodic phase o

Laborstory mo. ... 82 | 4378 | 4297 4298 14299 |4300 Depth (cm) 0-17 17-45] 45-70 |70-90 uomF__
Hartzon A_Im It fme2 [me | Gravel % =
Depth (om) 17-45 14570 | 70-90 | | oretreetient =
PH-H.0 (132, sv/v) 8.3 |68 | 6.3] 6.3 | 7.4 8and % 2.0-0.05 mm | 75 72 60 58 56 =
PH-KCI " 7.0 [S.9) s.5) 5.2 | 6.6 Silt% 0.05-0.0020m | 10 | 10 8 14 o0
EC(mmho/cm) ., 0.10/ 0.05] o0.30] 0.20 | 1.1 Clay % 0.002—0 mm 14 118 | 30 | 34 30 ey
-cmlm. 4 Texture class SL - TR
Caso, (%) _ Dispersad clay % —
C (%) 0.03] 0.02f 0.09 | 0.07 | 0.06 Flocculation index )
N (%) Texture USDA:

_Cmn 8and % 2.0 ~ 1.0mm

CEC (me/100g), pH 82| ¢ 5 9.7 [15.3 |i7.0 | 8.3 v 1.0 - 0.50mm =

—:.E v PHT.0 1 0.50- 0.25mm |

_Exch.Ca (me/ 1005) 8.2 17.4 188 |10 | 5.2 * + 0.25-0.10mm 2
o Mg ., 39.03.2 8.2 ] 3.8 |53 v 0.10= 0.05mm

___-_ K .. 20125110 | iy Jas Totai sand %

[0 WE, 5 0.2 105110 |19 [0, Sty

h“m 10.3 112 & |1 g 11.7 c‘."

Basess.%.phe2 [, 100 | 100 100 | 100 Texturs class _

= S0 Burk density

ESP at pH 8.2 3 5 6 10 s Moisture % w/y at:

Setwation extract e

Molsture % 35.0 ) PF 2.0

H-paste Y | PF 23 W

Ce (mmho/cm) I oF 2.7

:Em pF 3.0

o PF 3.7

il — |[oFaz

= BTl Laboratary no.

™ of cations(me/|) PH-H,0 (12. 5v/v) 8.1 Available | Total
_b_(:."” Exch. acidity (me/ 100g) Na (me/100g) 0.1

&" C% 0.32 " 1.1

o b N% 0.05 Ca , 8.0

- P—Otsen ( ppm) 19 Mg . 5.6

of anions(me/1) M . 0.7

e P (ppm) -

'y mineralogy: Various:

A /mol)

Rg03 ..

y (mmol%,)

=

L Remarks:
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e DESCRIPTION NO.

ng unit
1 classification
tion no./date
on/altitude
tic zone
material

graphy

at site

stoniness
e cracking
2 class

description
0~-17 em

 17-45 cm

70-110 cm

110-150"cm

1l site information
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37

t PsUl

t luvic YERMOSOL, sodic phase

: 54-18; 16/3/82

: Marsabit District; 37°16'E, 2°26'N; 540 m

1 VII

: Sediments derived from undifferentiated Basement
System rocks

: Sedimentary plain

: Almost flat to flat

t 0%

1 Shrubland with understory of dwarf shrubs and grasses.
The main species are: Acacia reficiens, A. mellifera,
Duosperma eremophilum, Indigofera spinosa, Aristida mutabilis,
Enneapogon spp. and Blepharis linariiifolia

Seasonal grazing

: Severe splash, moderate rill and slight deflation
Nil

Slight, soft sealing, about 2 cm thick

: Well drained

Light brown (7.5 YR 6/5 dry), reddish brown (5 YR 4/4 moist); sandy loam,
moderate, medium to coarse, subangular blocky; soft when dry, loose when
moist, non-sticky and non-plastic when wet; many pores of various sizes;
very few, dark minerals; clear and smooth transition to:

(sample no., 54-18/2)

Reddish brown (5 YR 5/4 dry and 5 YR 4/4 moist); sandy loam; weak, fine to

coarse, subangular blocky; slightly hard when dry, friable when moist,

slightly sticky and slightly plastic when wet; many fine and medium, few

coarse pores; very few, small dark minerals, clear and smooth transition to:
(sample no. 54-18/3)

park reddish brown (2.5 YR 3/5 dry), reddish brown (2.5 ¥R 4/4 moist); sandy
clay loam; porous massive, breaking into weak, medium to coarse, subangular
to angular blocky; hard when dry, friable when moist, sticky and plastic
when wet; thick, continuous, clay cutans; few fine and medium pores; very
few, small iron-manganese concretions; very few, small, dark minerals;
gradual and smooth transition to:

(sample no. 54-18/4)

Dark reddish brown (2.5 YR 3/4 dry and moist); sandy clay loam; porous
massive, breaking into weak, fine to coarse, angular blocky; very hard when
dry; thick, continuous, clay cutans; few, fine to medium pores; few to
n:scrate pores; few to frequent, small iron-manganese concretions; very few
small, dark minerals; clear and smooth transition to:

(sample no. 54-18/5)

Strong brown (7.5 YR 5/6 dry), reddish brown (5 YR 4/4 moist); sandy clay loam)
porous massive, breaking into weak, fine to coarse, angular blocky: hard =~
when dry, friable when moist, sticky and plastic when wet; thin, patchy, “i".
cutans; many fine and medium, few coarse pores; slightly calcareous; very few,
small iron-manganese concretions

\ (sample no, 54-18/6)

Roots are present mainly to a depth of 70 cm but some also 9o deeper than
130 em. The profile is slightly sodic from a depth of 45 cm, from 110 cm
the soll is moderately saline.

'._.“‘I ¥
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LABORATORY DATA OF PROFILE DESCRIPTION No: 18

FIELD OBSERVATION No: 55§ MAPPING PsU2 :luvic YERMOSOL, sodic phase A
m‘.n-.l| m,__& 9469 | 9470 Depth (cm) 0-10 15-]4 10-.0'.!-104 =y
N W 0 o o 1 1
Depth (cm) 9-10 [15-30 40~80 jB5~108 ﬁ e |
PH-H0(1:3, 9/v) 7.417.7] 7.7 |80 8and % 2.0-008 mm | 50 | 76 7% | 70 o
PH-KCI " 6.4 ] 6.4 6.2 |6.p Sits o.0s—o00mm | , | , 6 | 16 g
EC(mmha/cm) .. 0.10] 0.06| 0.08{ 0.11 |_Clay % 0.002-0 mm 8 |20 18 | 14
CaCO4 (%) - - - - Toxture class s |_SL_| sL i
Cas0, %) Dispersed clay % 5.
C ™ 9.10 [0.06 [0.03 | 0,06 Flooculation inder Na,
N (%) Textwe USDA: -l
C/N Sand % 2.0 ~ 1.0mm ety |
CEC (me/1009), pH 8.2 10.6 |14.4 | 144 7.3 # 1.0 = 0.50mm
00 « i el et 13.6 his.s "+ 0.50-0.25mm
Mmmm. 1|42 s .0/, LY, " 0.25~0,10mm
v Mg . ul*%.a] 2.9l 6.2 %69 * + 0.10- 0.05mm
e SRR 1) o 9 e T T Total sand % N
e e R .46 4 |21/, o Siit % 2 | 2 8146
Sum of cations 1) "M ";‘: 1 n'?{ £ u.:{‘ Clay % 12 | 19 25 18
Base sat. %, pH 8.2 67| 66 | & 89 Texture class SL | sL SCL | sL _#
Yo" NpHTO 88| 99 |1p0 99 Bulk density 1.59 1.62 A{
EBP at pH 8.2 4 12 Moisture % w/y gt
Satwation extract: PF 0 41.2 —I
Molsturs % o 20 23.5 26.1
PH-paste ) 17.2 19.6
ECe (mmho/cm) war
Na (me/1)  |[Tyeee
Sl ][ e 11.3 13.6 _
S PF42 9.5 11.6 |
w . | st — Laboratory no. o
lndoullllhnm oL __m-u,on:,_,um 7.9 Available | Total
GOy (me/1) | Exch.sidity (me/ 100 ok mvadwas X PN
::o, . | c% 0.29 A 1.0
e N% Ca ., [
0 I N T '
'_Inddllnlm, »ero
w'm o 0.4
|__Clay minersiogy: Various: e 5
g /mol) sad ] [
8$109/Rg05 ..
[ Foz0ytmmarn
Lx-uy Toport: _Illite and & mixed layer mineral ocour 1n J
ST __-_-_'-—“-——___
feldspars and in the Subsoil also traces %
L Palygorskite are found,
Lo dmas
e |
L S

Kenva Soll Sirvey




e |

|
|
237 |
_DESCRIPTION NO. 38
_8ite ormation
|
unit 1 PsU2
sification t luvic YERMOSOL, sodic phase i
n no./date 1 55-8; 3/9/81 |
altitude ¢t Marsabit District, 37°31'e, 2°26'N; 425 m
matic zone T VII
terial t Unconsolidated sedimetns derived from undifferentiated |

Basement System rocks |
phy ¢ Sedimentary plain |
: Almost flat |
t site 1 1% i
: Dwarf shrubland with annual grasses as understory.
The main species are Indigofers splnosa and Aristida
mutabilis
: Heavy grazing
Strong splash and rillwash and moderate deflation
Nil
sealing : Blight, soft, 2 to 3 cm thick sealing
Well drained

g
]

1

0-12 cm Reddish yellow (7.5 YR 6/6 dry), reddish brown (5 YR 4/4 moist); loamy
sand; moderate, fine to medium, subangular blocky; slightly hard when dry,
friable when moist, slightly sticky and non-plastic when wet; many fine, !
few medium and coarse pores; very few, small, dark minerals; clear and I
smooth transition to: |
(sample no. 55-8/2) |
|

12-35 cm Btrong brown (7.5 YR 5/6 dry), reddish brown (5 YR 4/4 moist); sandy loam;
porous massive, breaking into weak, fine to medium, subangular blocky;
slightly hard when dry, very friable when moist, slightly sticky and non-
plastic when wet; many fine, few medium and coarse pores; very few, small,
dark minerals; gradual and smooth transition to:

(sample no. 55-8/3)

35-85cm Yellowish red (5 YR 5/6 dry and 4 YR 4/6 moist); sandy clay loam; porous |
massive, breaking inot weak, fine to medium, subangular blocky; slightly ‘
hard when dry, very friable whenmoist, sticky and plastic when wet; thin, ;
broken, clay cutans; many fine, few medium and coarse pores; very few, small
dark minerals; gradual and smooth transition to:
(sample no. 55-8/4)

85-107 cm Strong brown (7.5 YR 5/6 dry), yellowish red (5 YR 4/6 moist); sandy loam; :
porous massive, breaking into weak, fine to medium, subangular blocky; 4 -
slightly hard when dry, very friable when moist, sticky and plastic when wet;
many fine, few medium and coarse pores; very few, medium, slightly hard, L
iron-manganese concretions; very few, small, dark minerals; gradual and !
smooth transition to:

(sample no. 55-8/5)

107-150"cm Over 908, medium and large, spherical, hard CaCO, concretions, partly

: covered with manganese oxides. !

REMARKS : Roots are present throughout the profile. From B85 cm the soil is moderately
sodie. .

e
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LABORATORY DATA OF PROFILE DESCRIPTION No: 5,

FIELDOBSERVATIONNo:  54-20 MAPPING UNIT: psu3 ""[&Mm_ orthic SOLONETZ
Laborsory m0. ... /32! 4306 4307 l4308 |4 4310|4313 Depth (cm) [o-10 | - =38138-60 | go- 0-150 |
Horizon A [ | 28t | amen | Gravel % o LS.
o i il T T T2 ot
PH-H20(1:2, 5v/v) 8.0 17.818.0 | 29[ 7.4 7.6 $and%2.0-005 mm | 55 [, 78 | s8 58 54 |
PH-KCI " 10 jeolss | 6v]es - 7.0 St % 0.05-0.002mm | 16 4 6 el 12
EC(mmho/cm) ., 0.11) 0.19) 0.14 -_m;_g’_p_,_u_ Clay % 0.002-0 mm 14 |52 18 | 3 i§ Y
c-oo,m_ ++ 4t Texture class SL |c SL sC sC 8¢ )
colodil M'W‘ < edd
- C W) 0.11/ 0.11 0.06 | 9,07 9:07 | ©.04 || Flocculation index et | Gera
{| N Textue USDA:
I c/N Sand % 2.0 ~ 1.0mm
CEC (me/100g), pH 8,2 8.3 120.7 | 9.1 21.3 |20.3 1.7 ' v 1.0 ~ 0.50mm =
|| CEC .. . opH7o v 0.50~ 0,26 mm -
Exch.Ca (me/ 100g) 2:0 125.2 linos [i36 [y434 vt 0.25-0.10mm el
.l M 2.0 420 (38 [ 62 |5, 5.4 »_ 0.10~ 0.05mm
i b IR 1.5 13,5 [ 1.2 1.5 1.4 1.0 Total sand %
w Na 0.2 [ 0.5 [0.7 17 3.8 1. Silt %
Sum of cations 13.7 6.2 17.3 [23.0 25.6  |38,2 Clay %
Base sat, %, pH g.2 100 | 100 | 100 | 100 100 100 || Texture ciags
"t % pH7.0 ___mm,
ESP at pH 8.2 I . . L3 » Molsture % w/y ot
Saturstion extract: Il oFo il
Molsturs % | 36.0 || pF 20
PH-paste 7.4 PF 2.3
ECe (mmho/cm) § 19.0 || pFar
Na(me/1) | " oF 30
e | PF 3.7
o T iy s
Mg ., , W&zlﬂ:—_—- Laboratory no, 82 / 4402 ‘
Muml) , _!Hi’nn:z,y;n 8.0 Available | Total J
©0y (mev) ][ Eoh wiaiy merrong Na(me/1005) | o |
HCOy C% 0.23 X' 2.0
ci " 3 _N_;.—-—-_—___- 0.04 Ca ., 19.8
- -—-—;m_.?_._ 25 Mg .. 9.4
__de LA e Mn 0.8
Ad]. SAR P (pom) 3
Clay mineralogy: Various:
_---_—'——-—._.____
80 /Rg0y e ]
Foz0;(mmois) P
| X~ray repont: DT ()4
_-_--'_'-'————____
[~ S T L |
’E v ol e s
i ) o
| ‘h A
R L T Kenya Soll Survey
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E DESCRIPTION NO. 39

eral site information

ping unit : PsU3
__ classification : orthic SOLONETZ
jervation no./date 1 54-20; 18/3/82
ration/altitude ¢ Marsabit District; 37°25'E, 2° 19'N; 460 m
limatic zone 1 VII
rent material : Unconsolidated sediments derived from undifferentiated
; Basement System rocks
ysiography : Sedimentary plain
11 s : Almost flat to flat
at site ; + Shrubland with dwarf shrubs and perennial grasses as

understory. The main species are Acacia reficians,
Indigofera cliffordiana and Sporobolus fimbriatus.
: Grazing
1 Severe splash and rillwash, moderate rill erosion
and slight deflation. At the same time also deposition
rface stoniness : Nil
ace crusting : Slight slump crust and some algaea crusts
nage class Moderately well drained

=
le description

Reddish yellow [ 7.5 YR 6/5 dry), yellowish red (5 YR 4/5 moist); sandy
loam; weak, fine to medium, subangulr blocky; soft when dry, loose when
moist, non-sticky and non-plastic when wet; common fine and medium,
many coarse pores, mainly vesicular; very few, small, dark minerals:
abrupt and smooth transition to:

(sample no. 54-20/2)

0-10 cm

10-25 cm Light brown (7.5 YR 6/4 dry), yellowish red (5 ¥R 4/6 moist); clay;
mo?lurate. fine to mod{um. {m%; to angular blocky; slightly hard when
dry, very friable when moist, sticky ahd plastic when wet; many PO;“k
of various sizes; strongly calcareous; very few, small, micas and dar
minerals; abrupt and smooth transition to:

e (sample no. 54-20/3)

P I
25-38 cm Reddish yellow (7.5 YR 6/5 dry), yellowish red (5 YR 4/6 moist); sa
7! loam; porous massive, moderately" coherent; slightly hard when dry,

fine and
loose when moist, non-sticky and non-plastic when wet; many
medium, common cc,mrse pores; abrupt and smooth transition to:
(sample no. 54-20/4) |

4 moist); sandy
38-60 cm park red (2.5 ¥R 3/5 dry), dark reddish brown (2.5 YR 3/
clay; weak, medium, prismatic, breaking into moderatoé mﬂ::y t:::o.;f:.'
subangular to angular blocky; hard to very hard when ’Y’- Yay cutans)
when moist, sticky and plastic when wet; thick, wntiﬂﬂgﬂ;“um’ :
very few, fine, pores; few, very small, iron-manganese
small, dark minerals; clear and smooth transition to:
(sample no. 54-20/5)

is massive, breaking
60-100 cm Essentially similar to preceeding horizon; structure b s
into wuk.ynodium to coarse, angular blocky; very hard when dry; gradua
and smooth transition to:
(sample no. 54-20/6)
cla
100-150 em Yellowish red (5 YR 4/6 dry), dark red (2.5 YR Sésn:gi;:hwugdrzul“r
: loam; porous massive, breaking into weak, fine t o o ey
blocky; slightly hard when dry, very friable when . oA S
plastic when wet; many, fine and medium pores; strong';k doppmr 2
very small, iron-manganese concretions; few, small, : i |
salt crystals: (sample no. 54-20/7) : i
REMARKS ¢ Roots present mainly to a depth of 60 cmy some go :gyag.::h.:?:h“: ; I
40 cm depth the soil is slightly sodic. The lod-'l-cu Yics & & "otm |
between 60 and 100 cm. The soil is strongly saline |
100 cm. |
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LABORATORY DATA OF PROFILE DESCRIPTION No: «0

FIELD OBSERVATION No: 42-3 MAPPING UNIT: PsU4 SOIL CLASSIFICATION: orthic SOLONETZ, saline phase -
Laboratory m0. .../ 77| 149 [150 | 151 152 153 Depth (cm) 0-11 [11-35135-65 590 [00-130 | i
Horizon A Btn2 | Btn2 | Btn) | Btn3 Gravel %
-Depth (cm) 0-11] 11-35 35-65 |65 - S —h=
PH-H,0(12,5v/v) 8.0 8.6 8.0 | 8.1 8.3 Sand % 2.0-0.06 mm | gs | 46 58 58 56 =
| | pHxei " .01 Lt iral Py Naa Silt % 0.05-0.002mm 4] s 6 8 8 ]
| EC(mmho/cm) ., 9.14 0.99 3.00) 3.50 | 5.50 Clay % 0.002-0 mm 8 |28 | 16 34 16 S
Cacoy %) 0.8] 0.8 0.4 1.8 Toxturs class bacL fsc lscr | s |0 |
Cas0 (%) Dispersed clay % W= |
cw 517 Flocculation index L ==
N (%) s Texture USDA: ]
| C/N a.n Sand % 2.0 ~ 1.0mm
CEC (me/100g), pH 8.2 # o 1.0 - 0.50mm :
CEC .. » pH7.0[ 4.4 15.6 123.8 [21.6 | 22.4 v 0.50~0.25mm )
il Exch.Ca (me/100g) 3-2158) 9.6 [9.6 |35 v+ 025-0.10mm ==
i SRR st 50l 73172 o v 0.10-0.05mm o
. 9.6 ) 1.6]| 2,5 | 1.8 1.8 Total sand %
M AT 0.4] 4.5]10.0 [ 7.9 9.3 Silt % :
.. Sum of Cations 6.8 116.% 29.2 S8.7 ==t c“"
: Base sat. %, pH 8.2 Texture class
| " v % pH7.0 70 1100 1100 | 100 | 100 Bulk denaity ]
€8P ot g 0.2 a2 |a | o3 2 [ n e
Saturation extract: M B ]
“"‘ ‘ A5._1 L | £5 & f a'o B
PH-paste .61 7.5 | 8.3 pF 23
ECe (mmho/cm) 20,5]21.5 |12.5 | PF27 |
Na (me/) pF 3.0
&, CoFar ]
Ca ., pF 4.2
M W&ihl‘ Laboratory no.
Sum of cations(me/|) || pH=H0 (11 /v e Avalisble | Total
COy (me/1) __Emuwhﬁ-wow; Na(me/100g) | o, 5
HCOy | 22 | 28 24 c% T 0.6
Gl | 235 | 245 35 — N Ca e
B. " | || P-Oren(pom) Mg . 2
[ Sum of snicnagmer | | | ¥ - 0.6
&'- ot ] l P (ppm) 250
| Clay minersiogy: =
L"°z/"z°s(-w-n l i
| $102/R205 .
| Foa0(mmotn)
| X-ray.report:
i
i - -
L ;
s ;
L B0 ]
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QFILE DESCRIPTION NO.

ite information

apping unit
l. classification

rvation no./date

ocation/altitude
: climatic zone
1 nt material

iography
slief

Slope at site
tion

. nd use

Surface stoniness
ace sealing
nage class

Profile description

0-11 cm

‘Btnl 11-35 cm

 Btn2 35-65 cm

Btn3  65-1307cm

remarks;
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40

1 PsU4

1 orthic SOLONETZ, saline phase

1 42-3; 14/12/76

. Marsabit District; 37°13'E, 2°37'M; 480 m

t VII

: Unconsolidated sediments derived from undifferentiated
Basement System rocks

1 Sedimentary plain

: Flat to almost flat

1 0%

: Shrubland with dwarf understory, few annual grasses
occur as well. The main species are Acacia reficiens and

puosperma eremophilium. salsola dendroides occurs as well

+ Light grazing

1 Nil

: Moderately strong, 5 mm thick
: Moderately well drained

Reddish yellow (7.5 YR 6/6 dry), yellowish red (5 ¥R 4/6 moist); loamy sand;

single grain and weak, fine, subangular blcoky; soft when dry, loose when

moist, non-sticky and non-plastic when wet; abrupt and wavy transition to:
(sample no. 42-3a)

Reddish brown (5 YR 4/4 dry) and (5 YR 3/4 moist); sandy clay loam;
moderate, coarse columnar, breaking into moderate, coarse, angular blockyi
very hard when dry, friable when moist, non-sticky and non-plastic when wet;
moderately thick, broken clay cutans; few, fine pores; gradual and
wavy transition to:

(sample no. 42-3b)

Reddish brown (5 YR 4/4 dry), dark reddish brown (5 YR 3/3 moist); sandy
clay; moderate, medium, angular blocky; very hard when dry, friable when
moist, slightly sticky and slightly plastic when wet; moderately thick,
continuous, clay cutans; few, medium pores; very few, small, biotite;
gradual and wavy transition to:

(sample no. 42-3c)

Strong brown (7.5 YR 5/6 dry), reddish brown (5 YR 4/4 moist); sandy clay
loam to sandy clay; calcareous from 90cm; few, small biotite
(sample nos. 42-3c and 3d from 69-90cm and from 90-130cm
respectively)

Roots are only present in the topsoil.
The soil is strongly saline from 35cm and strongly sodic from llcm downwards.
The description of the soil below 65cm depth is based on an augering.
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LABORATORY DATA OF PROFILE DESCRIPTION No: 41
FIELD TION Ne:  54-3 MAPPING UNIT: psus : _orthic
RN
Laboratory 0. .../ o 9450 | 9451 | 9452 ;,; 9455 Depth (cm) - - - 5=120 1135-1 .
Horizon Al AE|Btal | Ben2 | Btn3 [Bend Gravel % ]
[ Toxture, limited
Depth (cm) 0-10 | 10~ ~120 =170/|  pretrestment;
o SYPLE NN BPRY BN BT PR L8 | Semi%20-00smm [0 [od [ 70 [ 50 | 6o T o
PH-KCI - 6.0/ 5.8 5.6 | 6.6 | 7.1 6.6 Sill % . 0.05-0.002mm | 2 4 6 4 14
EC (mmho/cm) .. 2:0% 0.09 o.18] 0.65 | 0.22 | 4.00 Ciay % 0.002-0 mm 4 4 | a8 36 30 22
CaCog (%) . : ~ Texture class s s SL sC SCL SCL
Cas0,, (%) || Dispersed ciay %
C (%) 9-12| 0.0 0.06 0.07 [ 0.03 9.03 || Flocoulation ingex
N (%) s Toxtws USDA:
C/N SE $and %2.0 — 1.0mm
CEC (me/100g), pH 8.2 §.4 14.6 | 11.8 f23,7 |28 23.8 v 1.0 — 0,50mm
900 e v minael . o 3.6 1112 Je3e fi6a  |20.2 “ v 0.50~0.25mm
Exch.Ca (me/100g) 1 284 o)1 2.8/¢ of4-6f, 460, o L T v 0.25~0.10mm
« Mg . e ) R o T Vo [ 45, o637, " 0 0.10 = 0.08mm
2 s 1) %%, 4 084 5 1-1¢ 07, 1.0/, ¢ [1075 Total sand %
w N o, 3 .(: 0TI 7wy 5 68— SN %
Sum of cations 45134173 | 145 191 19.6 Clay %
Base sat. %, ph .2 70 ] 74| 60 | g5 79 82 Texture class
- %m0 |, [ 100 | 69 | 100 Buik density
ESP at pH 8.2 : Molsture
6 6 9 16 30 28 % w/vat:
H:"""" PF O 3.4 42.1
*'.a 15 8 34 .8
PH-paste | 9.9 oF 2.3 11.3 30.4
ECe (mmho/cm) i pF 2.7
Na(me/1) 61.5 pF 3.0
X
T 0.3 pFaz 7.0 19.2
<. 23.2 PF 4.2 59 17.8
oo [V mt” bottom ‘-MWV no. g) ;132 bé':’i’m
hdmu 13, m.naomz.!wn g 6.9 mm Total
°°af":'l 1.6__|| Exch.acidity (me/100g) Na(me/1009) |, \ , o
: 6.8 C% e o7l x . .4 0.8
g = 1830 N% D.03  0.04 Ca .. 1.4 3.6
- 11,8 P~Oisen ppm) 6 Mg .. 1.8 3.8
'_&ndnlﬂu(nm
Mo, 0.3 0.4
LM].INI
P (ppm) '
L Clay mineraiogy: Various:
8§10,/ A1 (mol/mol) i
s:o,m,oa " Rigamso)
[ Fa504(mmol%) ;
[ X-ray repont: Illite and a Aixed layer clay mineral ocour
i together in small amounts. With depth the
Bl occurrence of Emectite increases (from nothing Remarka: 5% et o
l to a moderate amount), Traces of kaolinite are e
[\T'—M—m_ Sughout the proFITe: —FaTygoraRTes saaleis (oteom).
is present throughout, lncronlnq with depth
s e L L T

Kenya Soil Survey
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E DESCRIPTION NO. 41

1 PsUS
i1l classification t+ orthic SOLONETZ
rvation no./date t 54-8; 3/9/81
tion/altitude : Marsabit District; 37°28'E, 2°1a'u. 475 m
climatic zone 1 VII
Parent material : Unconsolidated esediments derived from undifferentiated

Basement System rocks

: Sedimentary plain

t Almost flat

: 0.5-1%

:+ Annual grassland to shrubland. Acacia mellifera, A.
reficiens and Indigofera spinosa annual and some perennial
grasses are the most common species.

Land use : Grazing

Erosion : Severe splash and rillwash, slight rill and moderate
E 4 deflation

Surface stoniness : Nil

Surface sealing : Moderate

Drainage class : Moderately well drained. After heavy rains water can be

stagnant in the depressions for a few days.

Profile description

A 0-8 cm Strong Brown (7.5 YR 5/6 dry), reddish brown (5 YR 4/4 moist), sand; porous
massive, breaking into weak, fine to medium subangular blocky; slightly hard
when dry, very friable when moist, non-sticky and non-plastic when wet; many
pores of various sizes; very few, small, dark minerals; clear and smooth

transition to: (sample no. 54-8/2)

AE 8-32 cm Yellowish red (5 YR 5/8 dry), red (2.5 YR 4/6 moist); sand; porous massive,
weakly coherent; soft when dry, loose when moist, non-sticky and non-plastic
when wet; many pores of various sizes; abrupt and tonguing transition to
(tongues of 20cm length any about lem wide, more than 20cm apart):

(sample no. 54-8/3)

Btnl 32-55em park red (2.5 YR 3/6 dry and 2.5 ¥R 3/5 moist); sandy loam; strong, coarse,
breaking into weak, coarse, angular

columnar (columns have bleached caps) ,
blocky; very hard when dry, very friable when moist, sticky and plastic when
wet; moderately thick, continuous clay cutans; many fine, common medium and
coarse pores; gradual and smooth transition to:

(sample no. 54-8/4)

Btn2  55-90 cm Reddish brown (2.5 YR 4/4 dry), dark red (2.5 YR 3/5 moist); sandy clay;
moderate, medium to coarse prismatic, breaking into moderate, medium to
coarse, subangular blockyi hard to very hard when dry, very friable when
moist, sticky and plastic when wet; thick, continuous, clay cutans; common |

fine and few, medium to coarse pores; slightly calcareous; very few, small,

3
‘ dark minerals; clear and smooth transition to:
i (sample no. 54-8/5)
Btn3 90-130 - 4/6 dr dark reddish brown (2.5 YR 3/4 moist); sandy clay loam;
& - :::mis rsnai:tiv':, brz!ll'ting into weak, medium to coarse prismatic, breaking into
; weak, medium to coarse, subangular blocky; hard when dry, very friable when
. moist, sticky and plastic when wet; moderately thick, continuous, clay
3 cutans; common fine, few medium to coarse pores; moderately calcareous; few,
' small to medium, soft CaCO3 concretions; few, small, soft, manganese
E concretions; very few, emall, dark minerals; gradual and smooth transition to
b
' (sample no. 54-8/6)
!
~ Btnd4 130-170"cm Essentially similar as above, but strongly calcareous with few, small, salt
'. crystals.
b
: REMARK £
1ightly sodic from the top and strongly sodic from a depth o
: - Zhesail e B8 to a depth of 1 m, f

60 ¢cm. Roots are present
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LABORATORY DATA OF PROFILE DESCRIPTION No: <2

——

FIELD OBSERVATION No: 54-4 MAPPING UNIT: PsUAl : cambic ARENOSOL
o e
Laboratory no. .../ 4352 Depth (cm) 0-25 140-70]80-10Gh20-15¢8
Horizon A AB Bw2 Bk Gravel %
Depth (cm) 0-25 N0-70 [80-100 [120-15 _.._L_lm“'_'
PH-H.0(1; sv/v 2.4 7.3] 7.6 2.7 Sand % 2.0 - 0.08 mm 80 | 78 52 76
pH-KC . §.3) 6.5] 6.7 6.8 Slitw oos—oommn [ 44 [, [ 4 16
EC(mmho/cm) .. 0-19 0.140.20 | o.75 Clay % 0.002-~0 mm 6] 10 8 8
CaCOg (%), + + + | 44 Texture class Ls | sL L SL
Ca80,, (%) Dispersed clay %
cm 0.29 0.090.32 | 0.09 Flocculation Index
N (%) 0.03 Textwre USDA;
C/N 9.7 Sand % 2.0 ~ 1.0mm
CEC (me/100g). pH 8.2| o , 9.0]10.0 | 9.0 % w0 1.0 = 0,50mm
CEC .. .. PH 7.0 5.0] 5.6]10.6 7.0 o 0.50~0.25mm
mmm 1) 8.6{ . -2 19.7, *  0.25~0,10mm
. n L5 e, %o %, # w 0.10 - 0,05mm
Vo s 1) Jo.9f  fo.8g i.sfmln.um Total sand % 82 57 81
o W b Jo.1f o.1f fo.2/ LS/, Slit % 1.1 3 1
Sum of cations 1/ A 205 39/ Clay % a1 1 s
sat, 10
Base %, pH 8.2 0f g7 100 | 100 Texture ciass s/st| sr | s
Yo % pHT.0 86 59 75 80 Bulk density
ESP at pH 8.2 1 i 2 8 Molsture % w/v at:
m“ PF O
PH—paste PF 2.3
lc-n-uu. PF 2.7
Na (me/1) pF 3.0
‘ L ”.?
Ca ., iz
Mg . | Fortlllly aapects:—
— (020 om) Laboratory no. 81/ 4370
e PHH0 (12.5v/v) | 4.5 Avaitatte | Total
| GO (me/i) Exch. acidity (me/ 100g) Na(me/100g) | .1
. cx
g 0.29 . S 0.7
-_..ir N% 0.03 Ca .. 7.3
P—Qtsen (ppm) 10 Mg . 2.4
Bum of
anions(me/1) e e
Ad|. 8AR
P (ppm) 540
Clay mineraiogy: Wrtons:
8103/R05
| Foz05tmmotny
X.
! W e S the dominating clay mineral.
Traces of kaolinite are Present as welj,
’[: Remarks: 1) paes from survey (top) and special analysis

Kenya Soil Survey
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FILE DESCRIPTION NO. 42

1l site information

g unit
classification

ion/altitude
climatic zone
material

ography

at site
ation

d use
irosion

rface stoniness
Surface sealing
!mmg- class

 Profile description

b~ 0-30 cm

_ AB 30-56 cm

Bwl 56-80 cm

Bw2 80-100 cm

Bwl 100-120 cm
P | +
Bk 120-150"cm
REMARKS :

ation no./date

:+ PsUAL

: cambic ARENOSOL

t 54-4; 14/3/81

t Marsabit District; 37°2'E, 2°24'N; 660 m

1 VII

1 Unconsolidated sediments derived from
undifferentiated Basement System rocks

: Sedimentary plain

: Almost flat to very gently undulating. Profile
located on slight elevation.

: D-1%

: Dwarf shrubland with bushes andgrasses. Mainly
Acacia reficiens, Indigofera spinosa, Duosperma
eremophiulum, annual and perennial grasses.

: Occasionally grazing

+ Severe splash and rillwash

: Nil

: Slight to moderate, with algae crusts as well

: Somewhat excessively drained

Light yellowish brown (10 ¥R 6/4 dry), dark brown (7.5 YR 4/4 moist);
loamy sand; porous massive, weakly coherent; soft when dry, very friable
when moist, non-sticky and non-plastic when wet; few pores of various
sizes; moderately calcareous; very few, small, dark minerals; gradual
and smooth transition to:

(sample no. 54-4/1)

Brownish yellow (10 YR 7/6 dry), dark brown (7.5 YR 3/4 moist); sandy
loam; porous massive, moderately @oherent; soft to slightly hard when
dry, very friable when moist, non-sticky and non-plastic when wet; few
fine, many medium pores; very few, small, dark mineralsjclear and

smooth transition to:
(sample no. 54-4/II)

Brown (7.5 YR 5/4 dry), dark brown (7.5 YR 3/4 moist); sandy loam;
porous massive, uodural':oly coherent; slightly hard when dry, very
friable when moist, non-sticky and non-plastic when wet; common fine,
few medium pores; very few, small micas and dark minerals; gradual and

smooth transition to:

Essentially the same as above, but hard when dry and slightly

lecareousigradual and smooth transition to:
o ¢ (sample no. 54-4/III)

i{sh brown (10 YR 4/4 dry), dark brown (7.5 YR 3/3 moist);
?:;: g:::::ly sandy loam; porous massive, moderately coherent; hard
when dry, very friable when moist, non-sticky and non—plnl:!.crvhcn wet;
many, fine pores; moderately calcareous, Very few, medium, soft,
carbonate concretions; frequent, small, micas; clear and smooth

transition to:
(sample no. 54-4/1V)

as above, but strongly calcareous and an

e
Essentially the sam bonate concretions (to about 10%)

i{ncreasing amount of car
tensity
sent throughout the profile showing a decreasing in
mﬁ-d:;:hl?r.'rhc surface crust is about J cm thick, soft to slightly
hard when dry and has many vesicular, discontinuous pores.

P

———
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LABORATORY DATA OF PROFILE DESCRIPTION No:
FIELD OBSERVATION No: 54-7 MAPPING UNIT: PsUAL SOIL : luvic YERMOSOL, sodic phase
Leborstory mo. ... /81| 7911 7912 | 7013 7914 | 7915 | 7916 Depth (cm) 820 42030 |40-55 [75-95 [110-130 140-170
Horizon AC 12 |2 | 2mer | 2me2 | acx Gravel %
Depth (cm) 820 | 20-30] 40-55 [75-95 |110-130 140-170 _&‘__
mugora 1ol ssbine Ie 82 179 | Seinzo-o0smm | T T ALt &8 Lo
PH-KCI “ 7.3 7.0| 7.3 7.1 7.1 7.0 St % 0.05—0.002mm 28 11 |12 10 12 5
EC{mmho/cm) ., 0.30] 0.12) 0,10 0.35 0.30 | 0.70 Clay % 0.002-0 mm 20 19 | 19 24 20 | 23
CaCog (%) . Texturs class SL —SCL | SL/SCL| scr |
Cas0, (%) Dispersed ciay %
C (% 0.17/0.29 [ 0.1 Flocculation index
N (%) 0.0 Textwe USDA:
C/N 3.4 5and % 2.0 ~ 1.0mm
CEC (me/ 1009, pH 8.2] 1 20100 162 log a4 Lo 10 ~ 0.50mm
CEC .. . pH70 o0 050~ 0.25 mm e
Exch.Ca (me/100g) 17.4 | 8.8 | 7.2 7.2 P13 fie.s " v 0.25-0.10mm =
+ My 3119 1.9 [1.6 1.8 2.3 ¢ 0.10-0.08mm
A W 18112010 Jos o4 0.8 Total sand %
Wi 8.21 011 a3 a4 0% 11 Sins
Sum of cations 22.5 112.0 110.4_ho.o by 43,5 Clay %
St u. mea |0 100] 100 J100 |, 100 || Texturs clase
D %pH70 Bulk density 1.54 1,58 1.63
ESP at pH 8.2 2 2 B 7 [ 12 "'""“':{L'F (2-7) (25-30) (80-85) cm
Saturation extract: pF O 5 372,31 18 2 i7.4
Molsture % pF 2.0 18.8 | 20.3 20.0
PH-paste PF 2.3 13.7 | 15.9 13.9
ECe (mmho/cm) oF 2.7
Na(me/1) pF 3.0
K . oF 3.7 10.4 | 7.9 8.9
Ca . pF 4.2 9.3 7.0 8.5
. M _mm_tgg- SADURY 8. . 4/ 3nas
Sum of cations(me/1) PH=H,0 (12. 5v/v) 8.6 Available | Total
€Oy (me/1) Exch, acidity (me/ 100g) Namerioog) |
HCOy - c% 0.04 " 0.8
cl » N% 0.30 Ca . 11.2
s P—Otsen (ppm) 20 Mg 1.9
[_u-u-i-ut-w Fale Mo -
| Ad1. san i P (pom)
| Cloy minerstogy: e
A /mol)
meo. S
Fez05(mmol%)
| X=ray repor: Illite o e
L occurs in moderate amountsg , nite occ
I_ in small amounty, Traces of ectite are P
L found in the topsoil ang it increages with
L depth to smal ] amounts, Small amoynt of a
[— mixed loyer ley mipargy gg oo otolt TR | D —
I_ besides tm—mﬂlm“\ = J

Kenya Soi| Survey




; i1 classification
' ation no./date
tion/altitude
climatic zone
nt material

iography
ef

at site

tation

d use

osion

irface stoniness
ace sealing

Tllinaqa class

]

_Fl le description
A 0-8 cm

A 8-20 cm

:

|

n 20-45 em

2Bu 45-65 cm

2Bt 65-140 cm

2ck 140-170"cem
REMARKS :
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t PeUAlL

luvic YERMOSOL, sodic phase

54-7; 17/7/81

Marsabit District; 37°2'e, 2°23'N; 660 m

: VIXI

Unconsolidated sediments derived from

undifferentiated Basement System rocks

t Sedimentary plain

: Almost flat to very gently undulating.
located in slight depression

: 0%

:+ Dwarf shrubland, dominated by Duosperma eremophilum.

: Occasionally grazing

: Moderate splash and rillwash and rill erosion

: Nil

+ Slight sealing, soft crusting

: Well drained

Profile

Reddish yellow (7.5 YR 6/5 dry), brown (7.5 YR 4/4 moist); sandy loam;
weak, thin, platy; slightly hard when dry, very friable when moist,
non-sticky and non-plastic when wet; many fine and medium, few,
coarse pores; moderately calcareous; very few, small micas and dark
minerals; abrupt and smooth transition to:

Essentially the same as above, but structure is porous massive,
breaking into very weak, medium and coarse, subangular blocky; soft
when dry; abrupt and smooth transition to:

(sample no. 54-7/1)

Brown (7.5 YR 5/4 dry), dark brown (7.5 YR 3/4 moist); sandy loam;

porous massive, moderately coherent, breaking into very weak, medium

to coarse, subangular blocky; slightly hard when dry, very friable

when moist, slightly sticky and slightly plastic when wet; many fine,

common medium and few coarse pores; moderately calcareous; very few,

small micas and dark minerals, clear and smooth transition to:
(sample no. 54-7/2)

a (7.5 YR 5/4 dry), dark brown (7.5 YR 3/4 moist); sandy loam;
gzgzun{massive, sligxtly coherent; slightly hard when dry, very
friable when moist, slightly sticky and slightly plastic when wet;
many fine and medium, few coarse pores; slightly calcareous; few,
small,micas and dark minerals; gradual and smooth transition to:

(sample no. 54-7/3)

dark brown (7.5 YR 4/4 dry and 7.5 YR 3/4 moist); sandy

g{:;nlggm:aporous massive, strongly coherent; hard when dry, very
friable when moist, sticky and plastic when wet; thin, patchy, clay
cutans; many fine, few medium and coarse pores; moderately calcareous;
few, medium, soft CaCO3 concretions (increasing with depth); very few,
small micas and dark minerals; clear and smooth transition to:

(sample nos.54-7/4 and 54-1/5 from 75-95 cm and from

110-130 cm respectively)

dark brown (7.5 YR 4/4 moist); sandy clay loam;
ent; slightly hard when dry, very friable
; strongly calcareous; few to

cas and dark minerals

Yellow (10 YR 7/5 dry),
p;zous massive, moderately coher

moist, sticky and plastic when wet
:2:;uant, goft CaCO, concretions; few, small, mi
(sanpla no. 54-7/6)

50 cm. Below 170 cm the
e present to a depth of more than 1
::::;r:rchgnqes to sand, with gravelly, loamy and clayey layers.
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LABORATORY DATA OF PROFILE DESCRIPTION No: 44

FIELDOBSERVATIONNo:  66-4  MAPPING UNIT: PaUAZ ot Bt
Laboratory mo. .../ gof 12396] 12397 12398 12399 _ Depth (cm) fo-25_[25-45[46-85 ps-170 i
MHorizon X AB Bw c Gravel % I

[ Texture, limited
Depth (cm) 0= =45 | 46-85 [85-170 _Drotrestment ;
PH-H0(12. 5v/v) 7.4| 7.0 6.3 | 6.5 Send%20-00smm | 88 |90 |90 |92
pH-KCI " 6,3] S5.2] 4.3 ] 4.2 Siit % 0.05—0.002mm ] ] 4 4
EC(mmho/cm) ., 0.04 0.03 0.03| 0.04 M- ] 6 6 4 -
CaCOg (%) Texture class 8 8 8 5
Cas0,,(%) Dispersed clay %
) oastonloarlo. Flocculation index
N (%) Texture USDA:
C/N Sand % 2.0 - 1.0mm
mwanm.ﬂ!u!! 4.4 48 1.8 o 1.0 = 0.50mm
CEC .. .. pH7.0|4.8 4.6 | 5.0 3.2 v+ 0.50~0.25mm
Exch.Ca (me/1009) ;) 4.3 2304 1.8/ i 1 0.25~0.10mm
w Mg D)o.9¢ Jfo.5¢ fo.8/ 0.8/, v 0.10 = 0.05mm
3 A e -
w K " o ; . o li A ° Nﬂ = Total sand % 87 88
Wy W exdy o te/y Jntrs tr/ Silt % 5 5 6
Sum of cations 1) 5.5¢ 4.34 2.6{ o 1.94': . Clay % 8 7 6
Base sat. %, pH 8,2
o0 | 2 Texture class o 3 a
o BPpHTO 87 68 | 76 78 ““Ily 1.56] 1,52
".*u <1 <1 <1 <1 M'l!ht
Seturation extract: PF O 32.3 [31.4
Moisture % PF 2.0 114 {130
pH—paste PF 2.3 6.4 | 6.3
ECe (mmho/cm) PF 2.7 2 b s,
Na(me/1) pF 3.0
W e pF a7
Ca . PF 4.2
Mg .. W—
Laboratory no. / 12420
Sum of cations(me/I) PH-H0 (12, g1y 7.4 Available | Total
€Oy (me/1) Exch. acidity (me/ 100g) Na(me/100g) | , .
:30, Cx% 0.58 K 0.6
s N% 0.03 Ca 4.0
e, R P~Otsen(ppm) Mg 2.0
Sum of anions(me/1) ™ 3
0.
Ad|. SAR
P (ppm) 19
Clay mineralogy: Various:
A /mol)
8i05/R205 ..
l Fey03(mmol%)
X—ray report:
[_ Illite, kloly&u and a mixed latn mineral
L occur in small amourts, Traces of smectite Remarks:
’_ are present as well {lu-horuma 1) Dpata from surve (top) and special
L 3 Analysis (bottom)

Kenya Soll Survey




ROFILE DESCRIPTION NO.

ping unit

’il classification
Observation no./date
ocation/altitude
xro-climatic zone
t material

face stoniness

ace sealing
inage class

file description

0-25 cm

25-46 cm

46-85 cm

85-170 cm

REMARKS :
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44

al site information

: PsUA2

: cambic ARENOSOL

1 66-4; 17/10/80

: Marsabit District; 37°28'E, 1953'n; 540 m

: VII

: Unconsolidated sediments derived from
undifferentiated Basement System rocks

: Sedimentary plain

+ Almost flat to very gently undulating

: 1% (on slight elevation)

: Dwarf shrubland with annual grasses. The main
species are: Indigofera spinosa and Aristida
mutabilis.

: Heavy grazing

Moderate to severe splash and rillwash, slight

deflation

: Nil, but a 1 cm thick layer of coarse sand is

-

present
. Moderate, 2 to 3 mm thick
. Somewhat excessively drained

strong brown (7.5 YR 5/6 dry), dark reddish brown (5 YR 3/4 moist);
sand; massive, weakly coherent, breaking into weak, fine to
medium, subangular blocky; soft when dry, loose when moist, non=
sticky and non-plastic when wet; few fine pores; very few, small,
weatherable minerals; gradual and smooth transition to:

(sample no. 66-4/1)

st brown (7.5 YR 4/6 dry), reddish brown (5 YR 4/4 moist);

saig?gmass].ve. weakly coherent, breaking into very weak, fine to

medium, subangular blocky; soft when dry, loose when moist, non=

sticky and non-plastic when wet; few, fine and coarse pores; very

few, small to medium, soft CaCOjy nod:lu‘::o very few, weatherable
ral radual and smooth transition 3

BARNESIAILS (sample no. 66-4/2)

ed (5 YR 5/6 dry), reddish brown (5 YR 4/4 moist);
Eﬁ;ﬁ:i;? gim gravelly sand; further similar as above; gravel
(smaller than 1 cm) consists of quartz and feldspars; gradual

th transition to:
st (sample no. 66-4/3)

.5 YR 7/6 dry), strong brown (7.5 YR 4/6 moist);

3 :.-.13.1 weakly coherent; slightly hard
non-sticky and non-plastic when wet;

mm) consists of quartz and feldspars;

Reddish yellow
slightly gravelly sand;
when dry; loose when moist,
subangular gravel (2 to 10

all, micas
L e L (sample no. 66-4/4)

Roots are well distributed throughout the profile.
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LABORATORY DATA OF PROFILE DESCRIPTION No: «s
FIELDOBSERVATION No:  ¢¢_ MAPPING UNIT:

Laboratory no. .. .. !" ;;;;;’I;;;
Horizon Aul |Au2 | Bwi [Bw2
Depth (cm) ~18 [18-40 |40-65 |65-110 Dratraste 1
maocuw  loalagdlaetls s _ || Sand%20-005mm [ 46 [ 46 | 50 | s2
pH-KCI “ 6.9 | 5.1 | 5.7 [ 60 Silt% 0.05-0.002mm | 16 | 14 | 10 s B
EC(mmho/cm) .. 0.30) 0.30) 0.18 | 0.19 : m By % 0.002-0 mm 38 | 40 | 40 36
CaCog (%) | || Texturs class sc| sc | sc sc
Cas0, (%) 3 Dispersed clay %
cm 0.50{ 0.22] 0.14 [0.06  Flooculation index
N (%) 0.09 ke Texture USDA: B
C/N 5.5 | Sand %2.0 - 1.0mm
CEC (me/100g), pH 8.2(26.5 [27.6 |26.8 bs.7 LD G:homm
CEC .. .. M0 w050~ 0.26mm
Exch.Ca (me/100g) 23.6 |14.1 (12,2 Q3.6 w4 0.25-0.10mm
“ My« 6.0 | s.3| a.5 |4.0 1 0,10~ 0.05mm ]
. S 301200 1,3 /o9 || Totar sana & 4 | 44 | a4 | a6 =
v Na, 0.2 0.2 0.2 | 0.2 Silt % LS ]
Sum of cations 32.8 |21.6 (18,2 |s.7 Clay % 28 | 28 | 19 [ 24
Base sat. %, pH 8.2 1 78 §7 73 Texture class cL CL L L
" ww “mr-o
Bulk 1t
B umes density 1,22 1.34( 1.44
<1 <1 <1 <] ) Moisture % w/v at:
Saturation extract: - F O
Molsture % 45.0] 42.9
: PF 20 36.0] 31.0] 33.7 s
ECe (mmho/cm) : ke, 27.0 24.1) 26.3 =
mm :::: 23.31 21.0 21.6
“ " |
- pF 3.7
o pF 4.2 1
W_ THE
{020 cm) Laboratory no, 80 , 12421
Sum of cations(me/1)
2} PH-H,0 (1: 3 y/v) 7.8 Avallable | Totar |
e ‘ Exch.acidity (me/100g) Na(me/100g) 0.3 |
(+] " o% 0.08 K . 1.4
so, .. N% 0.07 Ca .. 17,1
g y P-Oisen(ppm) 5 Mg .. 4.2 -
Ad). SAR Mn .. 0.5 e
| cloy minersiogy: Al 26
Various
E"'ﬁh‘_’ﬁm e T
$I102/R203 . = R
|| Fe205(mmot — -
X—ray report: e | S
- eLer Blneral are prosent in snall amounte; || sl
= — = =
L o g | [ S
’_ SR . S AL il
E TS B |
Kenya Soll Survey




Ml classification
f rvation no./date
ation/altitude

_:j climatic zone
irent material

iography
ef
2 at site

rainage class

65-110cm

REMARKS :

when moist,

Roots are pre

-
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PsUA2
vertic* YERMOSOL
66-5; 18/10/80

Marsabit District; 37928'E, 1°54'N; 540 m

VIIi

Unconsolidated sediments derived from
undifferentiated Basement System rocks

Sedimentary plain

: Almost flat to very gently undulating

Brown to dark brown (7.5 ¥R 5/4 d
strong, fine to medium,
friable when moist,
medium pores; m
transition to:

0% (in sight depression)

Dwarf shrubland, dominated by Duosperma eremoplium
with perennial grasses as understory

Grazing

Moderate rill erosion, but deposition as well
: Nil
: In places a soft crust.

places piping.

Well drained, after heavy rains the depressions may

Generally cracking and in

be flooded for a short time

(sample no. 66- 5/1)

Colours as above; sandy clay, weak,
slightly hard to hard when dry, friab
when wet, many fine,
few, small, micas; grad

(sample no, 66-5/2)

Reddish brown (5 YR 4/4 dry).
coarse prismatic; s
sticky and plastic wh
coarse pores; slightly clacareous;
concretions; few, small, micas; gr

(sample no. 66-5/3)

(5 YR 3/4 dry and moist); sandy clay; massive,
hard when dry, friable when moist, sticky and
fine pores; slightly

park reddish brown
strongly cohere
plastic when we
calcareous; few,

nt; very
t; patchy slickensides; few,

small micas.

(sample no. 66-5/4)

sent to a depth of about 110cm.

crumb and subangular blocky;
sticky and plastic when
oderately calcareous; few, small m

few medium and coarse pores;
ual and smooth transition to:

ry and 7.5 YR 4/4 moist); sandy clay;

slightly hard when

wet; common fine, few

icas; clear and smooth {

medium to coarse, prismatic;
le when moist, sticky and plastic
slightly calcareous;

ium and

dark reddish brown (5 YR 3/4 moist); sandy
lightly hard to hard when dry, friable
en wet; many fine, few
very few, small, soft 1‘.‘ac<‘.l3

adual and smooth transition”to:
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LABORATORY DATA OF PROFILE DESCRIPTION No: 16

: OFthic SOLONCHAX, sodic phase

FIELD OBSERVATION Ne:  piax .
Laboratory no. .../ 8 9421| 9422] 9423 9424|9425 | 9426 Depth {cm) 0<1 [1-13 | 13-29 30-40| 50-70 [90-120 | 130-14
Horizon Azt | as2 | Az [Ba1  |me2 _ Gravel %

Depth (cm) 0-1 | 1-13] 13- 413 m

BH-HZ0(1a. viv) .80 92 9slog {og | og | g, || Sam%20-0.05mm 54 |18 24 22 12
PH-KCI o asloazl el astas las |ive St oos-oo0emm | . | . |, 24 124 18 12
EC(mmho/cm) .. 180 [ 35,0 {350 f150 390 003 18y % 0.002-0 mm a0 | 40 2 s £0 15
CaCOg (W) 6.9] 2.7 a4 7.4 6 | 6.2 [10.4 || Texture sc |sc |swsL| c c c c
Cas0, (%) Dispersed clay %

cm 9:6, 03] 03] 04 0.3 | 02 . _l-,_;' I Flocculation index

N %) Toxturs USDA:

c/N ‘*’ ' Sa0d % 2.0 ~ 1.0mm

CEC (me/100g), pH 8.2[ 23.0| 35.0] 45,8 49.0 /540 [s9.4 [ss.8 “ . 1.0 = 0.50mm

CEC .. . pH7.0 38.8) 43.6 40,8 | 46 | a2 o 0.50-0.25mm
Exch.Ca (me/1005) 11.1) 37.0) 16.8 [46.5 |17.3 [26.5 | 39.0 w . 0.285-0.10mm

. M. o4 1. 0.7) 1.8 | 0.8 1 | s S 1 010 0.08mm

. S 1.6 3. 3.8 1 3.2 | 38 | ¢4 || Towsmax

+ Na o, 19:4] 15.5) 144 1175 {144 [20.6 [20.2 Silt %

e e 2.4 57,4 30.7f65.6 [35.7 [a13 |70 || cwre
Base sat. %, pH 5.2 i 100 | ¢ 100 $5= Texture class

Tt NpHTO 1 e RGN T Bu'k density
ESP mt pH 8.2 = Moisture % w/v at:

Ssturation srxirsct: "o
Molsture % P“L 7

Lo TS [ 8.0 | 8.0 jFu
ECe (mmho/cm) 21.0]105.00100.0 hoo.o [40.0 "oy
Na(me/ 1) _ILL“

K w

e
.. X Laboratory no. /
Mdﬂw; —l Avalisble | Total

%:3"‘"’ || e aciaity ey 1009 Na (me/100g)

s - z
T P-Otsen (ppm) “g
Ad). SAR =

[ oy minersiogy: g 2ty
|_S105/A10 mot/mry :

8i0,/R20, ..

Foy0(mmolw)

| X=1ay ropor:
E
159
[ )
[ =08
[ ]
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1l classification
jervation no./date
stion/altitude
limatic zone

irface crusting
fainage class

125-140"cm

REMARKS:

material
. various sources
ography : Non-dissected lacustrine plain
:fot : Flat
at site : 0%
. tion 1 Bare
3 use : Only used as salt lick for wild and domestic animals
o ion : Nil
rface stoniness/rockiness 1 Nil

253

t PlnXl

: orthic SOLONCHAK, sodic phase

: 42-16; 15/9/81

. Marsabit District; 37°25'E, 3°55'N; 400 m

1 VII
: Unconsolidated lacustrine sediments, derived from

+ A hard, 3 mm thick salt crust forms the surface
: poorly drained, the soil is flooded once OX twice yearly

White yellowish, hard salt crust, abrupt and wavy transition to:
(sample no. 42-16/1)

Reddish brown (5 YR 4/4 slightly moist); dusky red (2.5 YR 3/2 moist)?
granular; soft when dry, very friable

sandy clay; strond. fine to medium,
when moist, sticky and plastic when wet; very many pores of various sizes;

strongly calcareous; many needle shaped crystals (puffed jayer); abrupt
and smooth transition toi

(sample no. 42-16/2)
park reddish brown (5 YR 3/2 moist); silty clay loam; porous massive,
moderately coherent; friable when moist, sticky and plastic when wet)
many » interstitial, not continuous, pores of various sizes; strongly
calcareous; frequent salt crystals; clear and smooth transition to:
(sample no. 42-16/3)

park reddish brown (5 ¥R 3/3 moist); clayi further similar as above,
put also thin, patchy, ¢lay cutansj gradual and smooth transition to:
(sample no. 42-16/4)

imilar as above; abrupt

Reddish brown (s YR 4/3 moist) s

and smooth transition to:
(samples nos.

clay; further s
42-16/5 and 42-16/6 from 50-70 cm and from

90~120 cm :up-ctivlly}

Light grey
1; very

Roots are absent.

The whole soil is

with a n=value petween 0.7 and

igh brown (10 YR 6/2 wet); clay:
sticky and plastic when wet; strongly calcareous
{sample no. 42-16/7)

strongly saline and strongly sodic.
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LABORATORY DATA OF PROFILE DESCRIPTION No: 4

FIELD OBSERVATION No: 43-5 MAPPING UNIT: PlnXa F E!M!Eﬂ takyric SOLONCHAK, sodic phase
Laboratory 90.- ¥y 437 9438 | 9439 Depth (cm) 0-20 | 20-35 35-50(S55-10 e
Horizon 1 J2cs2 | aces Oravel %

Depth (cm) 0 - = E
PHH00:2. 9/  |10.8 [10.9 [10.8 | 10.9 Sand % 20-008mm | 24| 32 | 30 IT)
kot % 9.8 110.4 J10.4 |10.4 Sit% o0s-0002mm [ 16| 38 | 28 | 36
EC(mmho/cm) .. 22.0 27.0 | 25.0 Clay % 0.002-0 mm 60| 30 | 42 16 £
Cac0og %) PPE A 2.3 Texture class el e ] e L
Cas0, (%) Dispersed clay %
C % 0.1 0.1] 0.3 | 0.1 Flocculation index
N (%) Texture USDA:
C/N Sand % 2.0 ~ 1.0mm
CEC (me/100g), pH 8.2| 36 o 28.4 (39,2 | 26.2 # 1.0 = 0.50mm
CEC .. .. pH7D 1 0.50=0,25mm
M.leﬂl‘lm B.6| 1.4 0.8 1.4 " v 0.25-0.10mm
. 0.6 ¢tr | 0.2 | 0.4 o 0,10 = 0.08mm
a K 0.9] 0.9) 1.0 0.7 Total sand %
W 34.3153.7 | 34.3 Silts
Sum of cations 108.2 | 36.6 | 55.7 | 36.8 Clay %
Basesat. % ps2 | o 100 100 | 100 Texture class
Yt % pHT.0 Bulk density
ESP at pH 8.2 sge ]l 100 100 Molsture % w/v at:
Satwation extract: oF 0
Moisture % 82.0|n.d | 28.3 | 43,9 pF 2.0
PH-paste 7.31nd | 9.0 9 PF 2.3
e shoron 150! n.d | 18.0 pF 27
Na (me/1) [ oF 3.0
- Neel PF a7
: i PF 4.2
" " Ferlllty aspacts: Laboratory no. 4
s ““WWU PH-HO0 (1: vy Avaliable | Total
:2:'_?” Elﬂl.ul‘llﬂm‘im Na (me/100g)
e c% K

Lmunluntnm -

4 v P (ppm)
Clay mineralogy: Varteus:

810,/Al /mol) 2T

8I02/Rg05 .,

Fe205(mmoln)

X=ray report:

___-_-_-'—_'_'——-—________
T ——— Remarks: ll_in_mmt_lm_gu free salts
i S
T ——— |
__--_-'-‘-—-—-________
__-_-'"_'--—-________
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] ation no./date
location/altitude
limatic zone
Parent material
Physiography

ace stoniness/rockiness

255

: P1nXA
: takyric SOLONCHAK, sodic phase

43-5; 11/9/81

: Marsabit District; 37°36'E, 2°59'N; 400 m

-

-

VII

Lacustrine sediments, derived from various sources
Non-dissected, lacustrine plain

Flat

0%

Bare

Only used as a salt lick for wild and domestic animals
Slight deflation. Deposition after heavy rains

Non to fairly rocky in places

‘Surface sealing, cracking t Very hard, cracked crust. Crust 1.5cm thick, cracks
' 1.5cm wide.
Drainage class 1 Very poorly drained. Once or twice a year the area

is flooded during a few days till a few weeks.

m ile description

AB 0-20 cm Reddish brown (5 YR 4/3 dry and 5 YR 4/4 moist); clay; strong, coarse
prismatic, breaking into strong, fine to coarse, subangular blocky;
hard when dry, very friable when moist, sticky and plastic when wet;
many medium and coarse, discontinuous,vesicular and interstitial pores,
many vertical cracks; strongly calcareous; few, small salt crystals;
abrupt and smooth transition to:

(sample no. 43-5/1)

Greyish brown (2.5 ¥ 5/2 moist); clay loam; massive, moderately
coherent, breaking into weak, medium to coarse, angular blocky; friable
when moist, sticky and plastic when wet; no visible pores; small cracks
filled with overlying material; strongly calcareous; very few, small,
soft CaCO, fibres; very few, small, micas and dark minerals; abrupt and
smooth trinuition to:

(sample no. 43-5/2)

€21 20-35 cm

ish brown (2.5 ¥ 5/2 moist); clay; massive, moderately coherent,
g;:{k:nq into weak, medium to coarse, angular blocky; friable when moist,
sticky and plastic when wet; few, brown, cutans (matrans); strongly
calecaerous; very few, small, soft CacO, fibres; very few, large, hard,
gypsum concretions (10 to 40 cm); very few, small, micas and dark minerals;
upt and smooth transition to:
RO (sample no. 43-5/3)

- 20z2 35-50 om

brown (2.5 Y 5/2 moist); loam; massive, moderately coherent,
gi:ﬁifﬁg into é..k, medium to coarse, angular blocky; friable when moist,
slightly sticky and non-plastic when wet; very few, small micas and

dark minerals

- 20z3 50-100 cm

(sample no. 43-5/4)

i On top occasionally a few rounded quartz gravels are found.
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LABORATORY DATA OF PROFILE DESCRIPTION No: 45

nn.nounumu« 42-23 MAPPING UNIT: AA2 SOIL ATION: Calcaric FLUVISOL, sodic phase
LSbormtory m0. ... /82| 7159] 7160 | 7161 Depth (cm) 0-25 [25-75 | 75-100]
Horizon A |la |e2 Gravel % '
Depth (cm) 0-25 | 25-75ps-100 __.“_L""" "
PH—H0(1; . wv) 8.6 (8.8 |9.9 Sand % 2.0-006 mm | 60 | 82 96
PH-KCI " 7.417.6 |7.8 Silt% 0.05-0.002mm | 30 | ;o 2 e
EC(mmho/cm) .. 0.14/0.14 | 0.14 Clay % 0.002—0 mm 10 | 8 2 -
| CaCoy (%), Texture class 8. |us | s e
Cas0, (%) Dispersed clay %
cw 0 171 0. Flocculation index o
N Textws USDA:
C/N Sand % 2.0 — 1,0mm
CEC (me/100g), pH 8.2 6.0 [3,0 |1.4 0 1.0 = 0.50mm X
GG .. PH 7.0 v 0.50~ 0.25 mm
Exch.Ca (me/1009 | h8.5 [14.0 v 0.25-0,10mm
1. AR 0.8 0.5 |er v 0.10- 0.08mm
X 2 O O Total sand % :
. 0.4 Jo.1 |o.3 Silt % =
Sum of cations 0.7 9.5 ha.g Clay %
Basesat. x. pHe2 |, 100 100 Texture class .
Y %pHT.0 Bulk density
P mpHaz 2 ds 12 ] Molsturs % w/y at: VRN
Saturation extract: oF 0 :
Moisture % oF 2.0
PH-paste PF 2.3
ECe (meho/cm) oF 2.7
Na(me/1) pF 3.0 = =
! 1 PF 3.7
Ca ., pF 4.2
L (0-20 omy Lsboratory no. 4, , 7121
Sum of cations(me/1) PH=H,0 (12, 5v/y) 9.0 Avallatle | Total
C0y (me/1) Exch. acidity (me/ 100g) Na(me/1009) | o
| oy c% 0.1 K 0.5
B N% 0.03 ¢ TN 20.0
br v P-Oisen ( ppm) 6 Mg ., 4.2
[ 8um of anicnsmar Mo, 0.3
Ad]. BAR P (pom) 450
Clay mineralogy: _v:.'-:.:
Al203(mol/mo) -
Woy/Rg0y ey e
[ Fea0gtmmot) Gl b
| X—ray report
L Remaris:

Kenya 8o0i| Survey
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SLE DESCRIPTION NO. 48

Fal site information

ing unit
‘classification
ffvation no./date
tion/altitude

limatic zone
Int material

t AA2

¢ calcaric FLUVISOL, scdic phase

t 42-23; 9/6/82

Marsabit District; 37°10'E, 2°39'n; 480 m
: VII

Alluvial deposits, derived from volecanic and

undifferentiated Basement System rocks

lography t Floodplain
t Flat to almost flat
at site : 0%

:1-tion * Acacia tortillis woodland with dwarf shrub and
grass understory

i use t Slight grazing

8ion : Moderate rill erosion and slight deflation with
occasionally deposition

face stoniness : Nil

face sealing, crusting : Moderately strong crust

iinage class

ifile description

0-25 eom

25-75 em

75-110%cm

t Somewhat excessively drained

Yellowish brown (10 YR 5/4 dry), reddish brown (5 YR 4/3 moist);
sandy loam; slightly layered with thin layers of silt to sandy
loam; porous massive; soft when dry, very friable when moist,
sticky and non-plastic when wet: many fine pores; strongly
calcareous; frequent, small, micas and feldspars; clear and
smooth transition to:

(sample no. 42-23/2)

Brown (7.5 YR 5/4 dry), dark brown (7.5 YR 3/4 moist); slightly

gravelly loamy sand; single grain; loose when dry and moist, non-

sticky and non-plastic when wet; strongly calcareous; frequent,

small micas and feldspars; clear and smooth transition to:
(sample no. 42-23/3)

Pink (7.5 YR 7/4 dry), brown (7.5 YR 5/4 moist); slightly gravelly
to gravelly sand; stratified, alternating sand, gravelly stIL
gravel or silt layers of varying thickness; single grain; %Ohh"
when dry and moist, non-sticky and non-plastic when wet; str
calcareous; frequent, small, micas and faldspars
(sample no. 42-23/4)

rong ly

Roots are present to about 70 cm depth. The gravel in the profile

consists of rounded basalt and subangular guartz and feldspars.
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LABORATORY DATA OF PROFILE DESCRIPTION No: 49

FIELD OBSERVATION No: 54-9 MAPPING UNIT: AA3 SOIL CLASSIFICATION: calcaric FLUVISOL
Laboratory no. .../ | 9457 9458 |ouse |_ Depth (cm) }q-u 15-35] 45-70 |75-100}110-150
Horizon ac |2 |2k f3c1  [3e2 | Gravel %
Depth (cm) 0=15 [15-35 }45-70 |75-100]|110-150 m
PH—H,0 (15 5v/v) 8.3 | 8.4 | 8.3 7.9 |8.2 Sand % 2.0-0.05 mm | 35 72 86 32 60
BH-KC " relags daa W satdae Slit% 0.05-0.002mm | 5, | ;¢ 4 46 | 14
EC(mmho/cm) .. 0.25)0.22) 0,20 | Clay % 0.002-0 mm N I T 22 | 26
CaCO3 (%) 0.8 0.9 |1.1 0.5 |1.0 Texture class SCL SL LS L SCL
CaS0, (%) : Dispersed clay %
C % 0.4 0.1 - 0.1 foa Flocculation index
N (%) Texture USDA:
C/N Sand % 2.0 ~ 1.0mm
CEC (me/1005). PH 8.2/ 19.0 [ 14.4 | 15.2 f24.7 | 27.4 e 1.0 = 0.50mm
CEC .. . pHT.O o 0.50~0.25mm
Sennemivte e Hialaza boas Far s v 0.25-0.10mm
v Mg . 2.2 1.5 1.2 | 2.1 1.1 « u 0.10 - 0.05mm
RN 1.6 | 1.1 0.9 | 1.2 0.8 Total sand %
n Na ., 0.2]1 0.1 0.1 | 0.6 0.6 Silt %
Sum of cations 32.0 |14.5 [19.6 [33.9 |29.8 Clay %
Sessom. w82 | 150 ] s00] i0o J10e | 100 Texture class
». s % M7 Bulk density
ESP at pH 8.2 Yo W 2 2 Moisture % w/v at:
Saturstion sxtract: pFO
Moisture % pF 2.0
pH-paste PF 23
ECs gmho/om) pF 2.7
Na(me/1) [ pF 3.0
sy oF 37
v ) PF 4.2
.~ m Laboratory no. 81 ; 9487 |
Sum of cations(me/1) PH=H,0 (1:2, 5v/v) 8.0 Available | Total
Oy (me/1) Exch. acidity (me/ 100g) Na(me/100g) | o 4
s~ c% 0.4 X
"% . N% 0.1 Ca 2.0
" p_mn{w 16 Mg 4.0
Sum of anions(me/1) i
Al SAR Mn 0.7 ¢
Clay mineralogy: P (ppm) p 1
. || Various: .|
Al /moly
8I0/R203 . |
Fey03(mmoi%)
Fewnus nig s = ]
Montmorillonite and kaolinite are both
Present in smaller amounts, Bintas
25
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OFILE DESCRIPTION NO. 49

il classification
gervation no./date
cation/dltitude

3! o-climatic zone
ant material

ysiography
elief
ppe at site

urface stoniness
arface sealing
rainage class

ofile description

0-15 cm
15-40 cm

2Ck 40-75 cm

IC1 75-106 cm
106-150"cm

REMARKS :

259

-

AA3

calcaric FLUVISOL

54-9; 8/9/81

: Marsabit District; 37°28'E, 2°3'N; 550 m

1 VII

: Alluvial deposits derived from Basement System rocks
and mixed with volcanic ashes

: Flood plain

: Flat, slope less than 1%

: 0.5%

: Grassland with annual and perennial grasses

-

:+ Heavy grazing
: In dry season after clearing of the vegetation severe

deflation
1 Nil
: Moderate slump crust
: Well drained

), dark brown (7.5 YR moist); silt loam;

strong, thin, platy; soft to slightly hard when dry, very friable when

moist, sticky and slightly plastic when wet; few, fine, pores; strongly

calcareous; frequent, small, micas; abrupt and smooth transition to:
(sample no. 54-9/2)

Very pale brown (10 YR 7/4 dry), dark brown (7.5 YR 4/4 moist); fine
sandy loam; porous massive, breaking into weak, medium to coarse,
subangular blocky; slightly hard when dry, very friable when moist,
slightly sticky and non-plastic when wet; many pores of various sizes;
slightly calcareous; few, small, micas; gradual and smooth transition
to: (sample no. 54-9/3)

Reddish yellow (8.75 YR 7/6 dry), dark brown (7.5 ¥R 4/4 moist);
slightly gravelly loamy sand, porous massive, breaking into weak, fine
to medium, subangular blocky; soft when dry, very friable when moist,
slightly sticky and slightly plastic when wet; many fine and medium,
common coarse pores; strongly calcareocus; gravel (3-4 mm) consists of
quartz and feldspars; few, gmall, micas; at 75 cm few, 3-4 cm large,
pieces of gravel; abrupt and smooth transition to:

(sample no. 54-9/4)

Yellowish brown (10 ¥R 7/6 dry

rown (7.5 YR 4/6 moist); loam;
hard when dry, very friable
when moist, slightly sticky and slightly plastic when wet; many fine and
medium, common coarse pores; strongly calcareous; frequent, small,

micas; abrupt and clear transition to:
(sample no. 54-9/5)

weak,

dry), dark brown (7.5 YR 4/4 moist); sandy

moderately coherent; from 106 to 110:
when dry, very friable when moist,

fine and medium pores, strongly

Reddish yellow (7.5 YRiG/G

clay loam; porous mass ve,

strgng, thin, platy: slightly hard

sticky and plastic w?en :et; many
lcareous; few, sma 1 micas

- 4 (sample no. 54-9/6)

Roots are present mainly to 40cm depth, some go up to 100cm depth.




LABORATORY DATA OF PROFILE DESCRIPTION No: 50

FIELD OBSERVATION No: 43-10 MAPPING UNIT:  aad SOIL CLASSIFICATION: orthic SOLONCHAK, stony and sodic phase
— e e =
Laboratory no. ... /82| 4345 | 4346 | 4347 | 4348 | 4349 Depth (cm) b-ls 15-40 |50-90 |95-130130-150|
Horizon A Bu |3ckz | 3cz1 [3cz2 Gravel % ‘
e——k o5 7% Texture, limited .
Depth (cm) 0-15 5-40 50-90 95-130 |130-150 S
pH—H,0(1:2.5v/¥) 8.3| 8.8 8.0 | 7.8 1.7 Sand % 2.0-005mm | 78 | 78 60 60 68
pH=KCl = .2 7.4l 7.5 | 1-4 7.4 Silt % 0.05-0.002mm | 10 8 12 24 16
EC(mmho/cm) .. 0.2| 0.8] 5.0 | 8.5 9.5 Glay % 0.002—0 mm Eemas 1 28 | s 16
Cacos (% Texture class sL | st | scu| st 8L |
M!N_' Dispersed clay %
co 0.12| 0.07 o0.04]0.10 | 0.09 Flocculation index
N (%) Texture USDA: =
C/N Sand % 2.0 — 1.0mm J
CEC (me/1000) PH82| o | ¢ |30 12200 | 200 w10 = 0.50mm
m w o w pHT.O o 0.50=0.25mm
Exch.Ca(me/100g) |12.6| 9.4 32,2 | 24.5 | 32.5 1 0.25-0.10mm T
o, N dsdvaie] si2) 8.7 ) 8.9 } 50610 - 0, 0w oo ST
o e LT R Total sand %
vo W bt wRlcaa ] s | 3 Silt % 1
Sum of cations 18.7 [13.1 [ 40.4 | 36.2 | 43.9 Clay %
Base sal. %, pH 8.2 100 | 100| 100 100 100 Texture class i
woo % pHT.0 Bulk density
ESP at pH 8.2 3 12 10 18 17 Moisture % w/v at:
Saturation extract: oF 0 N
Molsture :
A o330 Lazo 1320 PF 20
pH=psts pab 3 94 pF 23
ECe (mmho/cm) 4.5)26.0 | 45.0 | 40.0 oF 2.7
Na(me/1) pF 3.0
TR oF 3.7
Ca . oF 4.2
- —Ferllity aspects: S
- |__(0-20 ¢m) aboratory no.  82/4393 |
Sum of cations(me/i) PH=HZ0 (1: , w/V) e Available | Total
‘%F":') Exch. acidity (me/ 100) Na(me/100g) | .3
:oi c% 0.14 K 0.7 |
S0 i N% 0.03 Ca 231.0
2 P_Otsen (ppm) 9 Mg . 9.
Sum of anions(me/1) y —
dl, SA a Mn 0.4
pr P (ppm) - sy
s w: Various:
SIO{Msz;M,
§I0,/Rg05 .
Fa0;(mmol%) =
¥ —ray report: ]
I ———
= Remarks: ==t

Kenya Soil Survey



OFILE DESCRIPTION NO. 50

classification
ation no./date

use
ion
ace stoniness/rockiness

nage class

rofile description

0-15 cm

Brown (7.5 YR 5/4
loam; very weak ,

when dry, Very
b wet; many pores of different sizes;
) consists of basalt, olivine, augite and quartz)

261

t AA4
orthic SOLONCHAK, stony and sodic phase
43-10; 26-3-82
. Marsabit District; 37°57'E, 2°34'n; 840m
s VIL
Alluvial deposits derived from volcanic rocks,

inclusive ashes

: Flood plain
Flat to almost flat
0.5%

:+ Very low cover with Indigofera dwarf shrubs and
some annual grasses

. Seasonal grazing
strong splash and rillwash, moderate deflation

: Nil to fairly

. Well drained

stony and gravelly

dry) , dark brown (7.5 YR
fine to medium, granular
friable when moist;

4/4 moist)i gravelly sandy
and subangular blocky; soft
non-sticky and non-plastic when
strongly calcareousi gravel (<lem)
gradual and smooth

transition to:

15-42 cm

42-48 cm

| of subangular pasalt

48-93 cm

I sandy clay
| when dry,ve
: moderately

strongly calcareous;
fine gravel consists
and smooth E

Brown
massive,

93-130 cm

slightly sti
strongly calcareous;

130-150"em Reddish

sandy loam: weak,
friable when moist,

dry s
thin,
few, small,

Essentially the same as above, but structure is very weak,
medium, subangular blocky; abrupt and smooth

As above but with texture of very stony sandy loam,

prown (7.5 YR 5/4 dry) « dark brown
loam;
ry friable
thick (clay) cutansi

(7.5 YR 5/4
weakly coherent;
cky and plastic when webt;

prown (5 ¥R 5/3 dry).

(sample no. 43-10/2)

fine to
transition to:
(sample no. 43-10/3)

stones consist

(<10cm)

(7.5 YR 3/4 moist): slightly gravelly
slightly ha

. sticky and plastic when wet; patchy
fine and medium, few coarse pores;
medium, soft CaC concretions;

(40%) 0]
lava and weathered oliaine: clear

frequent
of gquartz,

ransition to:

(sample NO- 43-10/4)

dark brown (7.5 YR 3/3 moist) sandy loam;

soft when dry, very friable when moist,

very few; fine and medium pores;
transition to:

dry) +

abrupt and smooth
(sample noO-. 43-10/5)

dark reddish prown (5 YR 3/2 moist) s
medium to coarse, angular blocky? glightly hard when
non-sticky and non-plastic when wet: patchy,

cutans; few pores of various sizes; slightly calcareous;

salt crystals.

(sample no. 43-10/6)
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LABORATORY DATA OF PROFILE DESCRIPTION No: 51

FIELDOBSERVATION No:  55-10  MAPPING UNIT: AAS SOIL CLASSIFICATION: haplic YERMOSOL
Laboratory no. ... /82| 4320 | 4321 [ 4322 Depth (cm) 0-15 15-53] 60-11(
Horizon A | a e Gravel % |
Oepth (cm) i3 Jo60 160210} W
PH-H,0(12.5v/v) 7.8 | 8.8 | 8.2 Sand % 2.0-008mm | 26 | o¢ | 38
pH-KCI - 189 [T.0]71 Silt % 0.05-0.002mm | 22 20 14
EC(mmbo/cm) +. 0.29) 0.09)| 0.09 Clay % 0.002—0 mm 52 | 54 48
CaCOg (%) Texture class c c c
G50, (%) Dispersed clay %
) 0.17) 0.11] 0.19 Flocculation index
N Texture USDA:
C/N Sand % 2.0 — 1.0mm
CEC (me/100g), pH 8.2 27.0 31.1_;!_5-‘ v e 1.0 = 0.50mm
CEC . . PHT.0 W e 0.50-0.25mm
Exch.Ca (me/100g) 30.2 | 34.5 [22.5 w o 0.26-0,10mm
v Mg . 14.5 | 16.7 5.5 “ e 0.10-0,05mm
n K 4.1] 4.1013.0 Total sand %
» Na 0.7] 0.9]1.0 Siit%
Sum of cations 49.5 | 56.2 [42.0 Clay %
Base sat. %, pH 8.2 100 | 100 |100 Texture class
"t %pHTO Bulk density
ESP atpH 8.2 3 Sl e Moisture % w/v at:
Saturation extract: pF O
Wolsture % pF 2.0
PH—paste pF 2.3
ECe (mmho/cm) pF 2.7
Na(me/1) pF 3.0
R o 37 =
Ca v PF 4.2
Mg .. W =
(0-20gm) atory no. B2 4 4412
Sum of cations(me/I) = !
e PH-H,0 (13 sw/v) 7.9 Available | Total
Exch.ac
B = idity (me/ 100g) Na (me/100g) o
r— . 0,75 £ . 0.9 |
ﬂ‘ x N% 0.10 Ca .. 26.0
s z F-Olten(pe 12 Mg .. 19,2
Ad]. SAR Mn .. 0.2
Clay minsralogy: Vertaus: P ieer) =
[ 8107 Alz03(mot/ mol)
8I02/Rz0; .
’ F 830 (mmol%)
:' X—ray report:
y Remarks:
4 H
y—

Kenya Soll Survey



LE DESCRIPTION NO. 51

: AAS

: haplic YERMOSOL

: 55-107 17/3/82

. Marsabit District; 37%35'g, 2°30'N; 450 m

s VII

: Alluvial sediments derived from various sources

: Floodplain

: Flat

: 0%

: Bushed grassland with Acacia tortillis,
salvadora persica, and perennial grasses as the
most common species.

: Grazing and wood cutting for building materials

: Strong rill erosion and moderate deflation
Seasonally deposition may take place as well.

: Nil

:+ A strong gurface crust is present

. Moderately well drained. Flooding may occur
twice yearly for a few days.

Light brown (7.5 IR 6/5 dry)

moderate, medium to coarse pr

to medium, angular plocky; ha

pores:,moderately calcareous;
(gample no.

weak, medium to coarse prisma

pores; moderately calcareous;
(

sample no.

vellowish red (5 ¥R 5/6 dry)
massive, moderately coherent;

sizes; strongly calcareous; V
{(sample no-.

Roots are present to a depth

dark brown (7.5 YR 4/4 moist); clayi
ismatic, preaking into strong, fine
rd when dry, very friable when moist,

gticky and plastic when wet; many fine and medium, common coarse

clear and smooth transition to:

55-10/2)

tic, breaking into moderate

medium, angular plocky; hard when dry, very friable when
sticky and plastic when wet; many. fine and medium, few coarse

gradual and smooth transit
55-10/3)

reddish brown (5 YR 4/4 mo

prown (7.5 YR 5/5 dry), yellowish red (5 ¥R 4/6 moist); clay:

, fine to
moist;

ion to:

ist); clay.

1ightly hard when dry, very friable

when moist, sticky and plastic when wet; many pores of v

ery few, medium CaCO, coner
55-10/4)

of more than 100 cm.

arious
etions
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LABORATORY DATA OF PROFILE DESCRIPTION No: s2

cambic ARENOSOL sodic phase overlying

.. EL -4 UNIT: SOIL TION: orthic SOLONCHAK, sodic phase
Laboratory mo. .../ 51l 649 9431 4 ad3s Depth (cm) 0250 160100 }100-130{135-145]150- 140 190-220 |
Horizon A | amb | cbr |cb2 |2ca1 | 2022 Gravel %

_ _&ﬂ_ fo-s0 ko-100] 100-13d 135-14 150-180 | 190-220 m

| L WD T P I 10.5 4 20.5 || Sendn20—-006mm | 98 | 96 | 88 | 04 | 46 30|
-KCI . 84 1 8s5]82)es | e, 9.4 || St% 005-0.002mm | , | 6 6. 110 - | 18
EC(mmho/cm) .. 0.25 | 0.15] 0.25| 0.45| o0.55 6.0 Clay % 0.002—0 mm 0 0 6 0 44 52
_CaCOg(w) Lo b adosis Lol as 2.0 || Texture ciass s s s s sc c
e‘l@ Dispersed clay %
cm 0.06 | 0.03] 0.06) 0.03) 0.07 0.06 || Flocculation index |
N (%) Toxturs USDA: m
C/N Sand % 2.0 — 1.0mm
CEC (me/1009), p 8.2/4.8 | 6.6 [13.0 | 5.4 [35.5 7.8 & D~ 0.00mm
CEC .. .. pH 7.0 v v 0.50-0.28mm
Exch.Came/1009) 5.6 | 9.3] 5.5 .71 2% 5.6 v v 0.25-0.10mm __i]

A, SN 9.5 | o0.6) 1.1 | 0.8 | 1.0 1.0  ++ 0.10~ 0.05mm

S, S 2:2 lo.alos] 0.3 ol 1.7 || Totat sand %

» Nao . R E TN TR i 86.7 || siit%

Sum of cations 6:9 Ju1.4013.4 14.9 38,0 | 95.0 || Claym

s it ) T PP 100 | 100 | 100 100 || Texture ciass

v v % pHT.0 Bulk density

ESP at pH 8.2 11 20 | 20 |es 23 >100 Moisture % w/v at:

Satwration extract: PFO

Molsture % oF 2.0

PH—paste oF 23

ECe (mmho/cm) pF 2.7

Na (me/1) pF 3.0

S oF 3.7 -
it PF 4.2
- M Wﬁl 2m Laboratory no. g1 /9483
Sum of cations(me/I) PH=HZ0 (1:2 5v/v) 8.5 Avalisble | Tota!

| COy(me/1) Exch. acidity (me/ 100g) Na(me/100g) | o ,
0y < C% 0.17 X 0.3
N N% 0.04 ga . 10.3

T P-Otsen(ppm) 9 Mg 2.4 =

Sum of anions(me/) Mo . 0.2

Ad). SAR P (ppm) 3
Clay minersiogy: Various:

[ 3102/Al303(mol/ mol)

Foz0(mmoiw)

X—ray report:  Small amounts of Rontmori1lionite and i111ite

are
moderate amounts of montmorillionite and

illite are present,

T

-—

|

Kenya Soll Survey
Drwwing Mo 080




DFILE DESCRIPTION NO. 52

apping unit
il classification

pservation no./date
cation/altitude
gro-climatic zone
arent material

face stoniness
rface sealing
frainage class

Profile description

0-60 cm

60-130 cm

plastic
small,

b 130-145cm

when moist,

zb 145-180 cm

pores;
CaCO, i abrupt

b 180-230"cm park brown (7.5
moderate, fine,

no

REMARKS :
strongly sodic,
well, In

In general

Light brown (7.5 YR 6/4 dry),
single grain; loose when dry and moist,
tely calcareous; very few,
gradual and smooth transition to:

when wet; modera

5 YR 5/6 dry), reddish brown
gand; massive, weakly coherent to moderately
to hard (deeper) when dry,
when wet;
dark minerals; gradual

strong brown (7.

Brown (7.5 YR 5/4 dry),
slightly layered; masaive,
non-sticky and non-plastic when wet; common, fine pores;
strongly calcareous; very few,
few, small, dark minerals

park brown (7.5 YR 4/2 moist);
prismatic; very hard when dry
when wet, moderately thick,
1-4 mm wide, vertical cracks, partly filled with

overlying horizon; strongly calcareous; very few, medium,
and smooth transition to:

moist, sticky and plastic when wet; thick,
pores; moderately calcareous;
concretions; few, salt crystals

Roots present to more than 1.00 m depth.

265 :

: DXA
: cambic ARENOSOL, sodic phase overlying orthic ‘
SOLONCHAK, sodic phase '

: 43-4; 5/9/81
: Marsabit District; 37°27'E, 2°35'N; 420 m
: VII |
: Aeolian deposits, from various sources, overlying |
various material (Pleistocene)
1 Dunes
: Irregular, undulating to rolling, with flat inter-
dunal areas
: 12%
: Indigofera spinosa dwarf shrubland with annual
and perennial grasses as understory and mainly

Euphorbia cuneata shrubs
: Heavy grazing
: Moderate splash and rillwash and slight deflation
: Nil
1 Nil
: Excessively drained

brown (7.5 YR 5/4 moist); medium sand;
non-sticky and non-plastic
small, dark minerals;

{sample no. 43-4/1)

(5 YR 4/4 moist); medium
coherent with depth; soft
loose when moist, non-sticky and non=

fine pores; strongly calcareous; very few,

and smooth transition to: ‘
(sample nos. 43—-4/2 and 43~4/3 from 60-100 and from I
100-130 cm respectively) J

common ,

coarse sand;

reddish brown (5 YR 4/4 moist);
loose

moderately coherent; hard when dry,
medium, soft l::at:l:i3 concretions; very

gandy clay; strong, medium to coarse
friable when moist; sticky and plastic
cutans (matrans); common fine
sand from

soft and hard

continuous,

(sample no. 43-4/5)

YR 4/2 moist); clay; with black and white mottles; ]
angular blocky; hard when dry, friable to firm when

continuous, cutans (matrans)

very few, medium, soft Caec03

(sample no. 43-4/6)

The whole profile is
the underlying fine sediments are strongly saline as

this profile a buried AB horizon was present in the dunes.
cambic characteristics
In the interdunal flats, strongly saline,

oceur in the dunes.
clay soils are dominating.
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Appendix 5, SUMMARY OF FERTILITY STATUS OF THE TOPSOIL OF THE

DIFFERENT MAPPING UNITS

mapping available nutrients 1)
unit 3 Ca Mg P c CEC pH

(me/100g) (ppm) ($) (me/100q) (H20) remarks
Muc 0.25 1.0 Sad 4 0.6 5 6.5
MV1 0.14 12,2 743 5 4 30
MV2p 0.48 15.9 8.6 8 38 6.3
Mve no data
MPP 0.32 10.7 10.0 2 2 30
HUP 0.42 6-40 327 18 0.3 1o 7.8
HVP see FV2p
HP1P see MPp
HP2p 0.50 37.0 4.0 6 0.3 25 7.6
ulvl 0.25 7.8 7.5 11" 2.5 30 6.2
Uulv2 0.9 12 6.4 1o 16k 20 6.8
ulvip 1.1 14.0 6.0 1o | 21 6.6
U2F1 0.8 T2 325 16 0.3 15 7.8
U2FA 0.9 8.4 3.3 20 0.2 14 748
Lsvip 1.34 19,0 6.0 12 0.08 8.1 8.8
Lsv2 0.9 5.6 4.6 4 1 25 6.8
LsV3p 0.16 10.7 10.0 2 0.8 37 8.8
LsvCl 0.64 32,2 5.6 7 0.3 20 8.1 P : 3 to13
Lsvc2 as LsvCl
LsXp 0.40 10.9 3.4 15 0.1 3.6 9.4
Lnvl 0.42 34.0 3.4 3 0.1 11 8.8
1.14 32,0 . 4 0.08 30 8.2
LnV3p 0.52 37.0 3.8 7 0.3 35 8.5
LnV4p 0.22 763 8.9 3 0.2 10 8.1
0.52 14,0 7.4 17 0.4 35 7.3
1.24 9.4 8.4 7 i 15 7.9
. see FV1p (lower slopes
| 1.3 15.7 8.3 5 1 35 6.8 (middle slopes
" 0.20 14,3 10.0  216* 1.5 30 7 (upper slopes
RVC no data
[,| FUl 0.47 2.6 2.7 10 0.2 5 8.0
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ndix 5. (contd).

ping available nutrients 1)
K Ca Mg P c CEC pH
(me/100g) (ppm) (%) (me/100g)  (H20) remarks

0.62 4.5 ik 26* 0.3 6 8.0 upper slopes

0.75 6.9 2.9 15 0.2 12 7.0 lower slopes

0.71 27 3.6 11 0.3 26 8.3

0.40 29 8.4 3 0.2 33 8.6

1.0 34 6.8 10 0.6 11 8.9

0.30 33 5.4 3 0.2 33 9.2

0.47 41 5.0 6 0.3 20 8.3

0.57 37 7.0 23* 0.5 30 8.4

no data

0.63 30 5ab 9 0.3 30 0.6 ' Ch1 0y1=G/5
(high ESP)

0.46 35 6.0 5 0.5 30 8.5

no data

0.22 0.6 2.4 3 02 4 8.2 high ESP

no data

0.8 21.5 4.8 12 0.1 4 8.3

0.98 10.8 . 4.4 17 0.3 8 8.0 €: 0,2-0.57
Ca:4.6-25.0

1.0 3.0 3.4 13 0.2 10 7.8

0.32 10.7 10.0 2 0.15 14 8.0 CEC: 8-20

0.54 +12.5 3.9 2 5 | 0.2 15 8.5 moderately
high ESP

051 3.7 2.5 9 Q.15 8 8.3 high ESP
where B at
surface

0.78 AlL7 3.1 15 0.2 9 7.8

0.58 4.0 2.0 19% 0.2 5 7.4 fertility of
depressions
higher

no data 0.6 40 9.0 extremely
saline and
sodic

L] L 0-3 25 9.8 "

0.58 29.0 5.6 5 0.2 28 9.2 moderately
high ESP

151 14.5 4.1 loo* 0.3 var. 7.7 all data

variable
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Appendix 5 (contd.)

mapping available nutrients 1)
unit K Ca Mg P c CEC pH
(me/100g) {ppm) (%) (me/100g)  (H20) remarks
AAl no data
AA2 0.57 1o 4.5 i 5 0.2 6 8.0
AA3 0.59" 11 2.6 14 0.2 14 8.2
An4 DIr2T | 23 9.4 9 0:X 9 B3
AAS 0.88 26 19.2 12 0.2 27 7.0
AAC 0.47 30 4.5 6 0.2 20 9.0 wvariable
data
DXa 0.25 9.8 1.9 8 0.15 4 9.4 high ESP;
depressions
strongly
saline

1)K, Ca,; Mg : Mehlich analyses
P : P - Olsen unless with an asterix (P* = p = Mehlich)
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