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A preliminary Evaluation of the Irrigation Suitability of the Tana Ddlta
INTRODUCTION

At the request of the Tana River Development Authority, a site
evaluation of the soil conditions of the Tana Delta.was carried out, This
area lies on the east and westemn bank of the Tana Piver and stretches
from Garsen to the mouth of the river. The field work vas done on 14-18th
January and 3rd - 8th Feb. 1975.

Like the pre-delta area (cf KSS site evaluation report no. 15) there are
a few minor irrigation schemes under operation in the Tana delta zone (0da,
Ngao) while at the mouth of the river (Kau village) paddy rice cultivation
- on-the-high~tidal-floods is being practised without government support.

The present study should enable the Tana River Development Authority to
determine whether any large-scale irrigation development in the Tana delta

is feasible, and also assess 1:}%1“1@ to irrigation developrent upstream
(Bura=west and Bura=-cast). A partially irrigated commercial estate, bounded I
by dikes (Bellazoni or Sadani estate) was in operation from 1912 to 1931,

e accompanying map indicates the location of Bellazoni estate (about 2
10,000 acres)s The estate was used for growing cotton perak rubber, |
coconut, maize, cassava and rice, Rice was/painfed but augmented by floods.
Pice as well as other crops were said to bc doing well, Cattle was raised

at small scale but they were virtually wiped out by cast coast fever and |
rinderpest. The estate was said to be abandoned mainly because of the 193]
slurp which rendered the estste wnecomomic. (cf. Palmer 1951; Ancn. 1953).

A detailed soil and topographical survey of the estate wvas carried out in
1953, but the resulting maps camnot be traced. Bellid lab data (1953) on the
samples however suggest that at least two-thirds of the arca (the .southerm
part) is unsuitable for cultivation because of high salinity.

41so from Beckley's report (1934) and our own investigations in the
surrounding areas it bocomes apparent that at least a part of the soils are
saline and are acidified on drying, besides showing irreversible shrinking.
Moreover, tha dykes that were constructed reduccd the regular flooding which

resulted in reduction of silt deposition within the ecstate, The enclosed
arca settled and in the course of time it became relatively lower than the
surrounding land. In the event of the breaking of water through the dykes,
the enclosed area became more vulnerable to damge by the floods.

In preparation for the fieldwork, aerial photos 1350,000 of R.A.F, 1969
were used for preparing a physiographic photo-interpretation map of the
whole area. This map was then used to locate observation points, It must
be pointed out that the area under study covers many thousands of hectaree
and is also extremely inaccessible, even by Landrovers. This situation
necessitated the use of 2 helicopter which cculd easily hop around and land
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on predetermincd cbservation points. The Tana Piver Development Authority

therefore kindly arranged for the use of a Police helicopter for two days.

Under such circumstances, the relatively few cbservations (35 augerings)

gave an adequate first insight. Beckley's data of 1934 could also be used

to a degree although they are located mainly on higher ground along the river

course, L few water samples were also collected for laboratory analysis,
This report and the accowpanying map is only a very preliminary invesigation

of the Tana delta. Before any large scale irrigation scheme could be

embarked on, it will be necessary to carry out a semi~detailed soil survey

of the area as well ss studies on hydraulic and topographical aspects. Scil

physical properties will also have to be investigated, both in the field

and the laboratory. The cooperation of lr, Classen of Ministry of Water

Development and Mr, Trump of the TRDA in procuring = former soils and crop

data is gratefully acknowledged.

2, ENVIRONMENTAL CONDITIONS

2.1, Location and Commumnications:

The area under investigation consists of about 2114700 ha and
forms part of Tana River district and a small part of Lamu District,
The area lies approximately within the longitudes 40° 05' and 40° 'R
end latitudes 2° 17' and 2° 40'S. The larger shopping centres namely
Garsen, Witu and Kipini cre found at the edges of the surwey aroa, Garsen
is important in that the crossing point over the Tana by a ferry
(Vinistry of Works mnual ferry) on the main Malindi-Lamu road is
located at the town. The town is alsc a fueling point along the
Malindi-Garissa road, Other smaller villages such as Ngao, Oda,
Samikaro Idsowe are located @ the high lying parts of the Tana River
levees.

The main road from Malindi via Garsen and Witu to Lamu is the
only all-weather road in the area. It is to be noted that during
excessive floods some parts of this road are damaged and consequently
communication by road is completely cut off. On the westemn bank of
the Tana, the only villages that have feeder roads to the main Malindi-
Carsen road are Karawa and Ngao, On the Eastern bank, Dida Weredi has
a feeder road from the Carsen-Kipini road, crossing the floodplain,

River Tana is extensively used Ly the inhabitants for transport
of people and cargo such as fish by cance, The extended floodplain
is virtually inaccessible by any motor vehicles,
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2.2, Geology, Geomorpholepy and Drainage:

A small southern part of this area is covered by the geological
report No. 52 (Geology of the Hadu-Fundilsa arca lorth of Malindi
by L.A.J. Willioms). The rest of area is covered by a draft geological
reconnaigsance of the Lamu=Calcle arca (unpublished maps and reports
of Matheson 1961).

The floodplain consists of recent alluvial sands, silts and clays of

the Tana river. Further silting continues at the present time as

a result of the biannual flooding., Other recent deposits include marine
sands, muds and coastal dunes. The terraces (T) consists of Pleistocene
marine sands and clays while the ridges (L) are composed of Pleistocenc
sands,

The floodplain is gencrally flat and extensive and is only a
few metres above sea~level, The only recognizable mesorelief features
are the branching, abandoned river streams, their levecs and backswaups.
The terraces rise from the floodplain through gentle slopes to an elevation
of about 5 m. The ridges rise from the terraces through wore abrupt
slopes than the former to heights of about 15 m abowe sca~level, Most
of these ridges are elongated and have a curved south-west to north=
cast direction, The Holocene coastal sand dunes appear as parallel
ridges of about 20m high., Their continuity along the coast is broken
up by former and present mouthigs of the Tana river;

The Tana is the only permancnt river in the area flowing southwarde
in a series of meanders turning eastwards to its present mouth at Kipini.
The course of the river has chanped its course in the course of time
leaving hehind two abandoned river courses namely Mto Tana in the
centre and Mto Kilifi towards the western margin of the alluvium, This
change of course was aided by the construction of the "Dellazoni canal"
by the Sultan of Witu in 1865, connecting the original Tana with the
short river Oei near Kipini., Flooding takes place twice a year in
May = June and November = December to an average depth of 30 = 60 cm.
Extra supply of water comes from shallow wells in the Holocene sand
dunes, OQuantity of water from such wells is small but it is froshe

2.3, Chmate:

The bulk of the ares under investigation lies within the semi-arid
climatic zone. Mean annual rainfall decreases from the coast towards
the inland,

Kipini, Witu, Ngao and Garsen have wean annual rainfall of about
1070 mm, 1095zm, 760mm and 570mm respectively. For Bellazoni Estate
nearly complete monthly rainfall records are available from 1921 to 1953,
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The rainfall has a bi-modal pattern that is fpril to July with maximun
rain in }ay, and November to Decerber (Teble 1).
Virtually the vhole of this area lies in a zone of 20 - 30% probability
of obtaining less than 750 mm rainfall.

Thoug: the tempcratures are high througiout the year, the arca
can be divided into two ZONCSe
} small area along the coast has termperatures ranging from 2% - 3°c
while the rest cf the area has temperatures renging from 0 - 34°c.
rotential evaporation is also high ranging from 2200 to 2400 mm per
year.

With the preveiling climatic conditious, rainfed arable farming
is hardly pessible. But with availahle water from the Tana, extensive
irrigation devalopment would be possible provided that the soils are

suitable and flooding can be controlled.

Table 1.

Average monthly distribution in .

Jan Feb Mar IpY May Jun Jul Aug Sept pet Nov Dec Mnual ofﬂg;‘

for averag:

JRE— -...—--......-—-—---..

27 8 42 141 340 136 715 4 s S4 10 gs 1070 48

26 9 3 129 291 150 pg 52 65 58 96 99 1000 36

22 11 S8 116 113 7% 38 3 77 48 95 64 760 6

17 14 44 124 164 93 67 63 sg 719 139 72 9% 9

23 7 32 108 253 s 76 54 g 59 B8 930 22

2.4 Vegetation, Land use and Population |
arca can be divided into four main zones. 1

The vegetation of the |
In the zone covering the floodplain oo poth sides of Tana, the \
dominantly tall olephant orass and

vepetation is composed of pre
other species of grasses. » second zoné which is found on both sides \

of the Halindi-cauen road has buahlmd wgetation cover. Various |

species of Acacia are found ino this zone. On poth sides of the Carsewm

Witu road, the vegetation is prcdumi.mtly voodland . - Isolated pat:,hu
of forest are also found in this zone. s
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Mangrove swamps exist extending from the coast along past and
present mouths of the Tana river,
Virtually the whole of the floodplain is used for grazing in dry —
periods. During the flooding period, families together with their
herds move to the high lying and dry land on the terraces, ridges and
levees., Subsistence farming takes place on a small scale especially
on the western bank of the Tana, Cultivation is concentrated on the
levees but parts of the backswamp are used for growing rice. The mein
annual crops include rice, sugarcane, maize, beans, cassava, sweet
potatoes and pumpkins, The biannual/ perennial crops include pawpaw
and mangoes, The terraces and ridges are primarily used for grazing.
Around Ngao settlement, the sandy ridges are used for growing tree
crops such as mangoes.
The Tana river contains fish which forms part of the staple food
for the local population, Some of the fish are exported to larger
towns such as Mombasa and Malindi. The Tana supports herds of hippos
which at times are a menace to farmers, Other wild game existing in
the area include waterbucks, various specics of monkeys, and a few
elephants, This wildlife is particulerly common in the stretch of
coastal marshes beyond the duncs.
The inhabitants of the arca are the Pokomos but Somalis have of
late migrated from the North East of the area in search of good grass
for their animals on the eastern-bank floodplain, The population
density as per 1962 census was low, 1 = 10 persons per 8q. km,
The prevailing climatic and flooding conditions do not favour a large
population. In future however major agricultural developments could l
lead to migration of population from other areas. ‘

The: sodde:
3.1, Introduction

The provisional mapping of the soils was done on physiographic
basis, relying very much on photo~interpretation and a limited number
(35) of field observations. Extra data (19 Observations) on soils
ﬁet_'éhégﬁained from utl.i_;' investigations carried out in the same arca
by Mr. Ootes and analysed by Mr. V.A. Beckley in 1933/34 (re-numbered
as observation numbers 179-40 to 50 and 187-10 to 16). No field tests
were performed due to shortage of time and lack of means of
transporting thc necessary equipment to the observation li&&y:"l‘ha
exact location of some of the observation sites could not/be established
accurately owing to the smoothness of the terrain and lack of any easily

identifiable ground marks.

.'.l.,‘
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There are however extemsive etretches of homogencus areas, therefore [

slight misplacement of a few observation eites do not seriously affect
the soil boundaries. Little study was carried out on vegpoetatiom,

consequently the descriptions given in this report is very gemeralised.
3.2, Floodplain:

The flocdplain consists of two main land units, each of them is
again sub~divided into twe. The first unit, of floodplain proper, is
subdivided into: river basinland (Pbl) and estuarine basinland (Pb2)°
The second unit, levee land (that is just abowe present day normal
flooding), is subdivided into: river levee land (F11) and estuarine
levee land (F12).

Unit g_hr' "1 comwprising of 38,455 ha is extensively flat, without any
appreciable meso and micro-relief. The land is flooded twice a year
till a depth of 30-50 em. The soils consists of heavy clay till 2-3
m depth or more, underlain by stratified sandy scdiments.

The topsoil (20-60) consists of very dark gray (10¥YR 3/1) heavy
clay which is hard when dry and also cracks rather strongly. The
orpanic matter content is fairly high (varying between 2 and 3%0).The top~
soil is non-calcarcous, non-saline and non-alkali., Transition from
topsoil to subsoil is gradual,

The subscil is predominantly grayish brown (10YR 4/2) and slightly
mottled (yellowish and reddish mottles) heavy clay with firm to very
firm consistence, but not a hardpan, The bulk of these soils are
non=-calcareous, nonsaline and non-alkali, In places however, the
soils are slightly saline and slightly to moderately alkali (EC 7-14
muhos/cm; ESP 16=30%: Mollic Cleysol.). The salinity and alkalinity
characteristics appear normally below 100 em depth. This umit however
is the most suitable arca for irrigaticn development, especially for
paddy rice, The hydraulic conductivity of the soil is very low (1 em/
day, cf. site evaluation No. 15) thus deep drainage would be considerably
hindered,

The unit is larpely covered with a dense mat of tall grasses, At the
moment extensive grazing is the main use of the land during the dry
periods,

Unit ¥b2 comprieing of 13,815 ha, is extensively flat with microrelief
of pilgai and cowfoetoes. Like unit Pbl, this unit is flooded twice
a year, The soils consist of heavy clay till sbout 100 cm, depth and
therebelow the soils vary in texture from sandy clay to sandy clay
loam, the clay content decreasing with increase in depth,

The topsoil (20 = 40 cm) consists of very dark gray to dark gray
(10YR 3/1 = 10YP 4/1)light clay or heavy clay, which is very hard when

...!.”
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dry and cracts strongly on drying. The organic patter content is only

fair (about 2!'1:) . The topsoil is nom calcareous, non-saline and non=
alkali. Transition from topsoil to subsoil is gradual.

The subsoil is generally poorly drained, predominantly half ripe,
in places unripe+), very dark gray to dark gray (10YR 3/1 = 10YR 4/1)
heavy clay with a firm consistence. In most places, at depths below
50 cm, the pH drops to below 4.5. (to pH 3.6). Clusters of gypsum
crystals are found as from depths of 40 cm but in places they increase
with depths. These phenomenona, and the presence of half-ripe or
unripe clay indicates possible development of catclays after the drying
up of the soils, The soils are generally non-calcareous, moderately
saline and alkali (EC 6=18 mmho/cm; ESP 15 = 80%): Mollic Gleysol.
The salinity and alkaliness of these soils, poor drainage and possible
catclay development make this umit non-suitable for irrigation development.
At the moment the drier parts of this unit are used for grazing,.

Unit F11 comprising of 11,960 ha, is generally flat with irregular
mesorelief a.o. due to the presence of abandoned river beds and

former splay and pointbar features® .. - with very careful control

of the water level paddy rice may be grown locally, The soils consists
of fine sands to loam to a depth of few metres, in places however

the soils are heavier. The topsoil is dark brown sandy loam to

sandy clay loam 4 with fair organic matter content
(2%7¢y , The subsoil, mainly dark yellowish brown and with reddish yellow
mottles still maintains a di-tinct sedimentary stratification. The
soils are non-cnlcarloul cmﬁ; and non-alkali till a depth of

at least 2m depth ,1- lhp of r.hu- goils would be easy but the

infiltration rates would be rather high. These characteristic and the Ly

----- -
A

irvegular mesorclief make the unit be classified as only marginally ' v_,(, ’
suitable for large=-scale irrigation, Minor irrigation development,

with pumping frorm the river channel, may locally be a feasible
proposition, (cf. Oda and Ngao) .

At the moment, cultivation at small scale is practiced within this
area-vhereby crops such as maize, and local fruits like bananas and "
mangoes are grown. The levee lands contain the vilhgn:_;:_mu.

The original vegetation, presently occurring only in patches, consists

of rather high riverine forest, of varied composition.

Unit P12 comprising of 1,600 ha, is generally flat but it is
slightly elevated (0.5 = 1. Om) above the floodplain, Up to a depth
of about 100 cm, the soils consists of ripe or half-ripe clays but
there below exists stratified sandy loams which are generally waterlo~

sende /8
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The topsoil is gray clay which has yellowish red mottles. The subsoil
is poorly drained yellowish mottled nearly ripe or half-ripe dark gray
(10YP. 4/1) heavy clay. This subsoil is moderateto strongly. saline and
strongly alkali (EC 7-30 mmho/cm; ESP 70 = 20%) and pH drops below
4,5, (to pH 2.5) indicating a catclay hazard: Thionic Fluvisol.

At the moment, the area is {ntensively cultivated for small-scale
paddy rice growing, utilizing natural flooding by fresh riverwater
(pushed back by periodic high tides). The raised banks around the rice
fields are used for growing bananas and sugarcame. At the time of the
investigations, the rice crop was not doing well, The only remnants
of the natural vegetation is low forest with dense undergrowth.

3.3, Coastal Marshes and Swarps

The coastal marshes and swamps consits of two units namely
coastal marsh land (11) and coastal swamplland (12).

Unit M1 comprising of 11,620 ha, i{s flat with a mesorelief of tidal
creeks, This land is flooded twice a year lile the floodplains, but
in addition has the influence of sea-water especially during the high

tides.

The topsoil and subsoil consists of very dark gray (10YR 3 -
j0Yn 4/1) yellowish and reddish mottled, half-ripe heavy clays,
The topsoil is nmon-calcareous, non-saline and non~alkali while the
subsoil is saline (in places very “aﬁqf\lz . a'gm-alknli (EC 15 = 50
mmho/em; ESP 15%): EButric Gleysol/ The subsoil acidifies on drying
(pH 4.5). The physical conditions of this unit is verxy un favouradle
for human habitation therefore there is hardly any people living in
this area, Vegetation consists mainly of grasses and marsh/plants.

The unit is unsuitable for irrigation, unless elaborate aad coatly

reclamation measures are applied.

Unit M2 cowprising of 1,245 ha, is flat vith many tidal creeks. Very
little investigations were done on this wmit. By extrapolation however,
it could be inferred that soils here are very poorly drained, mottled
and possibly unripened clays vhich are very saline end acidify on drying:
Thibiie Gleysol. This unit is much more influenced by the sea water

than M1. During the high tides, most of the areca is under water.

The vegetation is predominantly mangrove forest. Mangrove trees arc
used locally for building and some of the wood is exported. The soils
are unsuitable for {rrigation development.

.l..l”
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3.4, Dunes and Recent Beach Ridges:

Unit D comprising of 13,530 ha, is undulating to rolling and
located predominantly along the coast. The soils consists of
excessively drained deep yellowish (10YE. 7/1) sands. Casbid? Arenosols.
The vegetation is predominantly bushland thicket. At the moment this
arca is only inhabited by wild animals, Evidently, irrigation development

is excluded.
3.5, Bottomlands:

Unit ® comprising of 7,765 ha, consists of flat to very gently
undulating depression areas within non-flooded terrain, The soils are
clayey, probably strongly alkali. The vegetation varies from grassland
to hushland or marsh vegetation. In places, open water prevails
(especially during wet season) .

3.6, Terraces

The terraces are subdivided into two units namcly higher (T2)
and lower (T1) terraces.

Unit T2 comprising 56,180 ha consists of flat to gently undulating
terrain with a mesorelief of sub-circular depressional parts
("mud-wallows", diam. 10-200m) which appear light coloured on gerial
photos . The higher terrace is about 5m above the floodplain and it
occurs on both eastemm and western banks of the Tana delta, The
soils are well drained to imperfectly drained. The topsoil is gray
tovery dark grayish brown (10YR 3/6 = 10YR 3/2) sandy loam to sandy
clay, slightly calcareous, pon=saline and non-alkali, Like unitc L1,
there is a clear transition to a gubsoil of which the upper part forms
a pan which is extremely hard when dry. The subsoil consists of pale
brown to dark gray (10YP 4/3 = 10YR 4/1), sandy clay to clay, in places
calcareous, moderately saline, moderate to strongly alkali (BC 12,5 =
16 mmho/cm; ESP 17 = 50%). Salinity and alkaliness increase with depth:

Solodised Solonetz.

Vegetation is mainly husbland, The presence of a hardpan and
the saline-alkali condition of the soils render the unit non=suitable

for irrigation development.

tnit TI comprising 27,455 ha consists of flat to very gently undulating

terrain, This lower terrace is about 7-3m above the floodplain and

it occurs on both the eastern and western banks of the Tana delta,

The soils are imperfectly drained, The top soil (20 = 40 cm) consists

of dark gray to gray (10¥R 5/2 = 5Y® &/1) calcareous non-saline

and ;ﬁ‘pli clays. The transition to the subsoil is not as pronounced

as in the T2 soils but the top of the subsoil is very hard when dry.
cssseellO
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It consists of predominently gray (10YR 5/1) clay, calcareous, moderately
saline and moderately to strongly alkali (EC 9.0 = 13,5 mmhos/cm;
ESP 22 - 71%). Salinity and alkaliness increase with depth:
Orthic Solonetz,
Vegetation is predominantly bushland and sparsc grass Coverage.
The structural development of the soils and their salinity/
alkaliness make them non-suitable for irrigated cropping.

3.7. Lagoonal ‘Sand Ridges:

The ridges are subdivided into two units namely L2 and L1, the
former being relatively higher than the latter.

Unit L2 comprising 1,250 ha. consists of gently undulating terrain,
Topographic wise the ridges rise 10~15m above the floodplain.

They are normally elongated and lie approximately in a North-east

to South-west direction, The soils are excessively to well drained,

A topsoil of yellowish browm (10YR 4/4) loamy sand which is non=
calcareous, non-saline and non-alkali, grades gently into a sub=-soil
consisting of predominantly reddish brown (5YR 4/4) sandy loam, that

is equally non=calcareous, non-saline and non-alkali; ferralic Arenosol.

The vegetation is predominant 1y woodland with a few Acacie
species and sparse grass cover. The unit is classified as non-suitable
for any irrigation development due to its unfavourable topographical
position. Also, the soils are very sandy and therefore excessively

permeable,

Unit 11 comprising 22,630 ha consiets of flat to gently undulating
land with mesorelief of slight depressions and slightly raised parts
(often forming dark and lighter ripple-patterns respectively on the
aerial photographs). Unlike the elongated 12 ridges, the L! ridges
are occasionally extensive.

The soils in this unit are generally well drained. They consist of
a top soil of 15-40 cm fairly permeable dark yellowish brown to
light gray (10YR 3/4 = 10YR 7/1) loany sand to sandy loam, non=
non-saline and non-alkali, There is a clear transition

calcareous,
to a subsoil of which the upper part (about 30 ~ 40 cm) forms a

pan which is extremely hard when dry. This subsoil consists of brown
to reddish brown (7.5YP. 4/6 = SYR 4/4) predominantly sandy clay loam.
Generally the subsoil is non calcareous but galine and alkali

(EC 15 = 20 mumho/cm; ESP 35-50%), the higher figures occuring in the
deeper subsoil : Solodized -Solonetz. In places lovever the ruosoil is

non--calcareraud,‘fnon—uum and non alkali.
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Thevegetation varrieg from wooded bushland to open grassland,
considering the topography (reso-relief in particular) and the soil
conditions (hardpan, salirity, alkaliness) it can be inferred that

this unit is non=-suitable for irrigation development.

3.8, Uplands of liagarini, Sands A L A
The uplands were little studied because of their occurrence

outside the main zone of interest. The uplands are generally
umdulating and rise about 10m or more above the higher terraces.
Unlike the more or less narrow and elongated lagoonal sand ridges,

the uplands are more extensive. The goils are possibly well drained®
deep, but varying in textures. The vegetation cover is predominantly
dense wooded bushland, This unit, covering 940 ha, is definitely

non suitable for irrigation development because of its topographical

position.
4. IPRICATION SUITABILITY AT
As described in chapter 3, only two wits (M1, F11) are worth ”

congidering for any irrigation development. The other units have either

1 or chemical limitation; or both.

it ¥b 1) scems poderately well suited for
ive floodplain consists of stable
no appreciable salinity/

topographical or soil physica

The floodplain proper (tn
larpe-scale irrigation. The extens
(ripe) heavy clay soils that tend to have

alkaliness and no emeptionnlly 10w pH.
These lands have the advantage that they occur in large acreages mda..-u ’ |
they are very flat thus levelling would be minimel, Tho soils VAL1 L) b b forammad

et
however be difficult to manage pecause of the heaviness of the clay ]

(difficult tillage). The thickness of the clay layer (2-3 : o;:o;e)
the like -
could hamper deep draindge, which MLLA..&W of the likely : }

salinity of the substratufl saliniuti_@_h,“-‘—'g'

e ith furrows or basins would be most suitable

ing of paddy rice seemd
tton, maize and sugar cane have
also be used for

Cravity irrigation vit
for these lands, The grovw

proposition, also gield crops like €@
ing wells The floodplain could

with or without jrrigation.
1ain that could pe considered for “

: 25,000 ha. his area lies
cxtensive irrigation pro_]ect(s) is about 22, e s
art of the delta, starting 7 km Fa
eastbank of the old Tana course
present Tana in

there it followe @ hypothntical
l!lll.., 12

to be a favourable

a good chance of do
production of fodder of hay,
The acreage of the floodp

in the north-castern P

on the Garsen-lLamu road, follovs the

in the Carsen-Ngao gtratch and
and from

the Ngao-Samikaro streteh; 5
line due NNE ("Biyedi" development area)s
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The levee land (Unit F11) is marginally suitable for irripated
agriculture., Thz light texture of the soils would harper basin
jrripation duc to the rapid infiltration of the soile, The unit has
a disadvantapc that it occurs as narrow elongated band, The presence
of mesorelief would necessitate levelling which would be detrimental
to the soil physical conditions. This it has the advantage of
being slightly above flooding level.

Two small irrigations schemes on thiseupit (at Ngao and 0Oda) are at

the moment onerational and there seems to be scope for the development
of more of such minor irripation actiemes. Crops such as bananas, l
maize and vegetables are doing fairly well, Fruit trees crops (e.o.

mangoes) would do well on these soils.,

5. TLOOD PROTRCTION AND DRAINACE REQUITEMINTS

The area which is well suited for large-scale irrigation develop=
rent is flooded twice & year (chapter 2.2) and therefore drainage
requirements have to te considered seriously. Vith the construction
of more and larper dams in the Tana upstream, it could be possitle to
control the floods to a certain extent. Without such flood control, u

it would be cssential to protect the floodplain by low dikes
section of the present Garsen-Lamu road that

(empoldering). The =
crosses the floodplain would form the obvious northemn part of such a
rm and south-eastern gides

system of dies. On the western, southe
i" devolopment ares, however, & dike
construction of at least 40 im i1l be required. 1f :ud;d o

a
protection is not possible then arrangenents e g soon as
nanner that the floodwater is drained off twice: 2 year AS

sy : er md mwt.
Possibla ‘0 AN to avoid ultimate salinization and/

oils unsuitable
or alkalisation of the rooting 20nS which would render 8 -
a river surface water is of excellent quality
may contain harmful concentration

sicarbonate in particular.
scason

of the suggested "Biyad

Prainage is however essential

for crop growth, The Tan

for irrigation but the ground water
sodium 2nd
where the present day dry
g talien to avold

of salts in general and of

Tor the floodplain propers

hould %
(s only 3=4me, mcasures 8
Sround VECeE e ’ grounduater level which would result

r and the poisture of the
s water

any substantial rise of the

4 e
in contact between this poor-quality wat

be exces
: there will alway®
rooting zone. Under iﬂig‘tim:;msll. flooding or heavy showers)

(over-irrigation, secpage fyom drainage is effected.

8
which would induce such & rise unles

...l-nltm
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e western and southern side of the suggested

d in conjuction with the dikes.
lyinp lands on thie castern part

} major drainage canal on th
developnent area may be constructe

Punoff (from heavy ghowers) from high
e controlled by constructing a deep

of the floodplain woulé have to I
re along the edge of the floodplain

cardal) somewhe
ch water.

interception ditch (drainage
(on the eastern bank) to drain away su

6, CONCLUSION AND PECOMTNDATIONS

ts that could be considered for irripetion

exists in the arca of the Tana delta, namely the terraces ('1'., Tz) and the
floodplain proper (rb1). The first two units are, r.opographically and soil
texture wise, suitable for jrrigation but they have problem of galinity and
alkaliness. The floodplain proper (Fb1) has heavy clays vhich are only
derately well suited for irrigation.

slightly saline and alkali.: This unit is mo
It comprises 38400 ha in total of which 25,000 ha exist in a nearly homogeneous

block to the northesst of the mein river channel.

gation project of gubstantial acreage,
£ the necessity to keeo the

!. Three main phyaiographic uni

2, In any irri great attention

will have to be paid to deep drainage because ©
level of the brackiéh ground water sufficiently deep below the rooting zone.

jor irrigation development in the floodplain should be
which should include the mapping

soil and substratum.

3, Any ma
proper semi-detailed soil survey,

preceded by
preperties of the deep sub

of the chemical and hydrelogical

4, The arca enclosed by the Indian Ocean,

e and Mto Filifi (ahandoned river course
d for a game park or ' game reserve.

the lowest part of the present
in the south-western

river cours
part of the delta proper) is recommende

oo dns 1
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MOUNTAINS retiet intensity 300 - 1200m. siopes over 16%)
MU  Soils developed on various eneisnes
e g complex o sOmewhal eic essiveiy Mained sndliow Ig aalew gl y
e lt':& Geep. reddish trown 1o light red. rocky and stany soils of
varying lexture in places with humic \Opaoil
(wwtric REGOSOLS 1Ak phate snd b LA S

HILLS, MINOR SCARPS AND LOW RIDGES greiiet intensily

10-300m, siopes from §% 10 owver 18%)
HL  Soils developed on crystalline |imestone
well drained, shailow, black, gravelly loam, over pelrocaicic
-“u m material or rock forthic REND ZinAS )

well drained, shallow 1o mOderalely deep dark reyish wown 1O
- dark yellowish brown, calcareous, very stony graveily sandy
Clay loam, over petrocalcic material
(Cakiis CAMBISOLS petiecalsis phane)

HX  Soils developed on various parent mater lals
- complex ol somewhat excessively drained, shallow reddish
= SR brown 10 greyish brown, rocky and stony 80ils of varying testwe
(eutiic and dystiic REGOSOL S 1ithic and slany phase)

FOOTSLOPES &t the oot of mountains and hills, slopes 2-8%)
FU Solis developed on colluvium derived from V& ious gneisses
well drained, very deep, dark red. Iriable sandy clay loam 10
sandy clay (hedic FERRALSOLS and FERRAL * ghwamic LUVISOLS)
FX Solls developed on colluyium derived from various parent materials

- - woll drained, deep 1o very deep, dark red 1o reddish brown
e friable to firm, sandy clay loam to sandy clay

(eheomic LUYISOL §)
FL  Soils developed on colluvium derived from crystaliine limestone

! - well drained, deep 10 very deep, dark red 1o dark reddish trown,
oy friable to tirm, sandy clay (ehromic LUVISOLS )

PLATEAUS(siopes less than 2%)
LI  Soils developed on phonolite (Tertiary volcanics)

] complex of:
L"-_ ~ well drained, moderately deep 10 very deep, dark red, friable
clay; In places bouldery (rhodic FERRALSOLS)
— well drained, shallow to moderately deep, dark red, iriable,
rocky and bouldery clay (ferralic CAMBISOLS, lithic and stony phase)

PIEDMONT PLAINS(long siopes, 1-3%)

YX Soils developed on alluvium derived from undifferentiated gneisses and
crystalline limestone

well drained, very deep, dark red, friable, sandy clay to clay
e - (FERRAL*- chwomic. LUVISOLS)

UPLANDS{majw rivers deeply incised)
SAGALA LEVEL (altitude approximately 1300m, slopes 5—16%)

U1U  Soils developed on undifferentiated gneisses
well drained, moderalely deep lo very deep, dark red to dark
l'”'”_ reddish brown, firm clay (chromic* ACRISOLS)
NYIKA LEVEL (altitude 150-250m, slopes 2-8%)

U3KT Soils developed on siltstones and shales (Maji-ya-Chumv| beds)
well drained, shallow, dark reddish brown to very dark brown,
sandy clay |loam (eutric CAMBISOLS, lithic phase)
U3Sm Soils developed on fine - grained sandstones (Mariakani sandstone)
well drained, deep to very deep, dark brown to yellowish brown,
= ""'“‘- firm, sandy clay loam to clay, with topsoil of sandy loam
(orthic LUVISOLS)

like U3Smb, but shallow to moderately deep, fairly rocky and
"'“_"'"‘"'- fairly stony

uaKTP

PLAINS
NON-DISSECTED EROSIONAL PLAINS

NYIKA LEVEL (altitude 200-600m, slopes less than 2%)
Pn2F Soils developed on gneisses rich in ferromagnesian minerals

well drained, deep to very deep, dark red to dusky red, Iriable
S sandy clay (rhodic FERRALSOLS)

like Pn2Fr, but moderately deep over quartz gravel
y— - (rhodic FERRALSOLS, petric phase)

Pn2U  Soils developed on undifferentiated gneisses
well drained, deep to very deep, yellowish red very friable,
Pras ! sandy clay to clay (orthic FERRALSOLS)
Pn2L  Soils developed on crystalline limestone
- well drained, moderately deep 10 very deep, dark red lo dark
Pl reddish brown, firm, sandy clay to clay, over petrocaicic material
(ealcic and chromic LUVISOLS, petrocalcic phase)

Pn2St Soils developed on fine to coarse - grained sandstones and arkoses
(Taru grits)

we il drained, moderately deep 10 deep, red lo dark red. Iriable
i - sandy clay, over quarlz gravel (chromic LUVISOLS, petrie phase)
r-..,,,,,,.- like Pn2Strp, but shallow to moderately deep

weli drained, mo derately deep to deep, dark reddish brown to
dark brown, lirm, sandy clay to clay, over quariz gravel or
pisoferric material

(orthic and chwomic® ACRISOLS, petric or pissterric phase)

¥ 4- ike Pn2Stbp, but shallow to moderately deep

poorly drained, very deep, black, very firm, calcareous, cracking
clay, with saline and sodic deeper subsoi
(pellic VERTISOLS, saline-sodic phase)

Frorbitn

KEY

soil mapping symbol
U3 St depth class symbol
® slope class symbol
— soil boundary
- soil boundary (uncertain)

— slope class boundary

625 ha

= all weather road 5\)' A
—=== lrack ,‘I

S— [P . \t Ty i
- railway station e

L]
=== International boundary .
—-= provincial boundary *

- district boundary § ®
« building \ g

" e SCI'ICK)'
= KISUMU

= bridge A
i river {
9000

%
FE R E E RN BT T T
viITYWOs

pipeline ¥y

% hill top
=+ scarp
—= park boundary

N8B, Most of the roads and tracks are
in approximate alignment.

LEGEND"

Pal&T Seiis deveioped on “h-m"m‘ Sely)
we | ¥arved shallow SR RO SN WOoBE 19 very s o
. - '- sandy Clay 0l 10 clay I CAMEBEOL B e
impeitec!ly olned Saalew dle ; Sowp 0 dwep Jan peyish

tvown, very tiem, Craching sandy clay 1o clay wih
LA LA ecst ind MO0 Seeper Subeos |

(vt PRAECIENS  sodis phase
PeaZien  S0ils deveioped on line - grained sandetones (Mari sk 30 Sand5tone)
4 - me | Jained vy deep Drown ¥iabie 10 i sandy Clay
o loam 10 sandy ¢ lay, wilth sodic Soopmer St b0
(WBie LUVISOL S sedic phase)

SEDIMENTARY PLAINS (Nyiha level: altitude 200-500m siopes less thaa I%)

PsF  Soils developed on malerial derived bom PR isaes 1ICH n

Toss mmagnesi an mines sls
well drained, deep 10 very dowp. rod 10 dirk ied, Wisble 1o
firm  sandy ¢ iy 19 clay fvis LUVISOLS)
well Mained very deep. dark red 1o dark reddish brown,
riable to tim, sandy clay (oheamis LUVISOL )

PaSt  Soils developed on material derived from fine 10 coarss - weined
sandstones and arhoses (Tary gty
well drained. moderaiely deep 0 deap dark reddish brown
"""‘- firm. sandy clsy 10 clay, over pisocalcic material
(68t LUVISOLS potris phase)
PsAl Solls developed on unconsolidated sandy sediments Uuaternay
superticial deposita)
well drained moderately deep Lo deep, dark red . Iriable
sandy loam 1o sandy clay, over guartz gravel
(rhadic FERMALSOLS poti i phase)

PAl Soils developed on unconsolidsted clayey sediments (Plio Pleistocens
bay deposits)

- PoOrly drained, very deep. dark Preyish brown 10 Black, very
s, tirm, calcarsous, sodic clay; in places saline and/or cracking
(orthic and vertic* SOLOMETZ parily saline phase)

DISSECTED EROSIONAL /SEDIMENT ARY PLAING(Nyika level: altitute 200—-800m
slopes 1-5%)
PAF  Solis developed on gneisses rich in terromagnesian minerals
well drained, Moderately deep, dark red, iriable o tm,
sandy clay 108m o sandy clay, over quanz gravel
— (ehromic LUVISOLS, peiric phawe)
- well drained, shallow, yellowish brown, calcareous, gravelly
P sandy clay lpam, over petrocaicic material
(calcic CAMBISOLS, petrocalcic phase)

m,,_....,..- complex of solls of units PdFrp and PdFbK

complex of :

- 80ils of unit PdFbK

— well drained. shaliow, dark reddish brown to dark red,

stony and gravelly sandy clay loam,over quartz gravel
(terralic CAMBISOLS and chromic LUVISOLS, p Ic or petric ph

PdSt  Solls developed on fine lo coarse - grained sandstones and arkoses
(Taru grits)

PaF o - PoF P

complex of:. ;
""‘- ~ well drained. shallow, dark reddish brown, stony, gravelly
sandy clay loam
{chromic CAMBISOLS and chwomic LUVISOLS, parslithic phase)
- well drained, shallow, yellowish brown, calcareous. stony
and gravelly sandy clay loam, over petrocalicic material
(calcie CAMBISOLS petrocalcic phase)
PdT  Soils developed on carbonaceous shales (Maji-ya- Chumvi beds)

complex ol :
b = well drained, shallow, strong brown, slightly stony, sandy
clay (orthic LUVISOLS . lithic phase)

- well drained, shailow, yellowish brown, calcareous,
gravelly loam, over petrocalcic material
(calcic CAMBISOLS, petrocaicic phase)
PdA  Soils developed on unconsolidated clayey sediments (Plio-Pleistocene
bay deposits)
imperfecily crained, very deep, strong brown to greyish
""‘“- brown, fimm to very firm, sodic, sandy clay to clay; in places
saline (orthic SOLONETZ, partly saline phase)

FLOODPLAINS AND ALLUVIAL VAL LEYS siopes less than 2%)
AAl  Solls developed on alluvial fan deposits
moderately well drained very deep, dark brown, lirm sandy
“‘"- clay, with sodic deeper subsoil  (erthic LUVISOLS, sedic phase)
Imperfecily drained, very deep, dark brown, very firm, sandy
"“- clay 1o clay. with saline deeper subsoll
(orthie LUVISOLS, saline phase)
poorly drained very deep. dark greyish brown, very firm,
AN calcareous, saline and sodic clay
(orthic SOLONET Z saline phase)
AAr  Solis developed on subrecont (o recent river deposits
complex of very deep, brown to very dark brown, stratified
solls of varying drainage condition, consistence and tex ture
(ewiric and vertic* FLUVISOLS)
complex of ve:, deap, brown to vary dark brown soils of

varying drair o e condition consistence and texture. in places
saline and 8odig

AAKC Y

LL B
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! Ry
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./ DISTRICT

iL
B |

S —

Aky mw-mm-mm-w
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. CRCEeOuSs  Sandy Clay 0 clay s CAMBSSOL S )
Sodmately well Fened shallow, calcarecus sandy clay lo
““- Cily MM Over PEbiOCaic maler lal
(eam CAMBIIUL ) pabeusae i s

mdmm-ltﬂhﬂlym.m
Geep. diwk reddish Wown 10 dark brpen, fum Lo vary fum,
Sandy Clay 10 Ciay in places Calcarecs salime and/Or Sosdic

(Wihic LUVISOLS sedic phose and oths SOLOMETZ seiine phane)

BOTTOMLANDS (siopes iess than 2%)
BX  Soile developed un various parent materials
very pogrly drained. very deep. Ak greyish trown 19 Diack
“'- very firm calcareous, cracking Clay. with saline and sodic
Sompmy subau | (etwames mnd puii VERTISOL | caline aontis phane;
- vely potsly drained very deep dark brown 10 dark grey, iem 10
- very fum. sodic clay, with calcareous and saline deeper
puald s | (wihig BOL ONET I saivme phase)

® For the Miito Andei and Vo i sheets cas combined logend was pre -
pared The legend of this sheet however gesc:ibes oaly the mapping
wAils OCCurrimg on this sheet
The descriptions dencte the characteristics of the subsoi/ [ utwal ity
the B-Moizon) Wheie the topsoil dilters from Ihis Subsc// by two
o more testwal classes. it is also described

All gneisses and crystalline limestone mentioned in the legend
belong to the Besement System rocks

"__—““h“w maesding ba Ve VRI4
FAG UNESCO legend tor thais ““Soil Mag of The Serid Pratines marved wiws ¢
= Ventative terma swailing - -

KEY TO SLOPE CLASSES

W g

*2 A fiat to very gently undulating
5 8 gently unculating

58 c undul ating

86 ) rolling
16-30 E hilly

* not indicated for mountains hills and minor scarps

KEY TO DEPTH CLASSES

thickness - o name
soil in cm quartz gravelpisocalcic materi
o0 fiiei] [ExT] oo 1
moderately
50-80 I P ' I l_ _] deep
80-120 e
more than
o very deep

+ il a complex of depth classes occurs within one unit, only
the symbol ol the shallowesl depth class 15 indicated

TEXTURAL CLASSES
'G)!,-\

f \®
ln;( —X
' 7
[ \/ \®

SOIL SURVEY AND MAP PREPARATION
soil survey (1975-1978) W van Wiingaarden |V 8 G Somtesns O

H.C K. Kinysnjul D

soll correlation WG Sombrosk D)

map compilation W van Wijngaarden )

map correlation 8JA mum""ﬁ_ g
cartography P M Maing 7 e : e

1) Tsavo Research Station-WOTRO
2) Kenya Soil Survey
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FLOODPLAINS
River Levee Land

H Generally flat but with considerable mesorelisf Imperfectly drained ,deep, dark grayish brown, loamy sand to sa
saline but non—alkali. Varying vegetation of forest bushland or grassland

Estuarine Levee Land

Generally fiat but with some mesorelief Pooriy drained, deep, mottied, dark gray, half—ripe or nearly ripe clay with sa
non—calcareous; moderately to strongly saline and strongly alkali. Mainly grassiand

ndy clay loam: non—calcareous: slightly

Tn ndy loam in Substratum;

River Basin Land

Extensively flat. imperfectly drained, deep, m
and slightly aikali. Predominantly grassiand

ottled, dark greyish brown to grey, firmio very firm_ heavy clay; non

.nﬂ_nm.«mocm_ in places m__.ﬂ..:__\ saline
Estuarine Basin Land

Fb2 Flat but with some micro—relief. Poorly drained.deep, mottied, very dark o«o«.:u.rie..:? clay : non-

slightly to strongly aikali and from about 50 cm depth often acidifying upon drying(c8iclay developmen

COASTAL MARSHES AND SWAMPS
Coastal

.nm_nm_mocm, slightly saline to moderately saline,
1) Fmao_._.::m_._:w grassland

Marsh Land

H Flat but with some tidal creeks. Poorly drained, deep, mottled. dark grey hall—ripe he¥y Clay - non_

calcareous; very saline and strongly acidifying upon
drying ( catclay development ). Predominantly grassiand

Coastal Swamp Land

H maac_s_.;as:_:a&naorwcm:ooﬁ_:__w_:on.%%,_tom:5.332:.52!«2.5..5323: acidifying upon drying (catclay development ).
Mangrove forest

DUNES AND RECENT BEACH RIDGES

B _ﬂ__w.. 10 very gently undulating. Imperfectly drained to poorly drained

deep, clay ?5

trongily saj 5 i
Qly saline. swamp thicket.or grassiang

TERRACES
Lower Terrace Land

1 g
H Flat to very gently undulating. Well drained to imperfectly drained, deep. predominantiy @€y . firm 1o very firm clay: non—calcareoys. =i
moderate 1o strongly alkali starting at depths of 20—80 cm. Woodiand - : erately saline and

Higher Terrace Land

: ey 1
H Flat to very gently undulating. Well drained to impertectly drained, deep, predominantly @€y, tirm 15 o

y firm, sandy cla
: non— ; x
saline, moderate to very sirongly alkali, starting at depths of 40—90 cm, Bushiand ’ Calcareous: moderate)

y

LAGUNAL SAND RIDGES

Lower Ridges Ty lon
H L1 _EE 10 gently undulating, Well drained, deep, dark brown toreddish brown, firm, sandy M with 1opsoi| of loamy sang- ) £

but moderate tostrongly alkali starting at depths of 15-70 cm. Woodland Mon—calcareoys and non—saline

Higher Ridges

Lt sand 10 55

H Gently undulating. Excessively drained to well drained. deep, reddish brown, loamy Ny clay loam; non —Calcareqyg

Woodland . NoN—saline and non_a;

5 N—-alkalj.

UPLANDS

Uplands of Magarini Sand
and.
H Undulating. Probably well drained, deep soil of varying textures. Dense wooded bush¥

KEY

PO W s MaiN road s 50| bOUNdary

=" Sy s tentative soil boundary

number Y
s’ lfACK X 1878 augerhole with reference
T A
% m towns/villages vB_um;.d and drawp by Ken
Site evaiy o Ya Soil Survey 1975

permanent water
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