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1. INTRODUCTION

According to the priority programme of the Minor Irrigation
Dovelopment Committee end the HMinor Irrigation Proposals 1975 -~ 1978 of the
Provinoial Director of Agrioulture (PDA) Coast Province, a detailed soil

survey was carried out at Oda.

The field work which started im March 1979 was delayed until Angust
1979 due to very heavy floods in the lower Tana caused by prolonged heavy

rains around the Mi. Xenya area.

This survey covers the existing Oda Irrigation Scheme and its

proposed extens:.on, toge'bher compris:\.ng a ‘bota}. of 94 Oha.. (a.ppro*zc ) The

 existing scheme of about 28ha was started in 1968 with Government gra.nts,

and ministries providing the technical inputs required, viz. survey,
design, construction and pump wnits. Iice has been cultivated in basins
of 0.4ha (1 aore) esach, together with small amounts of maize, green grams and

cotton. The new extension and relocation of Oda Irrigation Scheme/i’mplemented/vas

in accordance with joint proposals of the Small Scals Irrigation Unit {8s11)
of the Ministry of Agriculture and the NCCK's Lower Tana Projeot team.

2. PREVIOUS WONK

In February 1975, following a request from the Tana River
Development Authority (TRDA), the Kenya Soil Survey (KSS) carried out a site
evaluation of the s0il conditions in the Tana delta (Sombroek et al, 1976),
covering the ares between Garsen and the mouth of the river Tana. The

aim of the study was ‘to find out whether any large-scale irrigation development
in this area was feasible.

In April 1976, Dr. Bonarius of the German Agriculiural Team
(G.A.T) made a field trip to Lower Tana and carried out site evaluations of
the existing minor irrigation schemes (in<luding Oda) to assess their

suitability for irrigation.

At the request of ithe Small Scale Irrigation Unit ( SSIU) the KSS
made a field trip to Oda Irrigation Scheme and carried out in co-operation
with the National Cristian Council of Kenya (NCCK) Lower Tana Project Team,
feasibility studies to sslect a suitabls site for the extension of the scheme.
In all cames, suitable soile were identified for irrigation development but
further so0il studies and mapping on sesmi-—-detailed levels were recommended.
Thig detailed soil survey is therefors a follow up of the studies mentioned

cenenes/2.
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3. ENRTRONMENTAL CONDITIONS
3.1, Location and Communications

The survey area is situated in the South Tana Division of Tana River
District, Coast Province. It lies at latitude and longitude 2° 25'. 6"S and
400.10'.3“E respectively and at an slevation of approximately 12m above sen

laval., .
A secondary road links Tarassa trading centre with the national Mombasa-

Garsen trunkroad. From Tarassa a motorable track goes on to Oda via Golbanti
Village, but is impassable for a good deal of the year. Bus services are
frequent between Tarassa and the main road but less frequent from Golbanti.

'Only four-wheel drive vehioles and light pick-ups can travel-to Oda even when.

the traock is passable.

There is a dry-weather airstrip at Garsen (about 36km away) and an
irregularly meintained one at Ngao (8km). Telephone services are also

aveilable at Garsen.

The river Tana is extensively used by the local inhabitants for
trangport of peoplo and cargo by canoe. Motor-engined dhows are also some-
times used for transporting people and goods between Lamu/Kipini and Ngao,
egpecially during the rainy seasons when road transport between Garsen and
Lamu (mainland) is uwsuzlly cut off by floods.

Social amenities at Oda include a primary school and a dispensary. A
government secondary school and district hospital are available at Tarassa and

Ngao respectively.

3.2, Geology and Physiography

The survey arca is situated in the Tana river flood plain, which
consists of Recent alluvial sands, silts and clays (Matheson, 1961).

The extensive floodplain is generally flat and only a few metres

above sea level. The only recognisable meso-relief featrrss are branching
abandoned river channsls and their associated levees and backswamps (river
basing).

The survey arsa comprises both the river leveses and the
backwwamps. The levees are slightly elevated above the general level of the
backswamps , ‘

o-o-nn/3o



3.3. Climnte

According to the National Atlas (Survey of Kenys, 19/0), .the survey
area lies within the Dry Sub-Fumid to Semi-Arid climatic zone. The mean
annual rainfall is 757mm (BAMD, 1970). It oocurs in a bimodal pattern,
with rainy seasons from April fo July, with the highest peak in May, and
from November to Decembsr. The monthly rainfall averages for the Ngmo
(Station 92.400,04), which is about 8km to the North-West of Oda, are given
in table 1. |

 Tgble 1. Average monthly rainfall (in umm) for Nemo (average of 6 yred

Jan. Feb. Mar. Apr. May June July 4Aug, Sep. Oct. Nov. Dec, Anmual

22 11 58 116 113 76 38 39 17 48 95 64 757

Tomporature are high, ranging from 30° - 34°C. Potential evaporation
is also high, ranging from 2200-2400mm por year (Eo, Penman).

Under the prevailing climatic conditions, irrigated agriculture is
the mogt reliable means of growing food.

3.4, Vegetation

Thé area next to the river (river levee) is generally covered with
tall elephant grass {Pemnisetum purpurewa) with solitary mango and palm
trees scattered here and there, The river basin areas are ocovered with tall

grasses of various species, The lower areas which are more frequently flooded

are dominated by tall Echnocloas spp. (swamp grass), while the slightly higher
lying arcas ars dominated by Cynodon dactylon (s‘bargrass), intermixed - with
various speoies of Acacia bushes and shrubs and the occaseional solitary

paln trees.

3.5. Pregent land use N
The floodplain is generally used for extensive grazing. Subsistence

farming is mainly practisad on the levee soils due to their better drainage,
lighter textures and hence ‘better workability. Parts of the backswamps |

are used for rice growing. The main annunal orops include rice, sugarcane,
meizge, green grams, beens, cassava, sweet potatees and pumpkine., The 'bia.rmual/
peremnial crops include bananae, pawpaw .nd mangoes.

veoesafls



3.6 Hydrology snd water resources

Water for the irrigatien scheme will be pumped from the Tana River which
is the only perennial stream in the area. The dry season flow are rate
average is 80m3/sec, with g flow of 3Om3/sec. once in 10 years, The biannual
flooding of the Tana, caused mainly by upcountry rains, occur usually in
April-june and November-December resmectively. The floods, usuelly disrupt
commmications and transport by either washing away bridages end sections of
the roads, or by making the roads muddy, slippery and impassable; while they

may also destroy field crops.

.Thé.éﬁéiify'bf'fﬁé Tans river wate:r is good for irrigation.. The river .
water's average electrical conductivity (E.C) is 3215 micrommhos/cm, which
corresponds to a salt content of 130ppm, Average Sodium Adsorption and
Boron content is 0.07ppm (heres/Ilaco, 1967).

The ground water level fluctuates with seasons -~ it occurs below 120c¢cm
in the wet season., Gleying was observed to occur very commonly from a depth

of 100cm, downwards.

4,  SURVEY “RTHODS

4 topographic map of scale 1:2,500 was produced by iapimaji (Surveyors)
Ltd., under contract by the Swall Scale Irrigation Unit (SSIU) of the
binistry of Agriculture. This map shews the location of the small concrete

beacons made by the toposurfeyors in a 100m grid and wa. therefore used as a
basemap. 41l observatiens and provisisnal soil boundaries were pletted on it.

The fieldwork was done in two phases, The first phase consisted of
102 augerhole observations, made in & mrid systen of 100 following the
concrete beacons. The depth of observation was 2m and the soils were
described for colour, depth, mottling, texture, cousistence, etc, They
were also analysed for pH and salinity using portable electrical equipment.
£11 data were recorded on the standard KSS forms for routine augerhole

observetions.

After completion of the augerhole observations, provisional soil
mapping units were delineated, based mainly on soils texture, drsinage,

pd and salinity.

vos/5
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Survey wmethods ocont'd. "o

During the second phase of the fieldwork, four representative
pites were seleoted in which profile pits were made. The profile pits were
dug to a depth of about 150om, and described in detail, according to the
XSS standards, which are hased on the FAO Guidelines for Si0il profils
Deseription (1977). Each soil horizon was sampled for chemical and physical
analyses in the National Agricultural Leboratories.

After the receipt of the laboratory data, the soil boundaries based
on field data were readjusted where necessary.

5.1 Systematios and nomenclature

As shown in the legend of the soil map, the survey area has first
been subdivided into physiographic units. Within each physiographic unit
various soil mapping units have been disiinsuished, taking into acoount

goil characteristics such as drainage conditions, colour, texture, salinity/
godicity, etc.

Fach mapping unit of the soil map is identified by a wapping symbol,
for which a code system is used, The symbols appearing in the code system
are explained belows

A - floodplain

Al -~ river levees

Ab  ~ river basins (backswamps)
Sa - saline/modio

The mumericals 1, 2, ete, connote different unites. uithin the
physiographic subdivisions,

5e20 Gensrael properties of the soils

There are two major categories of goils in the arees

- river levee 80ils, which are moderstely well drained, stratified and
of varying texture and consistence;

- river basin (backswamp) soils, which are poorly drained and mainly
have a clay texture.

The river leves soils are mainly found on the levees of the present
day river course and a former river course. They are generally well drained
to imperfeotly drained, extramely deep, yellowish red (5YR 4/6) to dark grey
(10YR 4/1) stratified soils varying from loose sand to fimm olay,

..0.'0'0/6'
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5.2, cont'd

They comprise the mapping units ALY, Al2, Al3, Al3se and. Aldsa, the last two
being sodic from 100cm and 50cu depths resvectively (see chapter 5.3.1.).

The river bagin soils are mainly found on the lower lying backswamps,
further awsy from the river banks. These are imperfectly drained to very
poorly drained, extremely deep, dark brown (7.5YR 3/2) to very dark grey
(1oYR 3/1), clay soils. Gleying eccurs gquite commonly from a depth of about
90 om. These soile are found in mapping units Ab1 and Ab2 (see chapter
5.3.2. )0
5.3 Dascriphion of tha soil mapping units

5e3.1. lapping levee soils

lapping unit 411

Bxtent : 4,5 ha

Heso/mioro relief : some gilgai.

slope 52

Vegetation H tall grass

Land use :  grazing and cultiwtion of paddy rice, green
grams, maize, onawpaw and bananas.

Soils ¢  well drained te moderstely well drained,
extremely deep (deeper than 200cm),'yellowish red
(5YR 4/6) = to red (2,5YR 4/6), frisbls, sandy
loam to sandy clay, with 4O0ci topsoil of dark
brown (7.5TR 3/2), firm clay. The structure
varies from massive in the topsoil.

Selinity/sodicity : nom saline but in places strongly sodic ia the
subsoil.

Chewical aspects H

tepseil : pH~H20 #% 18 near neutral (7.2), pd-iCl % is

5.63 CidC and base saturation are high, 43 me/100g
and 79 resyectively.

oo v et o~

# unless otherwise stated the colour given is in the moist state and is

according to the Munsell Colour charts,

#% pi~Ho0 and pH~KCl are measured in 1:2% soil: water suspensions.

veo/Te
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Fapping unit All cont'd

subsoil H

Fertility aspects :

(#ehlich analysis)

Differentiating

criteria

Linmitation for

se

furrow irrigation

I

Limitation for

basin irrigation

4o

Suitability for
irrigation (after

land improvements)

pH~H20 increases with depth from 7.1 to 8.0
{neutral to strongly sodic), pHE~XC1l also increases
with depth frem 5.8 to 7.6; CiC decreases with
depth from high to low (50-11.0 me/100g) but base
saturation is high, increasing with depth from
89--1005",

soils are slightly acid (pH 6.3) and are low in
orzanic matter content (%C 0,74), but other
available nutricnts-phosphorous (P 65ppm), potassium
(X 0.57me/100g), calcium (Ca 12.0 ne/100&) and -
magnessium (Mg 9.0 me/100g) are sufficient.

these soils Gdiffer from the other levee soils

by their better drainage and their reddish colour,
topseil of firm clay {poor workability).

well drained to moderately well drained, friable,
sandy loam to sandy clay (high permeability).

highly suitable for furrow irrigation and moderately
suitable for basin irrigation (paddy rice).

For the dsscription of & representative profile see appendix 1

profile no. 179-83,

imapping unit 512

axtent

meso/micro relief H

oo

Slope

oo

Vegetation
Land use
Soils

ew

s

25 hs

cowfotoes

026"

tall grass

grazing

moderately well drained, extremely deep (deeper than
200cm) dark brown (7.5YR 3/2) to very dark greyish
brown (10YR 3/2), stratified, friable, sandy loanm to
ailty clay, with dark brown (10Yk 3/3) firm clay in the
deeper subsoil (150cm depth).

.../8
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Mapping unit A32 conttd,

Soilse $

Salinity/sodicity
Chemical aspects

vo

topsoil

co

The structure varies from strong, medium, angular
blocky in the topsoil io week, fine, subangular blocky
in tho subsoil,

non saline and non sgodic tkroughout.

pH-H,0 is slightly alkaline (7.5), pH-KCL is 5.93
CBC and bass saturation are high, 49me/100g and 824

: raspeotively.

subsoil :

Fertility aspects
(Mehlich analysis)

[ 1Y

Differentiating

eriteria

Limitation for

o

furrow irrigation
Limitation for H
basin irrigation
Suitability for
irrigation{after

£ 24

land improvement)

Mapping unit 433

pi-H,0 increases with depth from 7.4 to 8.2 (noax
neutral to moderately alkaline), pH-KCl also increases
with depth from 6.0 to 6.4; CEC is high and increases
yita depth from 21.0 to 35.0; base saturation is very
high and increases with depth from 764 to 100%.

the soils are near neutral (pH 6.6) and they are low
in organic matter oonten‘b('@ 0.53). Other wmajor
rytrients - Phosphorous (P65ppm), potassium (X O.5me/
100g), ocaleium (0a 11.Pme/100g) and magnesium

(Mg 8,0me/100g) are sufficient.

thege soils differ from those of mapping unit AM

by their dark brown to dark greyish brown colour, their
drainage and their firm clay texture in the deeper subsoil.
noderately well drained, with firm clay in

the desper subsoil (150cm).

stratified, loose to friable, sandy loam to

sandy clay soils (high permeability).

highly suitable fr furrow irrigation and

moderately suitable for basin irrigation (paddy rice),

Ertent 1 12 ha
Meso/micro relief : nil,
Slope s O~2%
Vegetation ¢ grassland
Land use s gragzing.

coveras/9s
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Mapping unit £33 ocontid.

Soils

Salinity/sodicity

Ch;o_miogl _;;spects

Fertility aspeocts
Differentiating

oriteria
Limitation for
furrow ixrigation
Limitation for

basin irrigation

Suitability for
irrigation(after

land improvements

Mapping wnit Al3sa

Extent

meso/micro relief
Slope .
Vegetation

Land use

Soils

Salinity/sodicity

H

H

moderately well drained io imperfeotly drained,
extrenely deep (deeper than 200cm), dark brown

(10YR 3/3) to dark grey (10IR 4/1), stratified,
friatle, sandy loam to sandy clays; with 200cm topsoil
of dark brown (10YR 3/3), friable to firm, silty clay
to olay.

non galine and non sodic throughout.

as for Al2

'aélfofmﬁié e

these soils differ from those of the previous unit (412)
by their drainage and topsoil texture.

no apparent limitation

moderataly well drained to imperfectly drained,
friable, sandy loam to sandy clay soils (high
permaability).

highly suitable for furrow irrigation and
moderately suitable for basin irrigation (paddy
rice).

16ha

old river levees and lagoonal sand i'idgss.

% |

gresgland

grazing.

these soils are like those of mapping unit A13,
except for their salinity and sodicity. The
structure varies from mingle grain (ir. sand
layers) and massive to weak, medium, subangular
blocky,

slightly saline and mcderately to strongly sodic from
about 100cm depth.

careees/10,
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lMapping unit MA3sa conttd,

Chemical aspects

topsoil 3 pHuHZO is moderately acid (5.7) an¢ pH-KCl is 4.7
CEC and base saturation are high ~ 31.0 me/100g and 60%
respectively.

subsoil ¢ pH~H20 increases with depth from slightly alkaline to

strongly alkaline or sodic (7.7-9.8), pH-KCl also
increases with depth from 6.0 to B8.63 CEC is moderate,
varying with depth from 14 to 18, but base saturation is
very high, increasing with depth from 81% to 100%.

Fortility aspects ¢ the soils are moderately acid (pH 5.3) and are rioch in
organic matter (#C 1.77). The other major nutrients -
phosphorous (P 32ppm), potassium (K 0.6me/100g),
calcium (Ca 7.0me/100g) and magnesium (Mg 5.0me/100g)

are moderately available.

Differentiating ¢ Themse soils differ from those of the previous ones
criteria (mapping unit AY3) by their salinity and sodicity.
Limitation for t slightly saline and moderately to strongly sodic

furrow irrigation from about 100cm depth,

Limitation for basinsas for A3, and in addition slightly saline and
irrigation woderately to strongly sodic from about 100cm depth.

Suitability for s+ moderately suitable for furrow irrigation and
irrigation(after marginally suitable for basin irrigation (paddy rice).

land improvement)

Mapping unit AMsa
Extent 6 ha
Meso/mioro relief ¢ old river levees and lagoonal sand ridges

23

Slope s 1-2%

Vegetation : grasaland

Landwuse : grazing

Soils ¢ moderately well drained to imperfectly drained,

extremely deep (deeper than 200cm), red (2.5YR 4/6)
to dark brown (7.5 YR 4/4), sandy loam to sandy olay: with
about 30cm topsoil of dark brown (7.5YR 3/2), firm clay.

.9..../11‘



-1t -

Mapping unit Al4sa oconttd.

Salinity/sodicity

Chemical agpeots
Partility aspecks
Differentiating

oriteria

Limitation for
furrov irrigation
Limitation for
basin irrigation
Suitability for
irrigation(after
land improvement)

H

s

gtrongly sodic from 50cm and slightly saline
from 100cm depth,

as far AR3sa

ag for AQlsa

these soils differ from the previous ones
(mapping unit At3sa) by their colowr, fim olay
topscil texture and sodicity from 50cm depth.

strongly sodic from 50cm and slightly saline
from 100cm depth.

as for furrow irrigation, in addition to
stratified, friable sandy loam to sandy clay soils.

moderagtely sultable for furrow irrigation and
marginally suitable for basin irrigation (paddy rice).

5.3.2. River basin soils

Mapping wnit 401
Egtent - - O ¢
Moso/micro relief
Siope
Vegeta.‘blon

Lend use
Soils

Sal:.m.ty/ sodi ol'by

Chemloal aspects
' topsoil

27ha

nil. .

0-2% o

tall grassland with few acacia irees

g'r'lz:mg emd irrigated paddy rice.

:.mperfectly dramed. to uoorly dra.med extremely deep
(deeper than 2000m) daxk brown (7 SYR 3/2), fim olay,
with da.rk grey (10¥R 4/1), mot‘tled. flrm, sa.ndy clay
from 100cm depth The structure ig weak to moderate,
fine %6 medium, subangular blocky.

non sal:.ne and non sodlc thrcmghout.

pHéF.{zO is near newtral (6.9), pH-KCL is 5. 6; both

© CEC and base saturatlon are hlgh, viz, 38. 5me/100g and.

704 rospoctively.

000'./120
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River basin soils contbtd.

subgoil

Fortility aspects

Limitation for

furrey irrigation

Limitation for
basgin irrigation
Suitability for
irriga,'tion(a,fter

land improvements )

Mopping unit Ab2
Extent

Meso/micre relief

Slope s
-Vegeta.tion
Soils ¢
Salinity/sodicity

Chemical aspects
Fertility aspects
Limitation fox
furrow irrigation
Limitation for
bagin irrigation
Suitability for
irrigation{after
land improvement ).

H

$

matter content (%C 0.74).

pE-H,0 ¥aries with depth from slightly alkaline (7.9)

to moderately slkaline (8.4), pH-KCl also varies with depth
from 6.3 to 6.8; CEC is high but decreases with depth
from 53.0 me/100g to 31.0 me/100g and base saturation is
very high, varying from 51 to 98%.

the soils are slightly acid, and are low in organic
The major nutrients phosphoruus

- (P 48ppm); potassium (X 0.5me/100g), calcium (Ca 11.0 -

*
b4

H

90

e . 13

<.

me/100g) and megnesium (Mg 7.4 me/100g) are suffioiently

available.

imperfactly drained to poorly drained, fimm clay
{poor worksbility, low permeability).

no apparent limitation

nodearately suitable for furrow irrigation but
highly suitadble for basin irzigation.

3.5 ha.

8light depression.

0-1% .

swamp grass (Hclmocloas spp.).

poorly drained to very poorly drained, extremely
deep (dpeper than 200cm), dark brown (10TR 3/3)
%o very dark.grey (10IR 3/1), fimm cley.

non maline and non sodic throughout. |

as for AW '

ags for Avd

poorly drained to very poorly drained, firm clay,
swampy and waterlogged (poor workability).

no apparent limitation

moderately suitable for farrow irrigation and highly
suitable for basin irrigation (paddy rice).

....0.'/13.
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5.4

Soil fertility status

-13 -

The appraisal of the soil fertility in the survey area is based

on the chemical analysis of non-~composite topsoil samples taken from

representative profile pits in each of the major soil mapping units.

However, this appraisal should be regarded as a very general onc due to
+the limited number of samples analysed.

The analybtical data on the available nutrients are presented in

table 2.
Toble 2 Available Nutrisats (Mehlich analysis)

Field Designation AT A2 Al3sa Ab1
Profile No. 179/89 179/90 179/92 179/91
Iab. No. 11626 11619 11631 11638
Depth in ome 0-30 0-17 0-10 0-15
pH 6.3 6.6 5.3 6.3
Na me/100g 0.84 0.66 1.58 0.48
K n 0.57 0.50 0.60 0.52
Ca " 11.9 11.2 7.0 10.8
Mg 9.1 8.0 5.0 T.4
o " 0.98 0.93 - 0.45 0.91
P ppm 65.0 65,0 32,0 48.0
c% 0.74 0.53 1.77 0.74
Hp m.eh - - 0.4 -

availability of the major nutrients (P, X, Ca and Mg) is sufficient.

The goils are moderately acid to slightly acid (pH 5.3-6.6) and the

However, they are low in organic matter (c%), oxcept for mepping unit

A13sa which has a moderaie level of organic matter (¢ = 1.77).

The Cation Exchange Capacity (C.E.C) values which may also be
used as a measure of the potential productivity in terms of the capacity -

of the soil to retain and supply plant‘ nutrients, are qu.i_te high for these

soils (see Appendix 1 - Soil Analybical data).

For optimun production of crops however, nitrogenous fertilizers

(viz. Amoniun Nitrate, Caloium Ammonium Nitrate, Urea, etc.) and Farm Yard

Menure (FYM) should be applied.

senes/14
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6, LAND SUITABITITY POR SURFACE TRRIGATICN

Surface irrigation refers specifically to basin and furrow irriga-

tion methods. Basins are flat areas surrounded by low ridges or dykes.
They are flooded with water and are suitable for rice growing, as rice
requires a substantial amount of standing water during its growth peried.
Plat areas with heavy clay seils which will not "take" weter readily are
usually recommended. Furrew irrigation is commonly used for raw creps such

as maize, vegetables, bananas, tree crops, etc. Irrigation water is breught

'in a furrow or ditch and run in smaller furrows between the crops.

Two kinds of interpretative land classification for irrigation
have been used: .

o) Current land suitability: an appraisal of the suwitability of land

for a specific use (surface'irrigation in this case) without
zignificant land improvement measures which would alter the present

limitations and qualities of the land.

b) Potential land suitability: an appraisael of the potentialities of

PR L AT e

the land units, indicating the level and type of land improvement required
on the one hand, and the suitability for irrigation after land improvements

on the other hand.
Four classes of land suitability ave used, and their basic

definitiong are given below:

Class I: these are lands that are highly suitable for irrigated farmingy
" being capable of producing sustained and relatively high ytelds of
climatically adaptéd crops at reasonable cost., These lands poten-

(S

tially have a relatively high peyment campacity.
Class I1: lands that'have a moderate suitdbilify for irrigation. These are

usually either adaptable to a narrower range of creps, more

eipensive to devélbp for irrigatien or less productive thdn eclass 1.

Totentislly thesge lands have interwediate neyuent capacity.

Class III; lands that heve a marginal suitability for irrigation, They are

— less suitable than class 2 lands and usuallv have either a

gserious single deficiency or = combinatien of several moderate

deficiéncies in soil, .topography or drainage properties.

eed/15,
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Clags IV: lands which are considered uasuitable for irrigation due to very

severe deficieucies and limitations. Their reclamation may not
bs technicelly or economically feasible, depending on the type
and level of the limitations.

The different categories of limitations ares

- Soil limitations (symbol "S")-: based on the texture of the topsoil,

Anfiltration rate, soil depth, clay pans or hardpans, topsoil stoni--

ness and subscil permeability.

- Salinity and sodicity limitations (symbol "A")-: based on the total
salt content and the sodium percentage ocourring in the profile.

- Drainage limitations (symbol "W®)-: based on the degree, depth and
colour of motiling: groundwater depth and temporaxy waterlogging.

Table 3 gives the limitations of the various mapping units for basin and
furrow irrigation.

The current land suitebility, the main limitations and the extent
of scach soil unit are given in table 4. The additional capital lotters
to the Roman figurss denote the factor (s) imposing the limitations. The
key to the land improvement requirements and the definitions of the land
improvement levels are also shown in table 4 and in appendix 2,

The potential suitability classification is arrived at by

congidering the cumilati %ffeot of several persisiting lend limitations
productlve

which will affect iis ‘/ - capacity. The potential suitability classifioca-

tion for basin irrigation of paddy rice is given in tabls 5.

'QOOI'O'/16Q
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Table 35 Major limitations of the soil mapping units

Moapping unit

Limitations

Turrow irrigation

Basin irrigation

Al

L topmoil of firm olay (poor
| workability)

well drained to moderately well
drained, friable, sandy loam to
sandy clay (high permeability)

A12

moderately well drained,

soils with fixm clay in |

mthe“deeper subsoil

( 150cm depth)

stratified, loose to friabls,
sandy loam to sandy clay soils
(high permeability)

43

no apparent limitation

moderately well drained to
imperfectly drained, friable,
sandy loam to sandy clay soils
(righ permeability)

ABsa

slightly saline and
moderately to strongly
sodic from 100cm depth

&s for A13, and in addition
8lightly saline and moderatoly
to strongly sodic from aboub
100cn depth

AlUsa

strongly sodic from 50cm
and slightly saline from
100cm depth

o8 for furrow irrigation, in
addition to stratified, friable,
sandy loam to sandy oclay soils
(high permeability)

Ab1

imperfectly drained to
poorly drained, firm olay
(poor workability end low

permeability)

no apparent limitation

Ab2

poorly drained to very

poorly drained, firm clay,

swampy and waterlogged
(poor workability)

no apparsnt limitation

coaesos /1T,
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L

T~ gpBIE As Land, suitability classification and land

improvement requirsments’

Ve

~"'for furrow irrigation

(row crops)

Soil Current [ Land Potential Extent
Mapping Suitability Improvement | Suitability (in ha)
Unit (Surface requirsments | (Surface
Trrigation) Irrigation)

- " — e o
A2 8 a 25,0
A3 I,{[W d 12.0
Al3se E: 20 D1 IIA 16.0
Al4se, VWA oL I14 6.0
AbL VWS D 118 27.0
A2 IS D ITS 3.5

Key to land improvement remqulrements

aytificial drainage

()

o 9 =

initial salt leaching

and goil a.1endments

(1)

{= B < T

veeees/18,
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Table 5¢ Potential Land _guiladility classifioation‘Ibm\basi;~ixxigation

of paddy rice.

Mapping Unit Potential land suitability Extont (in ha)
Ay II S 4.5
A%, II 8 25.0
M, iI s 12.0
A sa IIX sA 16.0
Ayysa CIIT sA — - 6.0
Abl I 27.0
Ab, I 3.5

CONCLUSIONS AND RECOMMENDATIONT

The soils of 0da Irrigation Scheme were investigated in detail,
covering a total of 94.0 ha comprising the existing scheme and the

proposed extension.

Mapping units Azl, A12 and A13 ars considered as highly suitable for
surface irrigation after land development, while the other waits
(A33sa, A143a, Ab1 and Abz) are considered as moderately suitable for
furrow irrigation after land development due to various limitations
(see Table 3).

Virtually all the river basin (backswamp) soils, comprising of
mapping units Ab1 and Ab2, are cousidered to be highly suitable for
basin irrigation of paddy rice affer land develoyment. These soils,
which mainly fall within the river levees are considered to be
moderately suitable fo marginally suitable for basin irrigation of
paddy rice after land development (see Table 5).

Most of the old scheme has been developed for basin irrigation. it is
however proposed that about ons half of the total area should be
developed for farrow irrigation of row crops. This area should be
located in the levae soils of mapping units A1, A2, A13, Al3sa and
Alisa. The other half of the area should be developed for basin
irrigation of paddy rice. This would be located in the river basin
goils of mapping uniits Ab? and Ab2.

veesed/19.
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éfoper drainage improvement measures should be given a high
priority in the development and long term planning of the schems.
Mapping unit A13sa ig moderately ‘o strongly sodic and slightly
Baline from about 100cm while mapping unit AV4sa is strongiy"
sodic from 50cm and slightly saline from 100cm. Irrigation and
drainage should therefore be given special attention in these two
units.  Application of gypsum would have a positive effect by
keeplng the ESP vaelues down and also 1mpnov1ng the soil structure.

Pox rice cultlvatxon, 1t is recommended to &rov only one orop in a
year to allow for proper drainags of the soils for a certaln period
of the year.

Flooding by the Tana river presents a major hazard, which, if
mcontrolled wiil disrupt or destroy crop growing in the fields.
™lood protection dykes should therefore be constructed all around
the irrigated areas., The dykes should be strong and high enough
to stop the highest possible floods,

oo.-oooo’on/zoo
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SOTL ANALYTICAL DATA

¥SS. Profile No. 179~39
Mapping Unit Alt

11630

Lab No./79 11626 11627 11628 11629

Sand % 22 12 24 T2 70
Silth 26 22 12 12 6
Clay%b 52 66 64 16 24
Texture class c c C SL SCL
pH-H20 132} suspension 7.2 7.1 7.1 9.0 8.8
pH-KC1 13:2% n 5.6 5.8 6.0 6.8 1.6
EG(mmhos/cm) 1:2% susp. 0.12 0.85 0.90 0.25  0.70
C % 0.74 0.50 0.56 0.09 0.09
CEC(me/100g) 43 50 49 5.8  10.9
EXCHANGRABLE CATIONS:

ca (me/100g) 20 26 24 2.8 4.2
Mg " 12 14.8 14.3 3.04  3.76
K n 1.03 0.36 0.39 0.15  0.19
e " 0.95 3.55 6.85 3.55  7.05
Sun 33.98 44,71 45.54 9.54 15,20
Base saturation 79 89 93 100 100
2.8.P, 2 7 14 61 67

ceeeao/22,
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APPENDIX I: DBETAILED DESCRIPTION OF REPRESENTATIVE SOIL PROFILES

Mapping Unit A“l
Geology
Physiography
Relief, macro

" , meso/micro
Vegotation/land use

Erosion

Surface stoniness

Rock outecrops

Flooding

Slopa gradient
Effechive soill depth
Internal drainage class

0-30cm

30-56cm

56..70cm

T0-90 cm

90-1100om+

AND ANALYTICAL DATA

Profile No. 179-89

¢ recent alluvial deposits

¢ river levee (of the Tana floodplain)
level

[

none
tall grass (star grass spp.): paddy rioce, green
grams, waize and pawpaws are cultimated.

*

nil.

on

¢ nil

none

114

Lo

frequent

0-2%

¢ extremely deep (200cm:)

o0

oe

moderately well drained to well drained.

very datk grey (5YR 3/1) clay: massive structure;
firm when moist, sticky and plastic when wet;
few, very fine o fine pores; gradual and wavy
transition to:

dark reddizh brown (5YR 3/2) clay; weak, medium to
coarse, subangulaxr blocky structure; firm when
moist, sticky and plastic when wet; few, very fine
$o fine pores; gradual and wavy transition tos

dark reddish grey (5IR '4/2) clay; weak, fine to
medium subangular blocky structure; firm when
moist, sticky and plestic when wet; few, very fine

to fine pores; abrupt and smooth transition tos

reddish brown (5YR 5/4) sandy loam; weak, coarse,
angular blocky structure; very friable when moist,
slightly sticky and slightly plastic when wet:
meny, fine and coarse poresg; gradual and smooth
transition tos

reddish brown (2.5YR 4/4) sandy clay loam: weak,
coarse, angular blocky structure; very friable when
moist, slightly sticky and slightly plastic when
wet; many fine and coarse pores,

ob'lg/z_,3,.'



KS8S. Profile No. 179 - 90

Mapping Unit A A2

-~ 23 -

Lab. No/79 11619 11620 11621 11622 11623 11624 11625
Depth in om 0-17  17-35 3543 43-62 62-73 73-97 97-110+
Sand 4 22 34 28 2 20 28 20
Silt % 26 32 22 34 36 44 36
Clay % 52 34 50 24 44 28 44
Texture class G CL H L C CL ¢
pH-H20 1:2% suspension 7.5 7.4 6.9 7.9 7.9 8.2 8.0
pH-KC1L 1323 " 59 6.2 6.0 6.3 6.2 6.3 6.4
EC(mmhos/cm) 1225 susp. 0.19  ©.10 0.10  0.06  0.09 0.14 0.08
¢ % 0.53 0.59 0.29 0.12 0.29 0.09 Q.84
CEC (me/100g) 49 20.8  45.5 18.4 34 20.8 34.6
Ca, " 24.0  11.9 20.0 10.8 20.8 16.0 18.0
Mg t 13,6 6,56 12.4 5.48  10.0 7.24  10.4
X " 0.98  0.42 1.13  0.17  €.28  0.17 0.22
Ve, e 1.33 0,51 1.05  0.55  1.13 1.05 1.5t
Sum 39.91 19,39 34,58 17.0  32.21 24.46  30.13
Base saturation 82 93 16 92 95 100 8"(
BE.S.P. 3 3 2 3 3 5

R -I



Mapping wnit A12

Geology
Physiography
Relief, macro

" , meso/micro

Vegetation/land use

Brosion
Surface stoniness
Rock outcrops
Flooding
Slope gradient

Effective soil depith
Internal drainage class

O-~-17 om

17-35 om

35-43 om

43-62 cm

- 24 -

Profile No. 179-90

1 recent alluvial deposits
river levee (of Tana floodplain)
level

cowfotoes

1

oo

©a

bushed grassland (toll riverine grasses);

oo

mairly grazing but patches of bananas are
cultivated,

nil

o0

nil

ee

none

©0

frequent

s 0.2%

¢ very deep (over 120cn)

¢ moderately well drained,

ce

dark brown (7.5YR 3/2) clay; strong, medium,
blocky siructure; firm when moist, sticky
and plastic when wet; few, very fine and fine

poress abrupt and smooth transition tos

dark brown (10YR 3/3) clay loam; weak, fine to
medium, subangular blocky structure; firm when
moist, sticky and plastic when wet; common,
fine and medium pores; clear and smooth

Yransition to:

dark brown (7.5YR 3/2) clay; weak, fine,
subangular blocky structure; firm when moist,
gticky and plastic when wety common, fine

end medium pores; clear and smooth transition to:

very dark greyish brown (10YR 3/2) loam;
weak, fine, subangular blocky structure;
frioble when moist, sticky and plastic when
wet; many fine and medium pores; abrupt and
smooth transition tos

coeeses/25,



62-73cm

73-97 ¢m

97~110 cim

very dark grcyish brown (10YR 3/2) clay; weak,
fine, subangular blocky stmctui'eg firm when

moist, sticky and plastic when wet; many, fine
and mediwum pores; clear and smooth tramsition

tos

~ dark brown {(10YR 3/3) clay loam; weak, fine, . .

subangular blocky structure; friable when moist,
gsticky and plastic when wet: meny, fine, medium
and coarse pores abrupt and smooth transition

tos

very dark greyish brown (10YR 3/2) clay; weak,
fine, subangular blocky structure; firm when
moist, sticky and plastic when wet, common fine

and medium pores.

ceeeed/26.
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XS3. Profile No. 17% - 92

Hopping Unit Ag3sa

Labe No./79 11638 11639 11640 11641 11642 11643
Depth in om 0-10 1016 1635 35-53 53-82  82-110+
Send % 54 94 66 60 53 56
Silt % 6 0 8 10 10 10
Clay % 40 6 26 30 32 34
Texture class SC S SCL SCL SCL SCL
pH-H20 %:2% susp. 5:7 6.6 Te7 8.3 9.2 9.8
pH-KC1 1:2% v 4.7 5.7 6.0 6.5 7.4 8.6
EC (mmhos/om) 1:2% susp, 0.35 0.15 0.15 0.35 1.4 1.3
c% 1.77 0.52 0.52 0.52 0.46 0.46
CEC (me/100g) 30.6 3.8 14.4 17.6 15.2 18.4
EXCHANGEABLE CATIONS: '

ca (me/100g) 10,4 1.6 6.4 6.0 7.6 13.6
Mg " 4.88 0.64 2.8 2.96 2.56 3.36
X n 0.93 0.06 0.39 0.42 0.44 1.48
Wa i 2.01 ~51 2,01 5.65  13.35  20.85
Sum 18.22 2.81 11.6 15,03 23,95  39.29
Base saturation 60 T4 81 85 100 100
E.S.P. 7 13 14 32 88 100
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Mapping unit A3sa

Geology
Physiography
Relief, macro

" ,_meso/mioro

Vegetation/land use”

Erosion .
Surface stoniness
Rock outcrops
Flooding

Slope gradient

Effective soil depth
Internal drainage class

0—10cm

10~-16 cm

16—35.cm

35-53 ca

-27 =

Profile No, 179-92

s recent alluvial deposits

river levee (of the Tana floodplain)
lewval '

1

nil

grassland (star grasses and swamp grass spp):
grazing.
nil

23

g nil

oo

none

frequent

0-2%

s very deep (deeper than 120cm)

¢ moderately well drained to imperfectly drained.

very dark grey (5IR 3/1) sandy clay; weak, medium,
subangular blocky structure; friable when moist,
gsticky and plastic when wet; common, fine and

medium pores; abrupt and smooth transition tos

light reddish brown (5YR 6/4) medium sand;
gingle grain structurs; loose when moist, non
sticky and non plastic when wet; many fine,
nedium and coarse pores; abrupt and smooth
trensition tos

dark brown (10YR 4/3); many, coarse, distinct,
dark red mottles; sandy clay loam; messive
structure; friable when moist, slightly sticky
and plastic when wet; many fine and medium pores;
gradual and wavy transition to:

browr (10YR 5/3), many, coarse, distinct, dark red
nottles; sandy clay loam: weak, fine to medium,
gubangular blocky structure; friable when moist,
slightly sticky and plastic when wets common

fine and medium pores: gradual and wavy

transition tos

creoes/28,
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82-110cm

brown (7.5YR 5/4), meny, coarse, distinct, dark
red mottles; sandy clay loamj weak, fine to medium,
gubangular blocky structure; friable when

mois®, slightly sticky and plastic when wet;

common fine and medium pores; gradual and

wavy bransition tos

yellowish brown (10YR 5/4), many coarse,

digstinct, reddish yellow mottles; sandy clay

loams; weak, fine to medium, sﬁbangular blocky
structure; friable when moist, slightly sticky
and plastic when wet; common, fine and medium

pores. .
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KSS. - Profile No. 17%9-31

Mapping unit Ab1

11631

Lab No/79 11632 11633 11634 11635 11636 11637
; Depth in om 0-15  15-36 33580 80~105 105-117 117-137 137-160
Sand % 28 20 10 10 12 26 48
id ST 4 e g — 40
Clay % 44 62 16 72 82 66 42
L Texture class C C C C ¢ c SC
{ pH-H20 1:2% susp. 6.7 7.9 8.0 7.5 6.8 6.8 8.4
PH-KC1 1:2% susp. 5.6 6.3 6.5 6.3 5.6 5.7 6.8
' EC(mmhos/cm) 1224 susp. 0,12 0.20 0,30 0.4 0.5 0.51 0.36
;y C% 0.7 0.73 0.61 0.61 0.58  0.52 0.32
l‘ CEC(me/100g) 38.5 51.8 57.8 65.8 76.8  59.5 30.6
I ERCHANGEABLE CATIONS:
§ Ca (me/100g) 18.0 28,0 30.0  30.0 24.0  20.0 20.0
' Mg " 7.6 12.4 14.0  15.2  13.2  11.2 1.44
X " 0.53  0.44 0.44  0.43  0.31 0.26 0.21
‘ Na l 0.69  1.05 1.41 .79 1.95 2.1 2.21
’ Sum 26.82  41.89 45.85 47.42 39.46 33,57 29.86
Base saturation 70 73 80 72 51 57 98
E.S.P. 2 2 2 33 4 [
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Mappine unit Ab]

Geology
Physiography
Relief, macro

H ' meso/micro

Vegetation/land uss

Erosion

“Surface stoniness..

Rock outcrops

Flooding

Slope gradient
Effective soil depih
Infernal drainage class

0~15cm

15-36 cm

3680 cm

80-105 cm

- 30 -

Profile No. 179-91

¢ recant alluvial deposits

¢ River Tena floodplain (backswamps)

s level

s nil

s bushed grassland (star grass and swemp grass);
mainly grazing

oa

nil

ndl

nil

on

s frejquent

s 0-2%

s very deep (deeper than 150cm)
¢ pocriy drained.

dark brown (7.5YR 3/2); many, medium to coarse,
prominent, red mottles; clay; strong, coarse,
subangular blocky structure; very firm when moist,
sticky and plastic when wet; few, very fine and

fine pores; graduval and wavy fransition tos

dark reddish brown (5YR 3/3); many, fine to medium,
faint, reddish brown mottles; clay; weak, fine,
sukangular blocky structure; firm when moisi,

sticky and plastic when wet; few, very fine and fime

pores; gradual and wavy transition tos

dark reddish grey (5YR 4/2); common, fine, faint,
brownish red motitles; clay; weak, fine, subangular
blocky structure; firm when moist, sticky and
plastic when wet; few, fine pores; gradual and

vavy transition to:z

daric brown (7.5 YR 3/2); common, medium to coarse,
distincet mottles: clay; moderate, fine to

medium, subangular blocky structure; firm when
moist, sbicky and plastic when wet; few, very fine

and fine pores, gradual and wavy transition tos

0‘00000/310



. 105=117-om

117-137 om

137-160 cm

- 31 -

dark reddish brown (5YR 3/3); medium and coarse,
distinet, dark red mottles; clay; moderate, fine
to medium, subangular blocky structure; firm when
moist, sticky and plastic when wet; few, very fine

and fine pores; clear and smooth transition tos

very dark grey (5YR 3/1); many medium and coarse,

prominent, dark red mottles; clay; weak, fine to

medium, subangular blocky structure; firm when
noist, sticky and plastic when wet; few, very fine
and fine poresj clear and smooth transition to:

dark grey (5YR 4/1); common, fine and medium,
prominent, reddish yellow mottles; sandy olay;
weak, fine to medium, subangular blocky structure;
friable when moist, sticky and plastic when wet;

common fine pores; caloarsous.
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