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Introduction

At the request of the Tmpa River Development Authority (mm), a site
evaluation was carried out of to determine the irrigation potential of the
East bank of the Lower Tana river ("Bura-east area"), The request was.made
in view of the proposal to start a major irrigation scheme in the area, as
a complementary to the Bura (-west) scheme of 14,000 ha, which is already in
an advanced stage of planning. . .

Tn an earlier KSSP site eveluation report (no, 14, Sombroek et al, 1974)
it was already indicated that a sizeable tract of land east and south of Bura
village might be moderately to marginally suited for large-scale irrigation
of field orops.

Recent computer-based hydrological studies by TRDA technical staff have
revealed that et the moment the amount of low-season Tana river water available
for irrigation in the Lower Taena region would serve 20,000 ha, The available
water would however increase substantielly if one or more exira storage dams
would be constructed in the upper Tana region for additional.power generationy
Since a weiristobeconstructed in the Tana river neer Nanigi, for the intake
of the irrigation feeder canal for the Bura~west scheme, it was wondered whether
the same structure might be used for a similar canal on the East bank.

Preparatory photo interpretation of anh area of + 3754000 ha was executed
in March-April 1974, using aerial photographs scale 12804000 of 1963 or
earlier (R4A.F/Survey of Kenya)s Three short periods of fieldwork were
involved: one week in April 1974 (Messrs Sombroek, Okwaro, Ngari and Leyder),
two weeks in July 1974 (Messrs Mbuvi, Ngari and Kibe), and two days in
November 1974 (Messrs Sombroek and Mbuvi), About 36 representative soil
profile pits were deseribed and tested for pH and electrical conductivity with
portable equipment, while also observations on the vegetation were carried out.
Samples of all pits were also analysed at the National Agricultural
Laboratories in Nairobi, under supervision of Mr, Leyder, Because of pressure
of other analytical work, notably on soil samples from the Bura-west feasi~
bility study by Ilaco Co,, the results of the laboratory analysis were
substantially delayed. Using the same 180,000 photography, also the Hola
area on the{wgstbank was studied, This allowed a comparison of the photo
interpretation pattern of the East bank with.soil-topography conditions in
the area of the Hola pilot irrigation scheme, which is already in existance
for some ten years and on which (seml) detailed soil surveys have been
carried out by Ilaco Co.
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-Two advance notes on the findings of the site evaluation were forwarded to
DA, on 25«5-T4 and 26-2-T75 respectively, the latter including a draft map with
delineation of the most suitable area and a suggested alignment of a feeder
bnal,

It should be stressed that the present mepping and suitability evaluation is
ry preliminary, A fullescale feasibility study should be.preceded by a proper
pri-detailed soil and topographical survey (see section 5, "suggested follow=up)e
Environmental Conditions
2s1. Location and Communications

The study area of about 375,000 ha, forms part of Garissa Distriet in
North-Eastern province and is located oh the Bast bank of the Lower Tana .
river, It stretches (see map attached) from the villages of Jara (39050'E,
0% 45'S) and Hola (40°,00'E, 1°,30'S), both on the Tana river, $ill
longitude 40°,20'E, Bura and Masabubu are the only villages nowadays
existing on the Bast bank itself (Nanigi having been deserted during the
"shifta" troubles), Bura village is comnected with Garissa in the North
by two roads, one passing over a relatively high lying plain and a lower
one right alongside the Tana floodplain, It is also connected with Kolbio
(now called Hulugho) neer the Somali border in the east via Galma Gella,

It is further connected via Ijara with Lamu on the ocean coast. All these
roads are without any surfacing and are at present in quite poor eondition
not permitting car traffic during the short but often intense rainy seasons,
On the topographic maps of the area (1:50,000 and 1:250,000, Survey of Kenya)
several "out~lines" are indicated; that were prepared for a Shell-BP oil
exploration programme around 1960, At present these cutlines are however

| di£ricwlty aiscernable in the field and are herdly motorable,

The area oan be reached overland only via Garissa (or Lamu); no

| connection with the West bank exist, except for a dug-out canoce erossing at
Bura villages The village has however air communication through a landing
strip for small aireraft, It contains a police posty a DiO.'s office and a
few emall shops (dukes), but hardly any other facilities,

' 1 2424 Geology and geomorphology, altitudes and drainage

{ As regards geology, the area is composed of unconsolidated Iate Tertiary
““Nand Quarternary sediments which are partly marine and partly fluviatile/
Hlacustrine, :

Therlerirae sediments (unit Tpl, "Pliocene sands and clays" of the
npublished maps and reports of Matheson, 1961) consist of pebbly sandy olays
phat are strongly saline and alknli and therefore very liable to gully erosion
badlands, mapping unit Sb of attached mep), Apart from the Tana floodplain,
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vhich oonsists of recent river alluvium, all other sediments are of
Pleistocene (or Early Holocene) age, of fluvietile and lacustrine deposition,
It apparently often concerns only a re-sorting and re~deposition of the older
marine sediments (which accounte for the abundance of saline-alkali soils in
the area), In Matheson's draft mape these Pleistocene sediments figure as

Qg ("grey sandy olays"y moin part of the study area), as Qr ("red sandy soils";
some stretohes, mainly in the northwestern part) and as Qb ("black-cotton soil",
meinly in the southeeast of the study area), In oontrast with the situation
in the Garissa area, these denominations do not always match well with the
geamorphologic levels (see below) nor is the description always very adequate.
The "red sandy soils" in the study area are certainly not identical to those
of the higher-level sedimentary ploin, or "red-sand plain", of Garissa~Wajir
(ef, unit Sp 3 Of(:l;broek et al 1974) because the sandy aspeot continuous
only till a few decimeters depth (see wnits Sp 2d and Spld se deseribed below),
4lso the pattemn eppears not alweys carreot (Mateson's mapping in this
particular arca was ncarly exclusively based on photo interpretation).

Geamorphologically, the ares appears to consist of two levels of regional
sedimentary flottendng:
a) an older plain in the north (units Sp2), that is characterised by a very
clear.pattern of tiny white dots on the aerial photographs: "intermediate-
level, white-dot plain"s
b) @& younger ploin in the central and southern part of the area (units Spi ),l
with only a vague dot or ripple pattern or a homogencously light greyish aspeot
on the aerial photo's: "lower-level, grey-clay plain", The latter unit contains
& number of parellel-running low ridges, that are infoot transitional to the
older plain, In both main units o number of equally parallel-running narrow
depressionnl strips oceur, that have o homogeneously dark grey tone on the
aerial photographs (units Sp2v and Spiv of the attached map), The upper plain
is ot about 450 feet* altitude (135m), which is about 100 feet (30m) above
the locel level of the Tano river and has a gentle gradient of about 1,5m/km
towarde the south-east, Where the plain is touched by the Tana floodplain,
& valley side occurs, with irrcgular, partly scarp-like, slopes of about 5-10m/
Jn (unite Sb and Ss),

The lower plain is situated at about 300 feet altitude (9cm), which
near Bura village is only about 15 feot (5m) above the Tana floodplaing
further downstream the relative height gradually inoreases to about 75 feet
(25m) above the floodplain, The terrain has a very gentle gradient/slope
in south~eastern dircotion of 0,5 = O.1m/km, with similarly gentle seoondary
gradients towards the parallel depressional strips mentioned.above.

{231 height indications on the existing topo-maps are still given in foot,
.‘.../5
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Also this level has a valley side where touched by the Tana river, but in this
oase whth more gentle slopes {averege 6 w/im),

Drainage: Apart from the relatively small stretches of valley sides, which
drein into the Tana, the drainnge of all the land is very systematically away
from the river to the south~ecast, following the parnllcl depressionsl strips
(units Sp2v, Spiv), The relief differences are however so gentlee-and the
substratun of the land apparently so impermeable - that much of the land is
imperfectly so poorly drained, Apart from the Tana river on the western boundary,
there are no permanent or even ephemeral streams, After heavy rains much
water accumulotes in the Splv and Sp2v strips for considerable time,

The physiography of the areo as o whole is quite distinet from the
situation on the West bank, On the East bank the soil-topography pattern
concerns broad, apparently homogeneous and largely parallel stretches, The
West bank however shows o very intricate pattern. With a few notable except-
ions 1like the "Camborthid" arec, there are distinet differences in soils and
(meso-) topography at short distonces and such in o quite irregulor pattern,
This is not only exemplified by Ilaco's ‘recomnndssance/semi-detoiled soil
unps of the West bank (see references), but is also apparent from even a quick
comparison of the imnges on the 1:80,000 photo's of the East bank with those
of the West bank, It seems that the brond (Pleistocene) geomorphologic/
hydrologic NW to SE pattern of the East bank has remained practically unaltered,
but that o similar pattern on the West bank (still visible from the air in
patches located.some 40 kms west of the river) was broken up by a subsequent
¥ %o E drainnge, and sediment re-deposition in o "braiding" pattern by & mmber
of ephemeral streams coming from as far as the Kitui esoarpment (some 200 kms
Jawoy)e Their large catohment area must have resulted, during some time(s)

Jin the past, in a strong erosional and depositional foroe,

243, COlimate
Climntic oonditions in the study aren should by all means be comparable

th those of the West bonk, On the latter the various Ilaco reports give
bstanticl information, Therefore only a summary is given heret

The climate is hot and semi-arid. Total annual roinfall should be in
he order of 450 mm, with & bl-modal pottern; most rain falls in April
280 mn) and in November-Deccmber (clso = som/month), These rainy seasons
¢ however quite unreliablece On the one hand years may occur when theve
5 Pmotioally no rainfaell at all; on the other hand very heavy downpours may take
noa-'~ also outside the rainy seosonse ~They : result in high run-off and
~ WBtrong sheet (and locolly gully) erosion, especially on those arens where the
Joils are 1iable to surface seoling (wnits Sp2d, Spid, Sb and Ss),
: Temperatures are high throughout the year (25-30°0, monthly avercges),
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which results in a high potential evaporation of approximately 190-200 mm
per month, The following table may illustrate the situation,

_ (Table 1)
Roinfall (from EAMD 1973), m

J B M A M J J A S 0 N D Yeor
59000 13 yrs 17 6 52 102 22 8 7 4 8. ..8% 1T 88 443

4005 12 yrs 27 18 46 i i TR - - - M o TR R v S b 95 5@ 481

Mean air temperature (°) and potentinl evaporation (mm) ot Hola (from Woodhood,
1968),
ercture 28 29 29 5 M 26 85 8S -2 2 28 28

Evapor, 200 . 200 220: 190 190 170 170 180 190 200 190 190 2290

It is obvious that climatic conditions are such that rainfed arable faxrming
is impossible and that any agricultural development beyond extensive ranging has
%o be realised through the introduction of irrigation, With such provision,
however, the growing season is all-year around,.

The vegetation consists of a deeiduous bushland or bushed grasslund, of varying
density and species composition (see legend of mop), but with Acaoin species
(4s reficiens, A Zanzibvarica) and Commiphora species often predomimant, The
grass cover is poor on the higher terrain parts (unite Sp2d, Sp1d), fair to
g0od on the lower terrain parts (especially units Sp1(r) Spir,.and Spiv).

The land use is for extensive grazing only (cattle, shecp, goats, camels),
by the loocal Somali herdsmen, moving freely over the area, Overanll population
density is about 2 inhabitants per mz. Only on the Tana river bank some itinerant
eropping tekes place, making use of the receding flood wators., A small patch of
floodplain near Bura village is being developed for a minor irrigation scheme
(see site ovaluation report no. 14). |

The area has quite a population of geme, both large (elephents) and small,
A species unique to the ares.of Bura~Kolblo-Ijara is the Hunter's hartebeest/
antelope (Damalisous hunterd, "hirola" in loeal langunge).. For its preservation
recently a game reserve was oreated ("Hirola Game Reserve", sec Kenya Gazette of
1974)s It is bound by the Bure~Ijare road in the Bast and the Tana river in the
est, and 1% stretohes £rom Masabubu in the North to somewhat beyond the study
arca in the South (see map). :
Drinking water for man and animal is obtained largely from shallow water pans,
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ound scattered over the plains, that aro recharged with rain water. Towards the
nd of the dry season, however, theg'dryupandthemmis&b'ﬁnw&xmor
pply. All groundwoter in the area is reportedly (ﬁ‘h y: 1971) saline to

g degreey, making it not suitable for humen cansmnptim and often also not
table for cattle drinking,

The Soils
3¢1s Introduction

The provisional mapping of the soils was done on physiographic basis,
relying on aerial photointerpretation end a limited mmber (36) of field
observations ond testing, The exnet locntion of these observntion sites
could not alwnys be established ncourctely owing to the smoothness of the
terrains, the gradual changes in vegetation, and local realignment of the
tracks after the aerinl photographs were token, The description of the
vegetation, in particular, is tentntive since the scale and poor quality
of the photographs do not permit a fair judgement of the representativeness
of the few vegetation sampling sitess The deseription of the most important
choracteristics of the mapping unite, as given in the legend of the map,
represent averogesj individunl profiles are often somewhnt divergent, both
a8 regords field and laboratory data,

The above limitations have to be borme in mind when considering the
following generclised deseriptions, A fullesecale survey may modify some
aspects of the characterisations, The over-all pattern of soils is however
unlikely to change substantially, also because of the very straightforward

physiography.” . ..

3¢2s [The goils of the intermedinte-level sedimentary plain (units Sp2)

This couprises two units, i.e. the genernl terrnin (unit Sp2d) and the
minor relatively low-lying stretches (unit Sp2v),

The unit Sp2d consists of flat to broadly and gently undulating land,
About 37,000 ha are concerned,

The soils (see olso unit Sp2 of site evnluntion report 14) are
imperfectly droined. A shallow topsoil, about 20cm on the average, has a
fair to poor structure (subangular blocky to granuler) and consists of brown
(10YR 4/3), medium to comrse sandy loam with an appreciable percentage of
silte It is non-calcareous, non-saline and non-alkali, but overlies a
pronounced hardpan (columnar structure, extremely hard when dry) or greyish
brown (10YR 5/2) sendy clay losm to clay, which is slightly caleareous and
non or slightly saline but often moderately alknli (ECe 4-8mmho/cm, ESP 12-25%,
often high percentage of Mg): solodized Solonetz of solod/Natrargid.

ovsve/8




The topsoil is stwangly sealing, ond sheetflood ascumulations of reddish
coarse and rother angular samd are common (often choldng road sides). The hardpan
is impepatrable for roots and little permeable for waters The chemical ; :
fertility of thc topsoil is fair, apart from nitrogen which is low (N 0.07%, ©0.4%,
P 20ppmy K 0,2 meq%)s

The vegetation is an open bushed gragslend with Commiphora sSpp. and Acacia -
reficiens and a sparse gress-coverage, It shows a regular pattern of white dots,
(10-20m, 50~100m apart) which is not always easily visible in the field, but very
conspicuous on aerial photographs, These dots represent the nearly completely
flattoned Pemnants of fossil termite mounds, Their surface is nearly bare due %o
very poor soil structure right from the surface (and higher BCe and ESP values).

The structural development of the soils and their salinity/alknliness make
thefi non-guitable for irrigated arable cropping., The interspersing of the slightly
roised whitc dots with their extremely poor soil conditions are an added limitation,

The unit Sp2v consists of parallel narrow stretches of flat land which is
1~3m below the level of Sp2d. The total acreage mapped is only about 3,500ha,
The 50il consists of poorly drained, very dark greyish brown , strongly cracking,
heavy olay, No ochemical analyses were carried out, but most likely the solls are
both saline and alkali from some depth downwards: pellic Vertisol, aline and)
| 8odic phase/natric Grumaquerts

The vegetation is a regularly low bushed grassland, with Acagia species
dominating, and a fair to good coverage with grass and woody herbs, The unit is
conmidered . nonesuitable for large-scale irrigation because of its scattered
| occurrence, its poor drainage, its difficult management (swelling and shrinicing),
zl and the expected salinity/alkaliness and associated easy soil dispersion,

" 334 The soils of the lower—level sedimentary plain (units Sp1)

. This plain contains & number of mapping units. In topographical sequence

| fron high to low they are the followingd

. The unit-Spid, oonprising 28,000ba, oonsiste of flat o gently undulating low-
| ™dge terrain, The soils are imperfectly draineds A shallow topsoil of 10-20 on,
J20d of fair structure (subangular blocky) consists of mainly brown (10YR 4/3,

| Sometimes 3/2) medium.to coerse sandy clay loam (to sandy clay)y which is predomi-
nontly non-celeareous, non-saline and non-alknli, This changes abruptly to.a gub-

] %911 of whioh the upper part forme & pronounced hardpan (columer structure, very

| %0 extremely hard when dry) ond that consists of a dark greyish brown (10YR 4/2)
sandy elay, strongly oalearcous (common patches of soft lime), moderately to

| strongly saline and strongly alkali (ECe about 10 mmho/om and ESP 25% in upper part,
| 8bout 25mmno/on and 35% respectively fron about 60 en): solodized Solonetz/Natrongid.
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The topsoil is strongly sealing (a 2-5 mm thick,dense and platy capping),
with local sheetflood accumulations of reddish coarse loose sand grains, The
hoardpan is nearly inpenctrable for roots and little permeable for water, The
chemical fertility of the. topsoil is fair to moderately high, except for nitrogen
(¥ 0,07%, C 045%, P 20ppm, K 0.2meq%)e '

The vegetation is a bushlan’ or bushed grassland with Agocia species (notably
A, reficiens), Commiphors species c.0s, and a sparse grass oover (n.o. Chloris
virgata and poxburghians), ,

On aerial photographs there is a pattern of "white dots", though less pronounced
than on unit Sp2d (see above), In the present case the dots often have a dark
centre of vegetation, on still preserved rests of the fossil termite mounds,

The unit is considered non-suitable for large-scele irrigation development
because of the structural charncteristics of the soil (hardpan) combined with the
high salinity/allmli levels in the subsoil, and the presence of the slightly
reised white dotss The present arable layer is very shallow and leaching of the
salts/Na and structural improvement of the subsoil is strongly hampered by the
hardpan; reclamation would therefore be very difficult and expensive.

Unit Sp1(d)s,comprising 84,500 ha, consists of flat lond of which the meso-relief
is howevor somewhat irregular (differences of 50 om or so) due to the presence of
8light depressions (often forming & darker "ripple-pattern" on the aerial photo's)
and/or the presence of slightly raised vague "white dots" (see above).
A These patterns tiauae the soil profile development to be rather diverse, As a whole,
hwever,ﬁn/sogag be said to be imperfectly drained, A topsoil of 10-20 cm is fairly
well structured (subangular blocky to crumbly), brown to dark brown (10YR 3-4/3),
sandy clay loam to light clay, non~or slightly calcareous and mostly slightly saline
end slightly alinli (ECe 5-10 mmho/omg ESP about 20%)s There is usually o clear
Wltransition to a subsoil of which the upper part forms o hardpan (often less
Pronounced then in unit Spid: more commonly prismatic or coarse angular blocky
Mthan columnr, and less hard when dry)e This subsoil consists of dark (greyish)
brown. (10YR 4/2-3) sandy elay o clay, strongly calearecous (comnon patches of soft
“fine), strongly saline and strongly alkali (ECe 10-35 muho/em, ESP 20-50%; the
Wigher figures occuring in the decper subsoil)s (s0lodized) Solonetz/natric
alorthid.or Natrargid, The topsoil sealing varies fron weak and thin to strong
d thick, but there is little loose sand from shectflood action, The hardpan
-8 rather difficulty penetrable for roots and waier, The chemical fertility of
¢ topsoil is high, except for nitrogen (N~ 0,05%, C 9-355, 2 60ppm, K= 0455 neg %).
The vegetation is varieds Often an open bushland or bushed grasslend is
Foncerned, with Acacio reficiens/mellifers, Commiphora species, Salvadora persicc,
ewla species and often the low shrub Salsola dendroidess The grass |
Fover varies substantially in both denseness and specics composition (Chloris
eessss/10
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roxburghdzmay ond virgase, @m& Eragrostis, Daetylootmi% Andropogon |
and Chrysopogon species were observed),

The overall soil characteristics (claypon, salinity, alknliness), combined
with the short-distonce variation in soil properties and meso-topography make *
the unit non-suitable for large-scale irrigation development of normal field
orops. Relatively shallow rooting and salt-tolerant erops like cotton may
however still give a fair yield (in USER terminology: suitability class 40sdt).

The unit Sp_]{gz, oomprising 70,000 ha, consists of regular flat terrain with
little or no "ripple" pattern or "white-dot" features on aerial photographs
(sce previous units); & rather homogenously grey tone prevailss

The soils are imperfcetly drained and have a topsoil of about 15em that is
well structured (mostly. erumbly), and comsists of dark greyish brown (10YR 4/2 -
3/2) sandy oloy to clay, mostly moderately calecareous and non-saline and non=
alkali, There is a wsually graduel transition to a subscil of which the upper
part does not form a clear hardpon (prismatic to coarse angular hlooky). This <
subsoil consists of a dark grey (10YR 4/1) clay, that is strongly calcareous
(abundamt patches of soft lime; carbonate concretions lower-down) and both
noderately to strongly saline and alknli (BCe 10-15 mmho/em, ESP 15-40%, the
higher volues oceurring lower-dovmn): Solonchek, sodic phase/natric Halorthid.
The surface sealing of the soil is thin, if any, and there is 1little or no
loose sand from sheetflood action, The subsoil is penetrable for roots and
noistures most roots of the naturel vegetation arc nevertheless restricted to the
shallow topsoil, Subsoil and substratum have presumably a low horizontal hydraulic
conductivity (no actual measurements), The chemical fertility of the topsoil is
nostly high, except for mitrogen (N 0.08%, C 0,55%, P more than 5ppm, K about
046 megh).

The vegetation is an open bushed grassland, often with Acacia zanzibarice,
or even purc grasslend, often with a characteristically dense grass @OVerngey
notably of the .Schaenefeldia trenglens species.
The topography of the unit is quite favourable for irrigation development,
but the salinity/alknliness ocourring at shallow depth, as well a8 the actucl
drainage condition and the limited scope to improve these drowbacks through
deep drainage make the wnit only (potentislly) marginally suitable for large-scale
irrigation development of climaticelly adapted . ficld erops (in USER terminology
elass 3 sd)

Unit Spir, comprising 69,000 ha, also consists of regular flat terrain, in

this case with a quite homogenously grey tone on the available aerial photographs.
The transition to the previous unit is howewer very grondual,

The soils are imperfectly drained with a topsoil of about 20 cm thickness that
sseus/18
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has o favourable structure (erumbly to subangular blocky) and consists of very
dark grey/greyish brown (10YR 3/1-3/2) sandy clay to clay, This merges gradually
into a subsoil without a clear hardpen (upper partly angular blocky to prismatic,
not very hord when dry), consisting of a mostly dark greyish brown (10YR 4/2)
clay, This subsoil, and sometimes also the topsoil, is moderately to strongly
ealearcous (abundont soft powdery lime, carbonate concretions lower down), but
has little or no salinity or alkaliness (ECe about 4 mmho/om or less, ESP less
than 10%) till appreciable depth, 60 em or so: haplic (gleyic) Xerosol/Camborthid.

The soil surface has little or no sealing or loose sand coverage and pene-
tration of roots and moisture in the subsoil seems fairly easy. The horizontal
hydraulic conductivity of the subsoil and the substratum should however be fair
at the best (no actual measurements), The chemicel fertility of the topsoil is
good, though N and possibly also P fertilizing will be necessary right from the
start of cultivntion (N 0,06%, O 0,55%, P> 30pm, K= 1.10 meg%).

The vegctation veries from low bushland to bushed grassland (or open grassland),
with various species of shrubs (Cordia gharafj Grewia, Commiphora and Agacia-
speoies) and a fair coverage of grass (observed were Enteropogon samaliensis,
Chloris virgate and roxburghiana, Chrysopogon aucheri 040 )e

The nnpping unit is considered to be moderately suitable for large-scale
irrigation of climatically adapted field crops. The regular topography and the
absence of salinity/alkaliness within nommel rooting depth are favourable qualities,
but the actunl drainage condition is a drawback while deep drainoge -~ also to avold
future salinisation by capillary rise from the deeper subsoil = will be diffiocult
if feasible at all (in USER terminology s class 2d)

Unit Splv, comprising 20,000 ha, consists of largely parallel running,
narrow stretches of relatively low-lying flat land that is 1-3m above the level
of wnits Spid and Sp1(d). The difference in level with units Sp1(r) and especially
wit Spir geems however verysmsll (0.5m or so0), with a gradunl tronsition, The
aspect on the merial photographs is hamogeneously dark greye

The soil oconsists of poorly drained; vory derk grey/greyish brown (10¥R
3/1 = 2/2),.strongly cracking heavy claye The topsoil is subangular blocky to
%o crumbyly, the subsoil coarse prismotic in structure. No elear hardpan
character was observed. Only one site was tested chemically, It showed to be
caleareous throughout, and to be slightly saline but strongly alkeli from 60cm
dovmwards (ECe 10~25 mmho/om, ESP 50%): pellic Vertisol, sodic phase/notric
Crumaquert, Similar levels/salinity and alknliness are expected to predominate
in most of the narrow stretches in the northern-central section of the area,
¢Speeially where they band the areas of Spld or Sp1(d)e The surface crusts,
strongly oracks and may have a micro-relicf of gilgay. The sub-soil is difficultly
Penetrable for roots and moisture (a,o0. due to swelling and shrinking of the
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rontnorillonitic olay), and the horizomtal hydroulic eonductivity of the subsoil
is cxpected to be very low, The chemical fertility of the soil should however
be very high,

The vegetotion appears to consist predominently of bushed grassland, with
Aeneia zancibarica and Acacia reficiens as main shrubs, and o demsc ground
coverage of woody herbs and grasses like Sporobolus helvolus and Echingchlas. The
narrow stretches should be considered as non-suitable for large-scale irrigation
dovelopaent, both beceuse of the poor internal drainage, the position on naturel
drninnge lines for the arca as a whole, the salinity/alknliness levels in the
gubsoil and the difficult physical soil mancgenent.

3e4s The soils of the valley sides
The voliey sides were little-studied in this area, because of their occurrence

cutside the main sone of interest, Also, they hove been described in site
cveluation report 14, from which the deseription below is largely copied,

The wnit Sg (reguler valley sides) are smoothly and regulorly lowering towerls
the Tana floodplain (slopes 10m per km, or lecss). There is a vague pattern of
"write dots" on aerial photographs, The mapped acreage is 5,500 ha,

The soils are moderately well drained with a topsoil till about 40 ecm, depth
of reddish brown~coarsc sandy clay loam, non-calcarcous, non-saline and non-allknli,
The strueture of this topsoil is rether poor (massive or grenular) and the surfaoo
scaling is strong, It overlics abmuptly a hardpan of brown, gravelly coarse sandy
¢lay, containing high percentages of both lime (10-20%) ond modéra.tely high levels
of salinity and alinliness (BOe 6-14 mmho/en, BSP 20-30%): m_al’odinéd Solonetz/
fatrargid, - .

The vogetation is a bushed grassland, with little grass coveroge.

The hardpan character and salinity/elknliness of the subsoil are unfovourabley
aal the average slope may be less than idesl, but the arable topsoil is relatively
%ilok, Therefore the unit is classified as morginally suitable for large-scale
irrigntion dovelopmont (in USER terminology: class 3 st).

The unit Sb (irregular valley sides) is quite irregularly sloping towords the
Tons river and often actively eroding, both by sheetwosh ond gullying: "badlands",
Ihe mapped acreage is 6,500 ha.

In noot places the topsoil has been removed and the hard and very firm subsoil
OF substratun of gravelly (sand) olay im exposed. This clay appears to be
Strongly saline and strongly nlknli, in the presence of limc concretions ond free
Une (B¢ 15255 mho/om, BSP 35-50%, carbonates 2-15%).

The vegetution cover is very poor, consisting of low bushed grasslond, with

Patohes of canpletely bare ground, The unit is definitely non-suitoble for
irrigation development,
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3¢5 The solls of the low-torroces and alluvicl fans
Also this group of nmapping units is outside the nmain area of interest.

The unit T (low-terrace land, 7,500 ha) consiste of flat land, only a few netcrs
above flooding, The soils are often noderately well drained, brown, slightly
caleareous, non-saline and non-olkoli and of sandy clay loenm texture till 40-80
en depth, Thercbelow, & hordpan occurs of noderately to strongly calcorcous,
non~ to slightly saline but noderately alkali sandy clay. These soils often
support a wooded~bushed grassland with scattered dcacin tortilis as proninent
feature,

Included are sizeable parts (30% or so) thot ore relatively low-lying and
have & dcnse grassland cover, Their soils are inperfectly drained and eloycy
throughout, with substantially higher and shallower salinity and allmlincss.

As o whole, the unit is considered only marginally suitoble for large-secle
irrigntion (in USER teminology: class 3 sdt).

The unit Tf (alluvial-fan lond, 1.300 ha) is gently sloping, but often
with nany shifting drainnge woys. The soils are mostly well drained., Till
about 80 en depth they are brown, slightly calcareous, non-saline and non
alknli; of loany sand to sendy loom texture, There below a hardpan ocours.

The sandyness of the arable topsoil, thwgh decp, ond the occurrencc of
nany drainoge gullies with their oecesional torrential runoff fron the
higher lends nake the unit non-suitable for large-seale irrigation.

3464 The soils of the nain floodplaim
For deseription of this.unit (P, conprising 43,000 ha) reference be

nade to the legend of the map, KSSP site evaluation report 14 and Ilaco's
original soil survey of the West bank (Aeres Ilaco 41967 )

% The irrigntion potential
441s Crop perfornance on ble ted West bank soils
In view of the existonce of a successful pilot irrigation schene

at Hola, on which o fair anount of infornation on erop performonces is
available, a comparison of the soil comditions of Bagt-and West bank is
cclled for,

For that purpose a photointerpretation was corricd out of the area around
Hola, using the same old nerial photographs (1:80,000) and the sane
criteria as regards surface fcotures.

The photo-interpretation pattern is indieated on the nap attached
(uncoloured), Conperison with Ilaco's original "semi-detailed" soil nap
of the whole West bank (‘I.ﬁ:o‘f'-'!"lﬁﬂ.""l%?). subsequent detailed mapping
of Hola block I, II and III by Schroo (I1100,1968), the recent deteiled
survey of Hola Extemsion aren, and the yleld data recorded in the recont

AL
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Bura feasibility study (Ilcco, 1975), yields the following infomation:
- The present photo interpretation unit Spld coinecldes largely with the unit
"N, of Ilaco (“uazie Notrargids")., Within this unit, tho Hola experimental fic
C is locoted, It was abandoned soon after its preparation, because of quitc
unsatisfactory yields of crops, ineluding ootton.. Hence the unit has been
classificd as "marginally suitable" by Ilaco, (olass 4),

= The photo interpretation unit Spi(d) appears to coincide with ot last
port of unit S2 of the Hola Bxtension area (“shollow Halorthid"), It hes
been demonstrated thot with earcful ridging cotton - a salt/alkali
tolerant crop - does grow rather satisfactorily on thie soil (average
2700 kg/ ha), but the period of experimentation is otill too short (2-3
years) to allow definite conclusions as to its suitebility for pcmancnt
cormercial erop production, Trials with other orops have not yet been
exceuted, Ilaco has tentatively classificd the unit as "fairly suitable",

bless 3),

- The photo interpretation unit Spi1(r) coincides with the unit 81 of Hola
I-III blocks, which is described as "(non-shallow) Holorthid", It
includes experinental field A, which hos been in use for 10 years,

Good yields. of cotton huve beon obtained on this field (and the blocks

in gencrnl), gradually increasing over the years (3000 kg/ha nowndays),

4lso subsistance growing of maigze and trials with groundnute as scoond

erop have been encou;m,ging. The results of experinentation with another

nain comereial crop, sugar canc (more sensitive to salinity and alknliness)

are as yet inelusive, There are indications that the salinity levels

of the subsoils have decrcased substantially os a result of leaching -
though at the sane tine its nlkaliness nay have inercased., With the

above in nind, Ilaco has evnluated the soils as "suitable" for

irrigntion (closs 2).

\ Photo interpretation wnit Spiv coincides larzely with Ilaco's units GU
and GA ("Grunustert" and "Grumaquert"), which includes experinental field
B, Unfortunately this ficld wns abandoned aftor o few yearss hence no
definite data on its sustained suitability for cotton, let alone other
crops like sugar cane, are nvoilable, Yields of cotton on GU-parts in
the existing pilot schene are definitely lower than those on the Halorthids
of unit S1, and they arc not increasing, possibly due to a larger tendency
to dispersion of both top-and subsoil, which would prevent leachings, The
80ils arc classificd by Ilaco ns "fairly suitable" (class 3)*

...../15




- Photo interpretation unit Spir, the nost inportant one on the Bast bank,

docs not oceur in the Hola oreas It looks howevep rethercouparabl e with

the lorge stroteh of nepping unit G(FCmborthid“) further north,
These soils are eonsidered '"high suitable" for irrication by Ilaco, not

only for cotton but 2lso for Sugar cane and other olimtionlly adapted
fieldorops (olass 1 o Tho latter is however not yot Supported by

eamparing

When /soil choractoristics of the photo interprotation wits of the Engt
bank wi 4 those of cauparable Ilaco Dopping units on the West bank there is
in generny & good correlation, Also Ilaeo's Hnlorthide ang Gnmustorta/aqucrts
have 1n fact apprecinble levols of ullm.l.tnesa, and often a hardpan charnctor,
e only gystorntio difference appears to be g differonce in colour: the
Vest bany 80ils arc norually uore reddish brown than greyish brown; apparcntly
thegp (avero ) drainage is Sanewhat better, It uay also inply a sonewhat
%ttor overmary Structure stabllity of the Wost bamk soils,

8is g roflection of the considerntion that Ilaco's elassifioation holds
for. the tolerant cotton Orop. A couprehcnsive and intemntiomlly
| a‘"lil)‘c::.hlr.. Suitability clossification should also take into accound Lore
"1 t g OTops, like sugnr oano,
The poorer drainage conditions of the Bast bank s01ls and the possibly
Nowhng POOTer structupe stability, as refleoted in greyer soil colours,

1 algo been g factor in the scaling-down,
- (Table 2)

units Spad, SPZV!
Sp1d, Sp1(a)
Sp1v, Sb,

.\ 'otal 180,000 ha

grand  totol 375,800 ho

eeees/16




Studying the attached Dap, it is obvious that fron soils point-of-view the nost
suitable area for developnent of o conplenentary nmajor irrigation schene is
located rather far away fron the Tana river, The unit concerned, Spir, occurs
on the Bura-Kolbio road at about 20 kn East of Bura village, and stretchce to
the east and the southeast, at both sides of o najor eentral interruption of
non-suitoble soils, Two solid blocks are concerned, totalling about 60,000 ha
grosss On the topographic mop this region is indicated with "Parena',

Fron studying ERTS-I satellite inagery of thc aren, it is likely that
another 20,000 ha of these soils nay oceur directly east-southmenst of the
present nap, They seen moreover to nerge gradually into Vertisols, occuring
further down as huge stretches rother then as narrow strips (unit Spiv), The
broadness of these stretohes ooy noke then narginally suitable rather than
non=-suitable, :

Whether or not areas with Spi(r) soils, evaluated as narginally suitable,
should be included in a najor schene is detatable; more observations are
fequired on the actual depth at which salinity and alkaliness occur in hamful
concentrotions, It will depend also on the results of the West bank schene,

It nay howevcr.be obvious thet the area already set aside as Hirola Gane Reserve
is not anong the nost suitable for any Bast bank schenc, Its grazing potential,
8% the sanc tine, seens substantinl (dense grass-coverage),

He3a Engincering aspects

This section discusses the feasibility of bringing the irrigation water
by €ravity conduetion through a prinary conal fron the Tana river to the two -
blocks of Roderately suitable land nmentioned before (“"Farenn scheme arca"), the

feaaibility to lead this water over the schene land through a secondary and

tertiary network of irrigation and drainage cannls, and the feasibility for the
di"l‘i’dging of excess water fron the schene aren through a dminqge outlet, It
18 2 reflection of discussions with irrigation engireers of N.I.B, and Ilaco,
9d 18 based on the existing (poor) information on topography, The latter
8Ppears ng "fornlines", with intervals of 25 feet, and a few benchnarks en the
S‘u“'ey of Kenya 1:100,000 topographic naps, They have been copied on the
Provisional 801l map, with locol adjustnents in accordance with the apparent
phyaiogmphy as borne out by the photo-interpretation,

1% nay 80 without saying that full discussion of engineering aspects can only

be done when nore reliable and nore detailed topographic information becones
vailable,

s me Touting of the prinary/feeder canal
The idea of an East bank conplenentary schene originated when 1t
beecan Apporent that the proposed Nenigi weir in the Tana river for the inlet
.‘I./ 17
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of the West bank connl night be used for the inlet of on East-bonk cancl os welle
In general, the layout of the lond on the East bank appears very favourable

for such o proposition: it slopes away to the south-cost, with an averoge

gradient of 0,5-1.0n/kn, A cannl would run parallel to rather thon cross the
mtural droinnce woys (except for the first stretch neor Nanigi), which is in
contrast to the alignnent of the West bank cannl, If the irrigable area were
loeated in o streteh right alongside the Bura~Ijara rond, then no problen for

the lay-out of the main canal would exist at all.

‘The best nrea is however found to occur further east, Though the absolute
altitude of this Farenn area is sufficiently below that of the weir (15m) and the
distance ns-the-crow-flics is not excessive (40 km), it is obvious that the
oceurrance of the parallel low-ridges of unit Spld and the parallel depressional
strips of unit Sp1v form sore kind of obstacle,

Taking into account n similar over-all gradient for the canal as at the
West bank (about 30cn per kn), there are five possibilities for its routing,

| 28 follows:

1) Mhe oomnl takes-in woter at the Nanigi weir by punping, lifting it straight-
WOy to the lovel of the internediate~level plain (unit Sp2d) ot the weir site;
fron there « short canal could lead the water bygrawity straight to the schenc
am.

The high pump-lifting involved (40m or so) and the vagarics of reliance
| “huge punping nachinery nokes this not feasible. The over-all.gradient of the
latemedinte~level plain (1.50/kn) moy noreover be to steep to allow grovity

onduction without scouring of the canal banks,
forming

2) e weir ot Nanigi is solidificated and raised, / a regular diversion dan
%r08s the floodplain; this would permit o rather short and straight gravity
*nveyange ncross the south-western tip of the ingerncdiate-level plain,

The costs of such a diversion dam, and its macro-hydrologieal inpldcations,

Ml nake also this alternative wnattractive.

4 3) Construction of o second weir further upstrean,

I View of the very gentle . gradient of the Tana river in this area, this
"ould have to be at Korokoro, or even further upstrean, Sineg this would inply
Xtra weir constructional works and an extra canal length of 20 kn- or so,
pr%isely through the very difficult terrain of the Sb-unit, it is equally
Wattragtive,

4 The onnal takes-in water by grovity at the Nanigl weir and eurves around the

lm“nd@eﬂ of Spld without any najor excavation.

This would make the $otal cannl-length excessively long (up to 100k )
0 the water noy then not reach the upper portions of the Farena schene area,
| PFAys, |

v
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5) By far the nost econonie solution appesrs to be to take-in water by gravity
at the Nonizi weir site, lead it by gravity (via fomlines 375-350) nore or
less parallel to the river until it rcaches the Bura-Garissa upper road sone
12-15 Jn1 north of Bura villagej from thereon the canal would swoy into about
straightly eastern direction, nore or less parallel to the Bura~-Kolbio road,
111 it reaches the farthest block of the Parena area at formline 325, cutting
through threc low-ridges (Sp1d). aond crossing severcl ninor drainage ways
("oggas" of Spiv). The outting of the ridges will concern excavations of only
a few meters depth (5n at the ridge 'rops?) over relatively short distances
(3 tines 2 k), and the construction of underpasses at the crossing of the luggos
can he nodest in view of their snall catchnent areas (the West bank cannl
trosses severnl major luggasi).’ The total length of the canal will then be
about 55 k. , i4e, of the same order of magnitude as the West bank 8anal,

On o few copies of the provisionnl soil map the proposed aligmnent of on
fagt bank cannl as outlined in alternative 5 is indicateds

443.b, The secondary and tertiary network of gapAls within the schene area.

The two irrigable blocks of the Farena schene have a regular slope
of about 0.5n./kn to the southeastywhile both are banded by strips of the
relativcly low-lying Spiv unit, This seens to allow for a sinple fishe
bone network of secondary and tertiary irrigation cananls through the centre
of the blocks, and drainoge canals through the low-lying strips at the edges.
The obvious place for settlement of the schene occupants and for
the schene headquarters is the streteh of Sp1d between the two blocks,

4¢3.0. The nacro-drainage fron the scheme area

The dislodging of drainage water froo the schene (originating fron
both irrigntion-cum~lecaching and incidental heavy downpours during the
rainy sengons) will require due attentions This holds especially because
of the general flatness of the terrains, the presuncd poor internal
droinnge of the soils and the substratun, and the salinity/alkaliness of
the soils/substratun in the survey aren as a whole,

Routing of this drainnge water back to the Tana further dowmstrean,
With an outlet ot e.g Masaloni (25kn dovmstrean of Hola) would require
systenatic excavation of o very long drainoge conal o), It seens easier
to use the sizeable stretches of relatively low land with Vertisols that
occur directly southe-east of the schene area (EEETS-i.gages, Matheson's
eologic nmapping, draft nap on the Lamu hinterland of Dfe Gwynne of the
Gane Dept) as tenporary storage basins for the schene's drainage woter,
Ultinately however the weter has to be conducted further, towards Lanu
District and the Ocean, The obvious way of conduction appears to be the
eeses/19
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Lagh Doi and Dodori (epheueml) river systen, starting south of Galna Galla,
It nay require the excavation ¢f & short conneotion canal (10 k or so)
as well as local cleaning-up of the river beds thenselves,

An interesting side-cffect of transport of the scheme's drainnge woter
to the southeast is the possibility of concurrent. construction of a
mnber of watering places for cattle and wildlife in the passing-through orec,
This would avoid o trek to the Tana in tines of drought (thereby also
providing better protection for the Hirola Gane Reserve),

5% Suggested. follow=up : ;
If indced, on the basis of the above data,-a large-scale irrigation

developnent in the area is Seriously considered, then an integrated soil-
topography-(geo) hydrology~vegetation survey will have to be carried out as part
of a (pre-) feasibility studys

It is. suggested to include in such a survey all the area east of the Buroe
Ijora rond, fron Bura village till at least its orossing with the cut-line
opposite Hola, and extending sone 45 kn to the northenst (250,000 hn),
Topographical and hydrological surveys will moreover be needed for the streteh
between Bura and Nenigi, alongside the river, where the first portion of o feeder
) would be routed through (40,000 ha)s

Te survey would have to be preceeded by the cutting of a substantial nuaber
of penetration 1ines through the bushland ("cut-lines"), with benchmark sitings
8% regular distances that can also be identificd from the nir, Thercafter, the
Sea has to be covered by detailed asrial photography (scale 1:10,000 or 80)e
T he fieldwork for the various typesof survey should preferably be conbined, the
S0il and vegetation surveyors following closely behind the topographic surveyor
W utilizing the sane bose canpse

The soil survey part should be of the semi-~detailed type (£inal napping at
Seale 1:120,000), Prom experience on the West bank is its likely that little
eliance can be node on vegetational differences for soll mapping at such a
Sale, Tnig nay hold still nore so for the East bank where vegetational (and
Pelief) qifferences are even more gradual, It will therefore be necessary to
arry out o large nunber of actual soil o_bservationa, say 1 per 5 or 10 ha,
Host of these observations will have to be on pit diggings rather thon by
ul“‘39‘1‘“’&!, since the oecurrence and characteristics of any hardpan have to be
Roteq carefully, Also, for all of the observation sites data on salinity/
ulh-liness will have to be obtaineds It will be inpossible to have this carried
g by Sending sanples of each profile to the NAL routine laboratory in Nairobi,
Portable equipnont for mensuring electrical conductivity and pH nay be used,

but 44 nay be better to acquire a nobile field laboratory for the purpose

("lnhnobueu’ 0.f, Driessen ond Delleester 1970) y where sanples can be/gnalysed
LE L RN ] 0




on the sbove aspects at the end of cach day or week under nore controlled conditions,
and where also an indication of the soil structure stability (emsiness of
diapersion) can be obtained,

The interdiseiplinary choracter of the raqzingurwey, the sheer size
of the area to be covered (on the soils part alone/man-nonths would be required),
nay nake it lcss advisable to have the survey earried out by the Kenya Soil
Survey Projcct, both becouse of linitations of manpower, disciplines and
squipnent, PEspecially if the data would be required in the forthconing one or
two years, then it nay be better to hove the work carried out by technical
pergonnel of the TRDA, or by way of a special Project under the umbrella of
this authority, In that case, however, it has to be specified in the project-
8greenent what should be the requircnents of the soils part of the work, In
aﬂrtictﬂ.nr, it will have to be accepted that the soil surveyors will apply the
standards of description and intcrpretation set by the Kenya Soil Survey and
#hat (copics of) all original field and laboratory data will ultinately be made
amilable to this Orgonisation for storage and future reference through its
Data Stornge and Retrieval systens

. Apart fron the above integrated survey, it is reconnended to start soonest

Wth a prograyme of irrigation - agrononic experinents on sone part of the nost
Moising soils, In thot way in-situ orop yicld data will be available ot the
Noent of n finnl decision on the execution of a schenc.

Me required irrigation wator for a 50-100 ha experinental plot night be
Mped fron the river bed at Bura village and conducted through a pipe line
8long the Burn - Kolbio road t41l a site athe nearest block of Spir soil

(dstance 20 km, total 142t about 25m), Both cotton and sugarcane should

Y% grown over a nunber of years, various droinage nethods should be tried out

4 the changes in soil conditions should be carefully nonitored.

For both the survey work and the agrononic experinentation, the construction

o a vehicle ferry across the Tanc at Bura village would be highly beneficial,

6 Conclusions and Reconmendations

.4 prelininary study on soils ond topography was ecarried out for an area of
about 375,000 ha on the BEast bonk of the Lower Toana river, to asscss its

potentinl for large-scale irrigation developnent,

The soils~topography pattern in the arca is much nore regular than at the
West bank of the Lower-Tona, The various soils tend to occur in large

honogeneous stretches, with a parallel arrangenent in south-ensterly

dircction,

Many of the soils are saline/alknli and contain a hardpon, noking then
.
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non-suitable for irrication developuient,

About 30 kn. enst of Bura village and nostly near the Bura-Kolbio rond

" (Farenr. area) there are however two sizeable blocks of level land where

the soils appear noderntely suitable for the irrigated growing of
cormeradal. ficld erops (nainly inmperfectly drained and clayey haplic
Xerosols/Canborthids, non-saline and non-olkeli i1l abcit 60 om depth
and without a olecr hardpen), The total acreage of these blocks is in
the order of 60,000 ha within the area studied, Directly scutheast of
the study orea at least another 20,000 ha of soils of similar suitability

is expected to occur,

Moinly in the areaof the Hirola Gane Reserve directly west of the Burn-
Ijore rond, there are stretches of level land where the soils appear
norginally suitable for irrigation developuent (noinly inperfectly drained
olayey Solonohak, sodic phase/notric Holorthidgsaline and alkall fran
shallow depth but without o clear hardpon loyer), Within the study orea
about 70,000 ha is concerneds

The area of noderatcly suitoble soils of.the Farena area can be connanded
by o fecder comal, of about 55 kn length, having ite intake by gravity
ot the proposed weir in the Tona river near Nanigl for the West bonk
conal (Bure irrigation schene)s Such.a eanal will have to cross three
short stretchcs of low-ridgy terrein, where excavation will be nceessary,
and severel minor droinnge ways (luggas), whore underpasses will have

to be constructed. AL . Foaslhonr
o the south~eas

In view of the gentle gradient of the lond and a parallel nntu.mi drainoge/
the nacro-drainage of an irrigation schene in the Farena area should be
preferably in that seme direction, with through=-connection to the Dodori

river oatohment south of Galma Gallo.

A sonmi-detailed soil-topography=hydrology-vegetation survey will have to
be carried out for an area of 250,000 = 300,000 ha, before the fensibility

of an Eost bank schenc con accurately be established, Some specifications
for such a survey are indicated.

It is also recammended to start soonest with a progromne of irrigation=
agronomic experimentation on o site sone 20 kn east of Bura village.
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ADDENDUM TO SITE EVALUATION REPORT NO. 21

1. Introduction:

The preliminary aevaluation of the soil conditions on the cast bank of the
Lover Tana (Bura-East irea) for large scale irrigation development (KSS site
evaluation report No. 21) indicates two large stretches of land as most
suitable from a soils point-of-view. The lands concerned form two solid
blocks in the northeastern part of the surveyed area. The soils belong
to unit Splr (see provisional soil map attached to KSS site evaluation report
Jo. 21). In order to obtain more detailed information on the soil characteri-
stics in the two blocks 2 field trip was made from 27th June till 7th July
(Messrs. Van der Pouw and Ngari). Dr. Sombroek joined the team during the

first day of its fieldwork.

2. Vorking liethod:
During the fieldworl: emphasis was given to the occurrence of salinity

and alkalinity. Special attention was also paid to the structural
characteristics of the soils, especially to structures and structure
transitions in the first 60 cm. of soil. Thercfore smgll pits were dug
(approximately ,?86“‘&;#.’“&83;1‘1‘““ g‘oﬁre S&f&éf§°3ea‘b‘&&a3?‘-"fﬁ“ﬁf‘13d
electric conductivity of the various horizons were measured in the field,

using samples with a soil: water ratio of 1:5. The pil - measurements were done

vith a battery-operated portable WIW pH-meter and the electric conductivity
was measured with a Cenco-L.F.T.D. portable conductivity meter.

A total of 27 profiles were thus described and tested. They are numbered
155-26 ti1l 155-48 and 141-1 till 1414, Their locations are given on the
attached maplet which shows that part of the soil map of KSS site evaluation
Teport 21 that contains the two large blocks of land belonging to soil unit

S¢)r. Ae can be seen from the attached maplet various traverses were made.

In the southeastern block (which hereafter will be called block I) there are
three traverses, of which one along the road to Kolbio employing obscrvations
of former ficld trips (155-8 till 155=11) . Also in the northeastern block

of Spir soils (herecafter to be called block 1I) three traverses were made.

lere observation 155-37 was the starting point of two traverses, of which

one again runs along the road to Kolbio.

3. Results:
3.1, Salinity
The profile studiessespecially the EC, measurements, revealed typical

80il patterns closely related to the detailed physiography. To illustrate this,

the EC, measurements along the various traverses are schematically represented
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in graphs (see Iigs. 1-6). The distance betwean the observation numbers is
plotted on the horizontal axis and corresponds with a scale of approximately
: 100,000. On the same axis, below the observation numbers, the respective
soil units are mentioned. The vertical axis shows the electric conductivity
in micro- mhos x cm | at 25°C. Each figure represents one traverse and shows
the electric conductivity (ECs) of cach soil horizon of the relevant profiles.
Most profiles consist of four horizons, roughly corresponding with depths of
0-20 em., 20=40 cm., 40-60 cm. and 60-100 em. Few profiles showed three
horizons, the second being approximately from 20-60 cm. In these cases the
symbols for the 20~40 cm. and 40-60 cm. horizons are placed together at the
same level (see for instance 155-8). For the conversion of the EC5 - yalues
to the A fues, use is made of the relation ECe-!'.ECS and the factor " ghoyld be
known. From previous investigations on similar soils (Acres/Ilaco, 1967) r
was found to be approximately 2.5. Therefore it is assumed that an EC; -
values of 1.6 mmhos X cm.-‘ (=1600 micro- mhos X cm—l) corresponds to an

Ece - value of 4 mmhos X cm-‘ which is regarded as the boundary between
nonsaline and saline soil (Richards et al 1954) . The various salinity

degrees are tentatively defined as follows:
EC5

1600 -~ 3200 micromhos X l.':tn“I
3200 - 6400 i
more than 6400 "
oils of wit Splr show many differences

Yoderately saline
Strongly saline
Very strongly saline
A8 can be seen from the figures the s

in salt content. Fips. 2-4 show the existence of a gradual transition

from the saline soils of surrounding units to the non-saline central parts
The soils at the fringegof the two hlocks

out 60 cm. and moderately or strongly

in the two blocks of Splr-soils.

arc usually non-saline until a depth of ab

saline further downward. The large central parts are non-saline until a depth

of at least 100 cm. f

B pH
The pH shows patterns closel
vhich are non-saline until a depth of 60 cm. show a gradual increase of the pH

from the top with usually & maximum between 40 and 60 cm. The deeper, saline
The maximum pH-values of the soils involved

y related to the salt content. The soils

subsoils showed lower pfi-values.
a range from about 8.5 to 9.0, indicating alkali conditions as well.

The pH in the non-saline central parts show a different patterm. Usually
there is a gradual increase of the pil, from about 7.5 at the top to a
Maximum in the lowest horizon, varying approximately from 8.0 to 8.5.
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3.3. Structure :

A similar gradual change as shown for the salt content, can also be
cbserved in the soil structure. The Splr-soils directly bordering unit Splv
have soils which show (composed) prismatic structures in the B-horizon,
starting at about 20 cm.) ,and crurmb or subangular blocky structures in the
J=horizon. The transition between these horizons is usually clear, or even
sbrupt. This, together with slight swelling and shrinking causes poor rooting
characteristics. The central parts usually have B-horizons with angular
blocky structures, occasionally vith weak prismatic temdencies. The transition
fronm the A-horizon, usually having crumb or gubangular blocky structures, to
the B-horizon ie clear to gradual. The more favourable structure of the

central parts is clearly expressed by deeper reaching and more uniformly

distributed rooting systems.

3.4, Other data
A peculiar feature of the central part of Block I is the local occurrence

of brown and reddish brown or dark reddish brown soils or soil horizons. An
estimate of the area comprised camnot be given. Another special feature of
block I is the occurrence of acid soils, observations 155-33 and 34.

These profiles together with 155-35 show also a glight mesorelief with

local differences in altitude of about 50 cm. over distances of about 200 m.

The slightly higher soils (155-33 and -35) have sub-soils with angular blocky
structures, whereas the lower goil (155=34) has a subsoil with prismatic
tendencies, combined with a somewhat higher salt content (see Fig. 1). They
be rather put with unit sp1(d) than Spir. The area involved comprises about
1000 ha. It is an castward extension of the Sp1(d) arca already indicated
in the northwestern tip of block I.

The descriptiomns of Splr soils given in Ch. 3.1 - 3.3 relate all to
broad stretches of land. In those cases where rather narrow stretches of
Spir soils occur, different conditions were encountered, especially in
relation to salinity and alkalinity. These stretches namely (see for imstance
the arcas covered by the traverses given in Fig. 5 and 6) have a saline
Subsoil that usually starts already at 40 cm. depth, with the highest salt
Concentration between 60 and 100 cm. The pH shows a familiar patterm. it
increases gradually from the top to a maximum between 40~60 cm. (pH 8.7-8.9)

thus indicating saline-alkali soils. These conditions,

and then drope again,
gtructure

together with somewhat poor rooting characteristics (due to prismatic
tendencies), and prohably low hydraulic conductivity make these narrow parts
of Spir soils unsuitable for irrigation. It is estimated that about 13.000 ha.

of soils mapped as Splr, are involved.
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3.4, Surroundinﬁ soils

The greater part of the two blocks are surrounded by narrow stretches of
soils belonging to unit Splv. Three profiles were investigated. They were
all calcareous throughout. They are moderately saline between 40~6C cn. and
strongly saline from 60 cm. dowmwards (see 155-40 im Tig. 1, 155-37 in Fig. &
end 155-48 in Fig. 6). The pli values varied from 7.2 to 8.7, the highest
values being measured between 40 and 60 cm. indicating alkali conditions which
further downward combine with high salt concentrations and therefore result
in lower pH values.

The profiles belonging to units Spi(d) and Spld (see 155-11 and 155-I in
Fig. 1 and 155-47 in Pig. 6) show similar salinity and pH pattems as described
for the profiles of unit Splv.

b. Over-all suitability of the blocks
The various traverses made confirming the over-all description

of the scil units involved. They support also the gemeral soil pattern

88 indicated on the attached part of the soil map from KSS site evaluation

report No. 21. At the same time the results described in Ch, 3 allow for

more detailed indications with respect to the suitability of Splr soils

for irrigation. This can be based on the following subdivisior  of

Splr - soils.

acreage suitability
¢ class
a) soils which are non-saline/non-alkali umtil

a depth of at least 100 cm. 33.000 ha. 1-2

b) soils which are non-saline/non-zlkali until

a depth of 60 cm. 22,000 ha. 2

¢) soils which are non-saline/non-alkali until
a depth of 40 cm. (usually in “nerrow 13.000 ha. 3
stretches"’)

d) soils which be rather put in unit
Spi(d) than Splr 1.000 ha. 4
Total ccvered by the soil map of KSS 69.000 ha.
site evaluation report No. 2]

Nairobi, 2-8-75 B.J. van der Pouw
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SEDIMENTARY PLAINS
Sp2 Intermediate - level sedimentary plain ( ** dotted plain * ) |
B — e

§

RS ¥

flat to gently undulating ,
with pronounced ** white-
dot'" pattern

Ty .,

flat and relatively lowlying

1

imperfectly drained, brown, non - calcareous, non - saline and nof - alkalj, sandy
N—-ﬂ.:: about 20 em . over pronounced hardpan of slightly c8/C&Boys non - or
" K.....L...,.,..rf il moderately to strong kali, - “....m._..—.ﬁu__ .ﬂﬁmt loamjg n‘w_\

probably like unit Spiv

Sp1 Lower - level sedimentary plain ( **grey - clay plain ')

solodized Solonetz or Solod
Bushed Grassland

probably like Sp1v

non -suitablé
1

NON ~5U it @B
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~ 7X155-25

155-21

/

/
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/
X155-20

-
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-~
-

-~

fiat to very gently undulat -
ing . low -ridgy terrain with
clear *'white - dot'" pattern

imperfectly drained, brown, non - calcareous, non - salipe
clay loam till 10-20 cm, over pronounced hardpan of dark
calcareous , strongly saline and strongly alkali. sandy cla

somewhat irregular flat ter-
rain with vague '* white -
Jot'' and/or “‘ripple*’ pattern

natric Grumaquert
F 5
N | 3
Tt
fnon - a_xw]mmzag solodized Solonetz Bushland or Bushed !
¥ish brown, stongly Grassland with A. non -suitable
Natrargid reficiens, Commiphora spp.

_..
imperfectly drained _.vqosz to dark brown, non - or sl|j htl g if

slightiy saline and slightly alkali, sandy clay loam H%n_m_,gnmﬂmo:mmaﬂm_rw
clear hardpan of dark greyish brown, strongly nm_nmaozwu.:: 10 - 2 ﬁ_u. i m“M—
strongly alkali, sandy clay to clay " Strongly saline

Sp

-

regular fiat lerrain

( solodized ) Solonetz
open Bushland or Bushed

Grassland with A.

natric Halorthid-Natrargid reficiens,Commiphora spp.

non -suitable

—_——

_,
H

|||.I.|I..I.J.lll\!|||

imperfectly drained, dark greyish brown, moderate| "
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calcareous, moderately 10 strongly saline and moderatej ®f dari grey- m_.n.a_.wunﬂm
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:

Solonchak . sodic phase Bushed Grassland or
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natric Halorthid zanzibarica

marginally m_._:mc_r

e

———

imperfectly drained, very dark greyish brown, sand

Sp1v

flat and relatively
lying

low -

regular flat terrain strongly calcareous throughout or from shallow nmuﬂ._._o_? to n_mm. moderately to
alkali till 0 cm depth or more, and without clear ,...m-..a””__..am:_ﬁ and non -
" layer

dense Bushland to
Bushed Grassland ,with
Cordia gharaf.Grewia,
Commiphora and Acacia
Spp-

haplic Xerosol

Camborthid

moderately w:.._m!m_.

af .

poorly drained, very dark greyish brown, _._._onmq_mam__.; .
strongly cracking, heavy clay, slightly saline and sir. 0 m__.o_-a_..__am“nm«mo_._wA 5
cm depth Ongly ajkg, ; from about 5

Ss Regular

VALLEY SIDES

valley slopes

mainly Bushed Grassland,
with A.zanzibarica, A.

reficiens

pellic Vertisol sodic phase

natric Grumaquert
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—

— Sy

i
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** white - dot '* pattern

— e

&m__aqm.:._mn__ann_m_._cai::o:.nm_nmhmocm .
. ‘ ._._D:. w:u
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nﬂ_.mo ._ﬂom
_._u:

Sb Irregular valley slopes

solodized Solonetz

Bushed Grassland
Natrargid

marginally Suitapy,

saline and moderately alkali, sandy clay

’

irregularly sloping and often
actively eroding

||l||lk.lllllllll||l|-

well drained : hard subsoil of strongly m.m:Illlll/\\\u\ll.l_m|,__1
: c

ne
often exposed fnd m_aza_w n_rm:.uacm_:__

Bushed Grassland, or bare

Badland soils ground

non - suitablg |

||-ll.’-|l\llllll.l.|||.|_

LOW TERRACES AND ALLUVIAL FANS

T Low-terrace land

|<|

T

|<|

mostly moderately well drained, brown, sij

calcic Xerosol

Wooded-Bushed Grassland,

Calciorthid
with A. tortilis

marginally mczmﬁi

amae. 45 oo

—

:

{ ghtly cay A non-
flal, a few metres above alkali sandy clay loam till 40 - 80 cm, over sm-&m:nw_.eo_._e. nop -saline w:ﬂ Iy
I flooding caicareous , non -to slightly saline but moderate| of M3darasaly to stro g "
cm‘.cn._n. of imperfectly drained clayey soils, mm::M u_rnz.um_..wﬂn_nx ( with a.MMS
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Tf Alluvial fan and tributary floodplain land
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gently sloping but with
many,shifting drainage ways

_ o i
loamy sand to sandy loam till about 80 cm n@,%_., _ﬁ.um. Saling g 0N -alkali,
_ q
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non -suitabjg

— 3

m:.-mgf n_hw_
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e
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3.5 Se
ek RS - - e — - g 1
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—

——
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¥
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SROVISIONAL SOIL MAP o THE EASTBANK OF THE LOWER TANA (guRA-EAST AREA)
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FARENA IRRIGATION DEVELOPMENT AREA
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PART OF BURA - EAST PROVISIONAL SOIL MAP
(FARENA IRRIGATION pEVELOMENT AREA)
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Extension site evaluation No. 21 (Bura East)
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