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" 1. . INTRODUCTION

At the.request of the land and Farm Management Division of the Ministry of
Agriculture, .2 site evaluation was carried out of the soll conditions ef the .
Tana floodplain in the stretch just above the apex of the Tana delta, from
17th to 19th of August 1973.

In first instance attention was to be focussed on the soil conditioms of
the three minor irrigation schemes in the area (Wema, Hewani, Kulesa, each with
about 25 ha presently under development) and their immediate.surroundings, in
connection with plans for their expansion, At the seame time, however, interest
was expressed by technical officers ¢f FAO/HCDA (Horticultural Crop Develepment
Authority) for large-scale irrigation development in the area, This development
would be in the sphere of commercial vegetable and fruit tree growing, in view
of the favourable road comnection with Malindi and Mombgsa, Therefore the whole
floodplain in the stretch Marembo-Gersen, as well as some of the adjacent low
terrace lands, was taken into consideration.

Existence of good-quality aerial photographs 1:50,00 of R.A.F. 1969
allowed for the preparatiom of a preliminary map on the physiography of the
area (see maplet attached), on which the location ef the minor irrigation schemes "
is identified.

It should be stressed that the present mapping and sultability evaluation
is a very preliminary one, based.on aerial photo-interpretation, a few field
observations (surface, augerings, profile pits), and laboratory data on only a
few collected soil and water semples. For any large-scale irrigation development a
a full-fledged feasibility study would be needed which on its turn should be
Exfgeded by a proper semi-~detailed soil survey. Such a soil survey, preferably
carried out with the help of recent large-scale aerial photographs, should include
measurements, both in the field and the laboratory, of the waterholding and
transmitting properties of the various soile and their substratum,

2, ENVIRONMENTAL CONDITIONS

The Marembo-Gersen area is located at about 2°, 10'S and 40°, 10'E, Its
altitude is about 10m or less, Geologically the area consists of Quaternary
sediments, varying frem fluviatile to marine, but no published detailed maps
exist in this. respects The Tana floodplain proper is bended by extensive
terrace lands, only a few metres above flood level, Flooding takes place twice
a year, in May-June and November-December, t1l1l an average depth.af 1-2 feet.
Prom the physiography it is apparent that the main river channel, which is of
the meandering type, has shifted its course to the east side in the course of
time,
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The oclimete is at the narrow transition zone from semi-arid (upetreem)

4o sub-humid (downstream). Mean amnual rainfall would be about 550 mmy with
peaks of about 75 mm per month in April-lay and Nevember-December, and rather
erratic amounts in-between (EAMD averages for.Garsen town are quoted as: January
10 mm, February 5, March 50, April 90, May 65, June 45, August 20, September 25,
October 654 November T0, December 80 mn), Temperatures are high throughout the
year (mean maximum 32°C, mean minimum 27°0).. The mean potential evaporation
(Eo, Permen) would be about 2300 mm per year, 200-220 mm in each of the months
October to March inclusive, 170-190 mm in-between (averages taken from Woodhead
1968).

The srea belongs to the ecological zone 1V, of which the natural vegetation
would be Acacis~rich dry forms of woodland and bushland vegetation. The terracet
lands indeed contain low forest, thioket or bushed grassland, The floodplain is
covered with tall grasses and herbs, with only patches of riverine forest or
swamp forests Indications are that formerly all of the floodplain was coverecd
by such forests.

Agricultural oéccupation is restricted to subsistence farming on the higher
parts of the floodplain by the local population (Pokamo tribe)s Some rice and
maize is grown on-the~floods at intermediate levels, Extensive grazing is the
main use of the terrace lands; in times of drought cattle are moved to the lush
grasglands of the lower floodplain parts, Reportedly a rice scheme existed in th
these lower parts some 50-60 years ago, cozmected. with the main river channel by
a feeder canal, The reagons for its abendorment are not clear,

3,  WATER RESOURCES AND REQUIREMENTS:

The prevailing climatic conditions make the utilization of surface or
ground water imperative for any cropping. This may be done by conserving
floodwater, and has reportedly been ’;ried-out at emall scale, The vagaries of
flooding would however not.permit to take this as & basis for any substantial
arable oroppings. Morcover, any flooding is certainly %o diminish (further) in
the near future, because of the construction of dams in the upper Tana and the

use of Tana water for major irrigation schemes upstream,

For any .substantial erop growing in the area, irrigation development is necessary.
It is estimated that 150~180 mm per month would be needed,  The Tana river is

the ebvious source of irrigation water. The present day dry-season flow is in
the order of 80m°/se0 (Bms/aeo once in ten years,.cf, hydrological data on

Lahza =20 Km upstream of Marembo~ ond Gardssa $own,s reported by Liace, 1973),
sufficient for many thousands of ha's, After the devekomment of large-scale
irrigation in the Bura~Hola area, the dry-season flow will however be
substantially lower,
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For minor irrigation schemes pumping at several sites from the river bed
may not be too costly. For substantial irrigation development, however, it
will for reasons of econamy be necessary to gsupply the water by gravity., This
would imply the construction of a diversion dam further upstream, €.g. at
Sailoni, with a feeder canal leading from there straight to the irrigation scheme.

The quality of the Tana water for irrigation is excellent, like upstream
(Acres/Ilaco 1967, Vols II), A low-flow semple taken during the site evaluation
proved. to have low salinity, alkalinity and bicarbonate hagards (EC 185 miocro-
mho/cm, SAR of about 1,6 and RSC of 0,02 me/lj ofe Richards et al 1954).

: The ground water in the.area occurs rather shallow and is reportedly quite

| vrackish (verbal information, Water Developuent Department and local)s In the

| floodplain its level varies between 4 end 7 m depth, on the terrace lands it

| would occur at _mge_ptpﬁ_pq_ 80, Two samples of groundwater in the floodplain
were tested on their quality. Onme sample, below a river levee part, had only
medium salinity hazard and low alkali or bicarbonate hazard, The other, how-
ever taken from ground water below a basin land part and probably more repre-
gentative for the area as a whole, proved to have high salinity hazard, low to
medium alkali hazard and high bicarbonate nagard (EC 1250 micromho/cm, SAR
10,0, RSC 745 me/l, The implications of the presence of such an unfavourable
ground water at relatively shallow depth for the lay-out of an irrigation
scheme is discussed in ch, 6.

4, LAND AND SOIL RESQURCES

4.1 The floodplain lands

The floodplain of the Tana river in the Marembo-Garsen area
consists of two main physiogrephic units, being river levee lands and
river basin lands.

4,1.8. The nomal river levee land_(unit_FL of the maplet) is just above
present-day normal flooding. The maoro-relief is flat, but there are
meso=relief differences of 0,5 m or less over distances of 20~50 m Or 80.
The soils consist of micaceous (very) fine sands to loams, probably till
several metres depth. The topsoil is brown, with a fair organic matter
content and a favourable structure (moderately subangular vlocky). The
subsoil, mainly dark yellowish brown and with mottles of reddish yellow,
atill maintains a distinet sedimentary atratification, The soils are non-

oaleareous, non-saline and non-elkali till at least 2 m depth. Chemically
the soils are moderately rich only (CEC 5-20 me/100 g soil, V 80% or more),
and no immediate nutrient deficiency is to be expected, though nitrogen

fertilizing would be useful (one topsoil sample showed N 0.2%, P 530 (1)
pom and K 2.4 mef% as easily available putrionts). Tillage is easy. The

|
1
| infiltration rates will be rather high on the average, and the moisture i

storage fair only. / !
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Root penetration will be pomewkat hampered by occasionol abrupt transitions
to clayey or very sandy loyers. The levee lands contain the villages in the
arca, und most of the terrains are slrcady in use for scasonal subsistenee
cropping, like maize, Tocelly, fruit.trees like mongo have been planted,
and do well, The original vegetation, presentday occurring only in patches,
consists of riverine forest, rother high (10-15 m) and of varied gpeeies
composition,.

In seme ports (wit _E:l;._) the meso-rclief is quite irregular, the land
being in fact composed of, or re-worked to, o pointbar compleXe

4.1.b. The normal river bosin lend (wait Fb of meplet) is extensively flat,
without ony apprecioble meso- oOr miero relief, The land 1s flooded two
times a yeargtill 30-50 cm. depth, The soils consist of heavy clay 111
o-%m depth or more; therebelow stratificd fine sandy to loamy micaceous
sediments occur, The topsoil is very dark grey brown, with a feir orgenic
matter content (one sample 1.,7%0)3 it has 2 favourable structure (crumbly,
gr subangulor bloeky composcd of fine gronules), and crack deeply and
stroﬁgly when drye
The subsoil is grey browvn cnd slightly mottled, with o fair structure
(medium prismatic to anguler blocky) and a firm though not very fim
consistence, Porosity scems appreciable till enly about 100 cm depthe
7411 about 150 em the soils ore non-calcarcous, non-saline ond non~alk 1l ;
therebelow o slight golinity ~nd slight alksliness occurs, in the presence
of some soft free lime (p0e 5-8  mmho/cm, ESP 10-25%, Cac03 1%)e
Chemically the soils are quite rich (CEC 40 me/100 g soil throughout the
profile;-V 70% or more) and no immedicte nutrient deficiencies are to be
expected, although nitrogen fertilizipg would be beneficial for several
crops (one topsoil sample showed N 0,2%, P 35 pm and K 0.6 Mees® 08
ensily available nutrient)s ! ||
T4lloge should be difficult but not extremely so, Rootability will
be restricted to 100 cm or 1ess, Initicl infiltration rotes should be - |
fair, in view of the pronounced crackings In the deeper subsoil however, i
the weter puaso,g'a both vertically and horizontally is likely to be very |
1ow (confirmed by lab, tests on some core samples: less than 1 em/doy :
hydraulic conductivity)s
The basin lands are largely covered with o dense mat of tall grasses
and herbs (Panieum meyeriomim, Eohinochlon haploclada). This is often
burned ond the fire each time takes off somc of the patches of swamp forest
that seem to compose the original vegetation, This forest is low (10m
or s0), dense and secmingly rather restricted in species composition,

catno.o/’
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Extensive grazing is the only significant use of the land, The three minor
irrigntion schenes (Hewani, Wema, Kulesa) are however located on parts of
river basin land (sae m:.'.plet). ‘

In some parts ( wiit Fbi) of the basin land, the presence of
pondlike depressions or old river channels c.qs patural drainage channels
causes the mesosrelief to be rather irregular, These parts may also be
deeper flooded and have a more marshy vegetation than the normal basin lands
as described aboves

Between the river basin and the river levee units there are often gtretches
of irg_n_g_iii_qngl_l_e_._ng_s_mt_m;-g). These stretches are usually quite narrow,
but in the area immediately north and south of the Garsen~Witu road they seen
to cover subgtantial acreage (200 ha). There the meso= relief is quite
regular, 4 very dark grey clay to heavy clay topsoil seens to grade into fine
gandy to loamy sediments at shallower depth than in the basin land proper,
nanely 150-200 cm depth or SO. Seattered Borassus palms, towering high above
the surface cover of tall grasses, herbs and some shrubs, may be & characteri-

stic feature of these transitional soils.

4.2, The terrace lands _

The flat terrains adjacent to the floodplain proper seen to consist of
two maein physiographic units, conposing river terraces of different age. The
lower terrpce (upit 1) is situated about 2-3 m above flood levels It is
extensively flat and without appreciable neso-or miero~relief, The soil
consists of clay or heavy clay $111 undetermined depth. The topsoil is grey
brown, slightly crusting, only slightly cracking ond with a fairly good
structure (moderate subangular bloclq‘). At shallow depth however, often clready
at 20 cm, the consistence becones very hard, associated with noderate salinity
(BCe 8-15 miho/on) and moderate o Very Strong alknliness (ESP 20 = 70%).

The soil is slightly caleareous throughout (1 - 3%)e
l a thicket or dense pushland , with sparse

The vegetative cover is

grazing as the only land usee.
72) is situated about 5 0 above flooding, It is also

flat,. but has & congidereble neso~-relief of snall pondlike depressions ond

degraded termite mounds (both diame 10 n or so)._ There is also a nicro-relief

of shallow, partly interconncoted gullies (cow.foetoea). The soil consists of |
sandy clay loam to clay 111 uz}detemined depth, A thin black topsoil, '
sonewhot' sealed, slightly oracking and non-caloareous, overlics a VOIy haxd

subsoil which from 20-50 cm depth onwards is moderately saline (BCe 8=12

mmho/em ) and noderately %0 gtrongly alkeld (msP 20 =~ 50%), in the presence of

only sone free lime (1%).
The vegetative cover ig a low forest or,
grassland, Only rarely some rainfed cropping . plnce.I _ iteel®

where burned repeatedly, a wooded

R R m———
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5, LRRIGATION SUITABILITY AND CROPS

Among the floodplain lands, the normal river levee land (unit F1) is
gogepge;y_wgll suited  for irrigated agriculture, If.grevity irrigotion 1s
foreseen then the land may locally need some levelling, -but such land
development would not be detrimental to soil conditions, In view of the
prevailing water holding and-trensmitting properties, it may however be preferable
to apply the irrigotion water by sprinkling. Irrigated horticultural crops
(a,0e melons, asparogus) and fruit tree crops (ns0s-mango) should do well on
these lands, Their total.acreage east of the river, in the stretch between
Sailoni and the main road, is about 1100 haj it should however be kept in mind
that o good part is already in use for subsistence croppings
| Ao the nomsal basin lands (unit Fb) seem moderately vell sudted for

irrigation, They would not need any levelling and the water holding and
4ransitting properties are better, at least in the upper part of the soil profile.
The difficult tillage is however a disadvantege, a2s well as the somewhat
restricted rooting and the diffioult drainage (sce below), Oravity irrigation
with furrows or bagins would be most suitable for these landse Pield crops
like cotton, moize and sorghum should grow well, The same holds for most leafy
vegetable crops and bananas, but for root crops and fruit trees the soils are
less suited, Rice may well be grownj initially high woter consumptions could
be brought down by puddling of he SubsCils thoughh in that woy the relatively
favournble  soil structure would be destroyed and /th Suitability for other
erops diminishede Mechanised foddex % hay production=to eater for the cattle
in the arid countryside upstream = might be.a feasible proposition as well (
fodier or hay production without srrigation, on~the~floods only, may be feasible

as well, since at this type of land use the presentday wgaries of flooding
sin londs east of the river,

Dovmstream of the road

3 would not be too risky)s The acreage of the ba
between Sailoni and the main xoady 38 nbout 3900 heoe

g this unit eccupies several thousends of heotares moree
The tronsitionnl londs (upit F1-b) combine the advontages of both main units,

ell suited for irrigations Their total ncrecge ecast of

ond con be qualified as Wex
the river, between Sniloni and the madin rond, 18 however restricted: about 200 ha,

Moinly becouse of topographic limitations, the {rregular river levee
londs (unit F1i)_ond the jrregulor river pegin lands (it Fbi) _ are only
mopginglly suited for jrrigated ogricultures

gsive alknlimeas of the soils ot shallow depth,

Mainly because of the exce
the terrance londs (units T1 and 2‘,2) are ynsuitable for irrigation development.
i would improved these goils

Only expensive and time~consuming peclomation mensures

| substantiallye
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DRAINAGE REQUIREMENTS

Any irrigation development in the area has %o pay much attention to drainage
measurese i

To avoid flooding the terrsins are to be protected by low dikes all-
round (empbldering). Because of the associated seepage problems wherever
these dikes cross over river levee land, substantial engineering works will
be requireds If no flood protection is foreseen, then obvieus  any
floodwater has to be drained-off twice a year as soon as possible, to allow
proper crop managements

Drainage is however also essential to avoid ultimate galinisation
and/or alkalisation of the rooting zone, which would.render the soils
unsuitable for any erop growti, As mentioned before, the Tana river
gurface water is of excellent quality for irrigation, but the ground water
may contain harmful concentrations of salts in general, and of sodium and
bicerbonate in particulare Especially for the basin lands, where the
presentday dry season ground water level is only 3-4 m, measures should
be taken to avold any substantial . rise of this level, which would result
in contact between 'this poor-quality woter and the molsture of the rooting
zone, Under irrigation there will alweys be excess water (over-irrigation,
seepage from cansls, flooding or heavy showers) which would induce such a
rise, unless drainage is effectuated.

For the small tracks of pagin land near the main river channel -
vhere the present minor jrrigation schemes are jocated - the drainage cen.
probably be realised largely py speedy surface drainage (furrows, ditches,

possibly gambered bede), with some collector draine till 1 m depth or 850

A substantial expansion of these minor schemes, however, Or &ny major :

scheme, should count additionally with cne or several deep drainage oonalse

They should be 1ocated in the central, lowest part of the Fb unit cast of

the river, and be at
The ground water can then be moved cff though this

posedly adequate horizontal hydraulic conductivitye
tall sizeable drainnge pumps ot the lower end

lenst 3=4 m deep SO as to reach the more Or less

sandy substratums

layer with 1ts sup
It may be necessary to ins
of this conal (e.ge 0B the rondside)e
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CONCLUSIONS AND RECOMMENDATIONS

Te Two main physiographic.units exist in the Tana floodplain stretch
between Marembo and Garsen, namely normal river levee lands (unit F1) and
normal river basin lands (wiit Fb). The Piret has fine sand to loamy soils,
the latter heavy clays; both are non-saline and noraalkalitill 150 em depth
or more and-can be qualified as moderately well suited for irragated
agriculture,

2o In any scheme of substanticl acreage grent attention will have to be
prid to deep drainage, because of the necessity to keep the level of the
brackish ground water sufficiently deep below the rooting zone,

3« The present minor irrigation schemes are well located and can be
expanded further from the river if drainsage measures are token.

4, The low~terrace lands alongside the floodplain, although favourable
from topographical point of view, are unsuitable for large-scale irrigation
development because of the extremely high alkaliness of the soils at
shallow depth,

5. Any mnjor irrigotion development in the floodplain should be preceded
by n proper semi-detailed soil survey, which should include the mapping

of the chemical and hydrologicel properties of the deeper subsoil and the
substrotum,
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TERRACES AND RIDGES

_L_Q_ﬂ_ﬁL_tﬁ[IMﬂ . Flat; grey, slightly calcareous, clay soil, mod
: moderately-to- strongly alkaline as from 20-50cm depth; thicket or d

d.Flat, but with considerabie meso-relief,grey

Upper_terrace lan
oderately calcareousy sandy clay loam to clay soils, moderately sali

m
10 strongly alkaline 5 from 20-50 cm depth; low forest or woode

{
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FLOODPLAINS _

River leves land. Flat, but with some meso—reliet: dark yeliowish brown, stratifiedy
dy to loamy soils; non-saline and nop-—alkali; .

nvel S = e
micateous, non—<alcareous, fine san
fiverina forest or subsistence farming

River levee land, irregular (point-bar complexilike Fl, but
mesc-—= elial { £
@ River levee—river basin transitional land .Fiat; dark brown, ng

clay or heavy clay sails, non—saling and poHlkaii, over micaceous
sadiments; tall grassland, with scattered Borassus palms

River basin_land. Flat; grey brown,non-calcareous, heavy clay, no
assland,with patches’of swamp forest

Lagunar sand ridges. Gently undulating to flat, reddish sandy

or subsistence farming

above 1.5m dapth; tall gr

River basin land, irregular (depressional complex). Likg.Fbi e
Fbi & .

meso—renst of depressions and old river channels

Tributary drainage ways. Clayey soils.probably strongly saline; swamp thicket
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