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THE SOILS OF THE MWEA (KARABA) EXTENSION

1. INTRODUCTION

The Project area, comprising about 3,860 acres, lies to the North
and North West of the low ridge upon which the village of Karaba is
situated (referred to hereafter as the "Karaba Ridge"). The area is
bounded to the North by the line of the Thiba River, the new
development in Block 4 and a minor escarpment which serves to divide the
Project area from the paddies of Block 2A; and bounded to the West by
a minor swamp. The East of the Project Area is indeterminate, but a low
ridge running Nerth-South from the vieinity of the Karaba Ridge was
presumed te be "out of command", The Project Area is based on the
prejected Mwea Blooks 5 and 6.

The seile of this area had previously been mapped by Bellis (1958)
at a seale of 1:10,000, ‘That survey was clearly performed in some
haste, resulting in a superfieial definition of the soil types.

The present survey was commissioned by the Development Planning
Division of the Ministry of Agriculture in conjunction with the National
Irrigetian Beard, and on behalf of Kreditanstelt fur Wiederaufbau,
Frankfurt e Main, West Germany.

The terms of reference laid down for the Projeet were twofeld:

1. To assess the soil status on the existing irrigation with
a view of determining any deterioration.

2. Te desoribe and estimate the acreage of the several soil types
on the propesed extension area in the light of development to
Rice Padi. This survey to involve the inspection of at least
20 goil profiles sited on the complete range of significant
pedolegical situations. '

For this reason it was not na:essary to plot the pit'sites onto
maps; nor wes any form of soil map required.

Sinee no accurate large scale map of the area exists and since the
topegraphieal survey had not been completed at the time of writing, the
acrenge estimates of the soils and indeed of the entire project area
should be received with caution and revised in the light of the results
of the survey. All areas (acreages) stated in this report are estimated
frem aerial photographs (at an approximate scale of 1:60,000) by means
of an Area Computer. 1

: The Seil Survey Unit wishes te acknowledge the cooperation of the
Staff on the Mwea~Tebere Irrigation Scheme and especially that of the
Manager, J.J. Veen, Esq.; alse the assdstance of Messrs Hinga, Leyder

and Muturi.
2. ABBREVIATIONS

The fellewing teehnical abbreviations are used in this report:

0. M. Organic Matter-

Mont. Montmorillonite

C.E.C. Cation Exchange Capacity (m.e. %)
E.S.P. Exchangeable fodium Percentage
mees % Milli equivalents per cent

PsDaM. Parts per million

C. Carbon

Ca Caleium

K Potassiun
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Mn Manganese » ? 5
Mg Magnesium e ‘. o & 1 .
P Phosphorus ___ ; | v g i o .
pH Log of the Reciprocal ofthe Concentration o3
of the hydrogen ion_ ' w o o 3
3. METHODOLOGY o | d < : g1 o o

On the Extension Area, 38 soil inspection pits were dug to 6 feet: g w G g %
these were sited on the basis of apparent variations iginatu;al Pgenomena £
likely to make a significant impression upon the direction of soi N 2 . 4 r* &
develgment. The fEZtor of greatest importance in this respect was found - @ i S f'.' . o E: o o ™
to be that of topography. These soil investigationg were supplemented Q @
by ground inspection on foot and by extensive augering. The approach l a
followed on the Irrigation Scheme is described in Section 4, below. - % |

, el Q o o |
x . . . .

Twenty one of these soil pits were sampled according.to evident & ','.é:su:g u! 0 0 e i 23 !
distinctions in soil morphology. Additionally, some topsoil and auger & o fé & = - h ]
samples were analysed. % C was determined by the Walkley-Black method. = £ A l

: ; - &
PH and conductivity assessment followed methods of the U.s, g 5 8 @ & a2 be
Department of Agriculture ("Diagnosis and improvement of saline ‘and ;
- alkaline soils" Agric, Handb. 60, U.S. Govt. Printing Office 1954). .5 ] e © ~<
C.E.C., exchangeable cations and available mutrients were estimated by & o o e~ o
. methods based on those of Mehlich A, Finkerton A, Robertson W and K

Kempton R ("Mass Analysis Methods for %Soil Fertility Evaluation" Memo. =

of the Scott Agricultural Laboratopies 1962). Mechenical anelysis was E £ & = &
performed by hydrometer (Buoyoucos G.J. 4227 "The Hydrometer as a new and o = = 3 b s} =) A
rapid method for determining the colloidal content of s0il", (Soil Sei. il . o o o
- 23, p. 319<31). Clay samples (< 2p)were prepared according to Theisen

" AJA. and Howard M.E., ("4 paste method for preparation of slides for %

clay mineral identification by X-ray diffraction" 1962 Soil Sei. Soc. o, i

Amer. Proc. 25, p. 90~91) and were analysed with a direct recording o O ol

X-ray diffractometer. ; i g ~ ™ " Q0 o ~ N

= = o W 0 0 0 p a o &
4. SOIL CONDITIONS QN THE EXISTING IRRIGATION SCHEMES gl ’;E 0913 {
¢ . N ]

: The Mwea Plains should be viewed as a series of. clay basins. i "

underlain by Olivine Basalt. The basins form a series of steps, B e o & o » Q P o o
descending towards the Fast and each step is marked by a minor escarpment = I wd ~ ~S

formed of basaltic boulders. Lateral drainage is from West to Fast. e %

Necessarily those higher lying basins recciving alluvium and draihage =5

from "the Highlands" are composed of acid material, mostly halloysitc

with a tendency towards ground water laterisation. Such soils umler 2 P ™ ™ )
padi exhibit intense mottling in the surface layers with gleisation in e ,&Q'% & o &~ ﬁu?g = e e~
the sub-surface reduction zone. Occasional iron concretions may be < @

found. | Y o : o . S

There is a net removal of bases from such soils and these bases,

if not direetly carried away in the drainage, tend to accumulate in the -

lower lying clay basins, esnecially in situations where the-soils are & 3 §13?§§ ‘% % ;?
both deep and impermeable, Sodium is an ion which is especially mobile k a 9 b s

in this respect. So it is that the lower-1ying clay basins (i.e. those

farther East) have a higher concentration of bases and tend towards an I

alkaline reaction. Furthermore, since much of the toarser alluvial

material is laid down in the upper basins to form light clays with i

significant proportions of 81lt, so the lower basins ape composed @ i 4 g Eﬁﬁ o 3
almost entirely of a very fine textured (heavy clay. Under long g’*& gy 1 " 2 5 & b i}
continued conditions of impeded drainage in a base~rich medium, these Ha S ~ ™ (=S ~ A
heavy clays have developed into montmorillonite. The Project Area
comprises just such a low=lying. clay basin. =)

of soil development on the projected extension from consideration of the

|
It is, therefore, ot poseible to predict the likely course }
contemporary soil status on the irrigation scheme, since the vague term |

..Oani/z
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"Black Cotton Soil"in fact embraces a wide range of differing soil types,
some of which mey be expected to react to irrigation along dissimilar lines.

It is probable, nevertheless, that the soil development at Mwea/
Tebere can provide some clues to the likely coursc of soil evolution on the
Project Area. The aim was to compare paddies of different ages but, due to
lack of irrigation records, this was not possible. Instead, resort was
had to other comparative methods.

Data is provided in Table 1 end 2 of two quite separate soil types which
are presently growing padi., Table 1 represents a padl on Unit 6 Mwea,
derived from the drainage of the Nguka Swamp and sited on the highest=lying
clay basin, The Nguka Swamp was originally dcscribed in a report of 1955 as
a "moderately rich orgenic acid soil", The holding number 1963 was probably
brought into production in 1956 and is situated half way down the feeder canal,
_.growing a typieally good crop ‘of rice. The very dark organic topsoil only
extended to 4~5 inches. The holding had received 1 cwt. of superphosphate
every year since 1959; but without nitrogen, Table 2 represents a soil from
a lower-lying clay basin (Block 11 at Tebere) which was developed for padi
about 1959. This is a relatively shallow, very dark grey heavy clay with
locally abundant besaltic rubble and boulders below 22 inches.

All of the soils under padi show obvious signs of chemical reduction.
This reduction starts through the metabolism of anaerobic bacteria and
results in anaerobic decomposition of organic matter, high concentrations of
ammonla and carbonic acid, migration of reduced compounds of iron and
manganese, production of sulphide, destruction of nitrate, increase in pH and
increased solubility of silica. These profound chemical changes tend
to alter the character of the soil type.

The following is a summary of the more important findings of the
comparative studies: p

1, Compared with the soils of the projected extension, the soils of the
Irrigation scheme have a lighter topsoll texture, are more strongly gleied and
are significantly more acid: they comprise about 40 to 50% montmorillonite
(remainder of the clay fraction is hallo[) compared with almost pure montmo=
rillonite in the Project Area. éysite

2. Comparison of the composition of irrigetion and drainage waters on
the scheme indicates net removal of significant quantities of salt, sodium,
calecium and bicarbonate. The mean conductivit— of the irrigation waters is 73
micro. mhos, (and pH 7.6) that of the drains is 272 micro mhos. (pH 7.7).

3« Comparison of paddies at varying distances from the canal inlets failed
to reveal any significant differences in sodium content or in pH; neither 4id
applications ‘of ammonium sulphate affect these properties.

4s  Comparison of virgin soil with that in neighbouring paddies also failed
to demonstrate eny crucial differences. The expected slight increase in pH
was, in fact, indicated in the data (mean pH of virgin soil = 5.8; that of the
paddies = 6,0). This pH level is, incidentally, ideal for padi. The higher
levels of bicarbonate in the paddies probably accounts for all of the rige in pH,

The surface salt content (already low in virgin soil) is reduced by half
under irrigation; subsoil salt is lowered about 50%, Evidence for changes in
the surface contént of sodium is inconclusive, though some of the paddies
demonstrated an insignificant inerease in E.S.P, above that recorded in
neighbouring virgin land. Subsoil sodium is reduced under padi.

The anaerobic decomposition of organic matter does not appear to be
Proceeding at a speed anticipated for paddies, presumably beecause the prevailing
temperatures at Myea are lower than is usual for rice production. There is
generally a small decrease in organic content on the scheme, but the deta were
not consistent and surface organic matter comprises between 3 and 5% of the

Sgoils §n ngdies originating from the Nguka Swemp, organic content g4ill
€xceeds 6%,

oa.os.o/zlv




At its South Western extremity,

-k

The paddies show enhanced levels of available manganese;

]
nowhere does this element attain toxic proportions.

The average level of potassium (already apparently
deficient in. the virgin soil) is approximately halved under
padi, and is probably becoming a factor limiting yields of
padi, on the scheme. The low level of potagsium may well
account for the lodging which has been experienced with
only comparatively small applications of nitrogen.

B Toxic concentrations of alkali are invariably associated
with lines of lateral seepage which seem to occur where there
is a change in slope (convex). Here the surface E.S.P. is
in the range of 7-14 and the gubsurface E.S.P. is far in excess
of 15 (average 29), There is visual evidence for the dispersisg
of the surface organic material and precipitation on the ped.
faces of the iron and mangenese compounds translocated laterall
by the seepage. At depth there is an abundance of precipitatel
calcium. Circumstantial evidence (especially that obtained
from the condition of the natural vegetation) indicates that

. toxic seepage occurred prior to scheme initiation; a more.
deballed soil survey would have demarcated such areas. Where

rice manages to survive on these seepage lines, the straw
is considerably shortened and tillering is inhibited. There

is absolutely no evidence to suggest that the area affected
by alkal; is expanding. .

5. . PHYSIOGNOMY OF THE PROJECT ARFA
1. Geology

The Xaraba ridge is composed of Simbara basaltic agglomerate. The
remainder of the area is underlain by Thiba olivine basalt, boulders of
which can be seen out-cropping in the North Western extremity of the
Project Area. The dark greyish brown olivine basalt, erupted from Mount
Kenya, is normally fine-grained and non-porphyritic with a slightly . .
speckled appearance. Coarse ovoid vesicles are common: phenocrysts are

generally scarce or absent.

The basalt is covered ‘(unconformably) by a very fine-textured montmo=
rillonitic alluvial eclay which accumulated to a varying depth on the
basaltic floor to form a heavy .clay basin., This clay is not in any .part
derived from the underlying basalt. However, around the North Western
and the South Eastern sdges of the Project Area, where the alluvial clay
laps up against basaltic ridges, there have been colluvial ineursions
o? a coarser~textured brown soil material of voleanic origin,

The ¢lay basin is now in places suffering minor erosion due to the
deepening (? rejuvenation) of the course of the Thiba River and its

associated tributaries, On the resulting slopes the clay cover is. relativell
thin and contains. basaltic rubble and boulders. '

i i a D =

The clay basin is not in any part absolutely flat. A slight trough
runs through the heart of the Project Area from South West to North East.
it opens out to form a rather extensive
t it becomes a shallow rejuvenating gully
he corner of the Project Area. This
of the area drainage and:its basé: broadly

: : To the East of the trough,
Ehe country rises very slightly to form a low whale~backed mound; but to the

area of swamp. To the North Eas
which joins the Thiba River in t

a8 the "Karaba Trough"). Within
ce forme a distinet convex s8lope

(average-aboutjfﬁoun to the (minor) flood zone of the Thiba.

A few lesser gullies occur below the Karaba ridge.

SikalS
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3. DNatural Vegetation

i 1lly as an open
The area vegetation could be described genera
hlori gtar me d accompanied by
rassland of C is, Sctaria and Themeda triandra,
chttcred stunted sp;cimens of the "Whistling Thorn" (Agacia

ium) 3 acia ts for up to 10% of the ground
drepanolobium): this Acagcia accoun e
czver, though forming a low thicket in the South West. Occasional

bush assoclates include:

1 the lacantha, Tt tes tiaca and

i e - drainage within the
Minor and very local depressions receiving
cloy pleteau normally remain uncultivated due to secasonal uat;rlogg%ng.
Such arecas are normally dominated by Chloris with subsidiargi_gigiﬂgﬁgg
mezienum. A 10 to 20% low cover of Euclea diviporum kenienSig

charactericstic.

Descending towarde the shallow central trough,“the uhi;;ié:fozh2§ns
gradunlly become taller and demser, This might eithcrlgc a )
the soil moisture status (more moisture available fgr 5 nge;egs .
or it may merely be that these thorns at lower levels have Toh et
established over a longer period, i.e. they are invading .pre i
cultivaeted lands further upslope. Herec the gro%nd govcra;gmggcreaEing
90-100% Chlorig, with occasional clumps of §pbg;rgn_§g§he o
sedge towards the lowest lying areas. 4In thg base g cﬁith i
trough is an open woodlsnd of up to 50% Acacia scyal seval
herbaceous cover dominated by Chloris.

Both fhe boulder&iescarpmcnt and the (alkaline) slopei down to tze
Thiba River are characterised by abundant clumpe of Pennisctum mezianum.

In the Karaba trough, there is a very open scruh of 20% Agacig

d gresses. About
repang i ith a meagre cover of stunted herbs an
gok of %ﬁzkﬁgoz;d is barg, expecially in areas of relatively intense

soil cracking.

gnniset’ it is concluded that, where
With the exception of the P setim, 1

the vcgitation is egaphically significant, it is indichtive gf variations
in surface drainapge and in the degrec of seasonql water-logging.

4e Crovving

t area is cultivated. Most

A ximately one half of the projec

fields 5233 maize {ntercrOpped with chick-pea. A significan: progortion
of the acréage is down to coriander which provides a high return in

years of small supply.
6. SUMMARY OF SOIL TYPEE

| : verlying rock or rubblf
. C ontaining basaltic boulders, overly
debrislat algﬂgtg of lessgthan 3 feet. These shallow clays associgtcd
with rejuvenation cover some 500 acres. Th;re arc, however, grounds
for optimism regarding their utilization:

(1) Good crops of padi arc obtained on the existing scheme with
as little as 18 inches of soil.

(ii).Prison labour can be used to clear the boulders.

; It is estimated
Boulders are required for scheme gtructurcs.
o tﬁat only 115 acres will be unavailable due to rock.

sesessere/b
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2+ Clays on the slight slopes above the Thiba River. These are
subject to incursions of lateral alkeli seépages and arc generally too
alkaline for rice. After scheme initiation it is thought probable that
seepage, and hence alkelinity, will incrense, In places there is a
combination of shallow soil with alkaline scepage. In all, these
unsuitable areas cover 275 acres.

3+ The cracking alkaline clay of the Karaba trough,
accumulates alkalig

e run-off from the Karaba ridge and has b
unsuitable for rice

€en rendered
+ This trough comprisce 425 acres.

4e A minor area is affceted by intense alk
“in certain

aline subsoil scepage
situations bencath the North
55 acres, .

Western escarpment and covers

‘5. The remainder of the Project Area,

dark grey and impcrmeable, poorly drained, Very heavy montmorillonitie
clay, is considered suiteble for padi, The area involved is 2,990 acres,
of which about 100 aercs may be lost due to problems involved in

designing the scheme to avoid siteg which are pedologically unsuited
to padi; i.ce 2,890 acres available,

A1l thc above soil types are dc
Seetion 7 beloy. 3

mostly comprising a Very

scribed in greater detail in

7. SOIL DESCRIPTIONS AND ANALITICAL DATA.
—-—_—--—-—-“_____ I ;

"Topsoil" is here defined as the surface horizon; "subsoil" jie
that horizon approximating mogt nearly to a hypothctiesl layer 24 to
36 inches in depth,

. (a)  Shallow glave With basaltic boulders

These are heavy véry dark grey cle
boulders ard/or gravel to +

V8 containing basaltic
O the surface. Rocks arc normally encountered
within the top 3 feet, Caleium may be precipitatcd as free lime associated
with lines of stony rubble: Apart from the stoniness, these soils exhibit
many of the characteristiss o '

i f the deeper clay basin 80ils to be described
below; 1t is notthought necessary thercfore to present a more dctailed
description. - ;

Where the soil is less than 2 foet deep, there will probably be
secpage from plot to plot. 'This flow will tend to raise water consumption
and leach thc more soluble nutricnts, On the other hand, this lateral
movement should help to inhibit adverse soil red

uction.
(b) Sloning Claye above the Thiba River

These heavy,

5 very dark grey clays are sited on slopes of .20!
to 1° above . the Thiba levee. They are calcarcous and to a greater or
lesser extent alkaline, often with intcen,

: sely a2lkaline subsoils, There
1s eometimes a slight organic accumulation on thesc slopes. :

the demarcation in the fiecld of alkalieaffected
arcag. Many of the soils investigate

d had basaltic stones in the
profile. The mean depth of the sgoil above continuous boulders = 34 inches.

sveasd?

1967

749 = 751
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' The table below indicates mean values for the more important
goil properties, calculated from data obtained from 6 soil prefiles.

. pH

% 511t | % Clay | #aC03| Sat. E.S.J.
| Ext. }

TOPSOIL - Means 1, 73 5.4 | 8.4 T.J

SUBSOIL - leans 10 Th 7.6 8.3 25.3

Soil profile No. 14 has bcen sclected as representative of these soils:

Pit No.
Soil Depth:

Slope: 19

Microrelief:
Drainage:

Vegchation:

Profile Description

45 inches; overlying near—continuous
bagaltic boulders and gravels.

Agpect: North
Strongly undulating

Receiving from the South East and South

West.

80% Pennisetum mezianum

10% Chloris and Sctaria
Minor bare areas associated with surface eracking.

08" Very dark grey (10YR 3/1) to Black (2,5Y 2/1) very

hard heavy clay, with fine and medium strongly developed
blocky structures. aurface one inch has & VEIy fine blocky
to granular structure., Slight vertical cracking. Few
fine and very fine caleium concretions, locally common and
increasing with depth., Common fine and very fine roots.
Lower boundary clear and undulating.

g=18" Very dark grey (2.513/1) extremely hard medium clay,
with fine to coarse strongly developed blocky structures.
Very slight matrix reaction with 10% HCL.:  Common fine and
medium calcium concretions, locally abundant. Few fine and
very fine roots. Gradual lower boundery.

18=45" Very dark grey (101R3/03 3/1) to dark grey(10 R4/1)
ond somewhat gleied, very hard heavy clay, with lenticular
orientation and evidence for slipping between structural
units. Very slight matrix reaction with 10%H01l., Some
basaltic gravel below 33 inches. Faint and distinct streeks
and blotehing. Few vertical lime streeaks. Locally common
and slightly hard coarse 1ime spots. Abundant very fine to
fine calcium concretions. Lower boundary clear and

undulating.

Data for Frofile 14 is provided in Table 3.

(¢) Ihiba Levee.

These brown light alluvia

1 clays extend on average

only 50 yards South of the Thiba and are therefore of no areal

gignificance. They are subject
of high river flow.

toflooding during periods

APPSR
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(@) Alkaline clavs glose to the North

Western Fscarpment

Alkaline éeepage from off the clay basin above the m
locally affects the clays along the North West of the Project Ares,
These soils tend to be between 3 and 4 feet deep overlying basaltie
of the same type as (b) above, being calcareous
and alkaline and equally unsuitable for rice,
A deep intereceptor dr
this e

2in will be necessary
scarpment to. prevent
side of

along the bage of
any further goil deterioration along thig
the Project Ares,

(e)  Alkaiine elays of tas iigraba Troush

These moderate
clays are quite dist

1y cracking, very dark
for padi due to thei

inctive;  they have been regarded gg unsuitable
I sub=-surface alkalinity,

Soil Profile No. 21 has been selected ag representative of thege
soils:

Pit No. 21 Profile Description
Profile Depth: 45 inches
Slope: 10! Aspect: South Wegt.
Relief:

Base of trough,ﬂigxgggiégi: Undulating
Drainage: Receiving down the trough;

very poor
Vggetgtjgg: 20% Serub A

cacia drepanolobium
50% Low herbs
30% Bare ground

Rooting below 45 inches
0=6"

Very dark grey(10YR3/0) extremely hard, heavy clay, with coarse
and mediunm Strongly developed blocky structures, Vertical cracking
to 1% inches, Surface # inch has gramular and very fine and fine
strong blocky structure, Fey fine pust mottles,
reaction with 10% HCy, Few fine g
Lommon rine g

Very slight matrix
nd medium caleiy

L m concretions,
N4 very fine root Gradual lower bo

Se

6=28" Very 4

undary,
. ark grey (101R3/0) extremely hapd very hea
fine to coarge gtrongly developed blocky
Slickensides with e

vy clay, with

r structures.
lay faces,

and lenticula

Slight matrix pe
Few fine to medium

becoming loe

caction with 10% HC1,
caleium concretions, increasing with depth and
ally common., = Fey fine and very fine roots,
boundary,
8H+

Diffuse lower
Very dark grey (NA/IJ extremely hard hea
developed blocky Structure, Slight matrix rea
Abundant fine and medium cale
Few to common coa

ium concretions,
rse lime spots,

Data for Profile 21 is

vy clay with coarse moderately
ction with 10%Hc],

locally in clusters,
Few very fine roots,

Provided in Table 4o
(f) Mixed Colluvial Clays oloee to the Karaba Ridge
Soils of

the clay basin are locally overla
ash from off the slopes of the Karaba
1ved from basaltie agglomerate is v
Ty dark greyish broyn (10¥R3/2),
ying base level clay. ' The subsoils tend to be affected
aline Seepage .f'rom ofs the Karaba Ridge.

in with colluvial
Ridge,

ery dark br

00000/9

inor €sca

grey and very heavy alkaline

TPuer
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ry to dig a deep interceptor drain below the length of the

be nec€s st
faraba Ridge.

Upless further deterioration occurs, this soil is considered
quitable for padi. It covers only the very fringe of the South East edge
of the Project Area and, for this reason, is not deseribed in detail.

profile No. 24 is considered representative of these soils, data
forumich is presented in Table 5.

(g) Scils of the Clay Basin

These are Very dark grey heavy clays which crack deeply and form
, milehy granular styucture at the surface when drying Grumustert) .

The solum i8 very hard when dry, sticky and very plastic when wet, with
strongly developed blocky structures and subsoil glickensides. The
clay is composed of nearly pure and well crystallized montmorillonite

yhich is impermeable and poorly drained, Variable amounts of free lime

are precipitated in the profile, mostly in the form of calcium
concrebions vhich become more mmerous with depth. The topsoil 1is
slightly alkaline, bub below about 3 feet there is moderate alkalinity.

Since this soil type covers over half the Project Area, 1t is treated

in considerable detail.
Despite the apparent uniformity of thie soil type, some variation
existe:

(a) In the degree Of subsoil alkalinity.
(p) In the distribution of calcium concretions.

(¢) In the extent .of gleisation.
(d) In the proportion of surface organic matter.

Organic matter tends to accumuilete in areas of seasonal water—logging;
but the level 18 significantly reduced by surface cultivation.

A sub=type 18 qistinguished in the lower lying areas of the Central
trough. Here the clays are subject to seasonal water—logging and are

distinguisbed b particularly heavy texture (average Yo soil has
9% gilt and 83% clays; subsoil has 5% gilt and 84% clay?, organic
accumulation at the surface, common calcium coneretions and gleied blotched
subsoils. The distribution of this soil broadly corresponds with the

ares of Acacia seval, put spreads somewhat beyond thise woodland.
90il Profile No. 18'has'bcen gelected as reprosentative of this
gub=-type:

Pit No. 18 Profile Depgription
Profile Depth: 57 inches

Slopet10' Aspect: East
Relief: Neer page of troughs Microrelief: Undulating

Seasonally ponded.
. 20% Acacia drepanolobium

10% Acacie seyal
Fuclea divinorum

WLERHS o




from 18

represent this
Project Area

are, respectively, Fast

0=5" Very dark

developed granular and fine blo
cracking,

- 10 =

Ground ‘cover; 90% Chloris
Cyperaceae
Themeda triandra
Sesbanie sp.
Sphaeranthus sp.

Rooting below 57 inches.

929" Very dark grey (101R%1) very herd, very hea
etrongly developed blocky structures, Ocensional vertical ceracks. Fey
very fine to medium ealeium concretions. Occagional fine and distinet
rust mottles. Very slight rusting in root channels. Common fine and
very fine roots, locally abundant. Gradual lower boundary,
2=35" Dark grey (10¥R4/0) extremely hard, very heavy clay, with medium
strongly developed blocky structupes. Slickensides

Slightly gleied with very faint blotching,
with 10% HCl. Few to common fine caleium concretions, Fey fine

to very fine roote decreasing with g

epth.. Diffuse lower boundary,
zg“+ Dark grey (101R4
strongly de

/03 Nh/1; NA/O) very hard, very heavy clay, with
veloped blocky structures, Well-developed cla
slickensides. Common very fine rust mo

blotehing, Fey

¥y faces and
ttles. Ocecasional faint rust
fine caleium concretions increasing with depth;
occasional coarse calcium coneretions. Few coarse lime spots incre
with depth, Very few very fine roots.

Data for Profile

vy clay, with very fine

with clay foces.
Very slight matrix reaction

asing

18 is provided in Table 6,
Since the sub-type 4
differences from the soils

escribed above was found t
areas not subject to sea

occurring elsewh

0 exhibit no crueial
ere in the clay basin (in
sonal wnter—logging), it was determined to

group all the soils of the clay basin togeth

status, for the purpose of ¢g

in Table 7 bel

€r, regardless of drainage
leulating the mean values which are set out
OW. These values have been computed from data derived
soil profiles, The range in values
value recorded) is alge

(i.es highest and lowect
indicated in Table 7.

No samples (anywhere in the Project Area) were found to be saline.
Two Soil Profileg -

Numbers 12 and 1
80il type,

7 = have been selected to
which covers an appreciable portion of the
and which is considered suitabl

¢ for pedi.
and Weet of the Cent

The profiles
ral trough.

Pit No, 12 Profile Description

Profile Depth: 60"

Slope: 10! Aspect: South West
Relief: Plane Microrelief: Gently undulating
Drainage: Poor
Vegetat I

Acacia drepanolobium

: 10% {Acacia polyacantha 4
Balanites aegyptiaca

90% Chloris/Setaria grassland.

Rooting to 48n,

grey (10YR3/0; 3/1) very hard, very heavy clay, with a etron¥
cky structure.

Slight to medium vertical
roots. Gradual lower boundary.

Few to common fine

'loo./ll

1.2
1%
7+3

1.0
15
5.8

0.3
0.1
0.1
pom.
33
35

bages

Euchnnfeﬁblig
26.8
32.8
40.8

9.4

10.0

10.0

LAB__ NO. 761 - '763

rients
Fut Mg

54
50
40
m.e-%
15.2
13.6
10.6

Ca

Available

g1
86
80
0.04
0002

TABLE 6

85

83
0.4
0.5
0.5

85

1.1l
1.4

KAR/BA
PIT 18

8.3
845
Bel

13

2.25
r?.?.
Ce3
8.9

TNCHES
D epth
9-35
35+
INCHZES
Depth
9-35
35+
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3/1) extremcly hard, Very heavy clay,
a weakly developed prismatic structure and very strong blocky
lay faces. E}ickensides increasing with depth.

ith 10% HCl. Very few fine celcium
roots., Diffuse lower boundary.

n Very derk grey (10783 /0;

Few fine and very fine

grey (10YRB/1) very hard, very heavy ¢lay with coarse
strongly developed sub-angular blocky structures. Few orgenic caste.
Common VETY f£ine to fine caleium concretions jnereasing with depth.
Qccasional coarse 1ime spots. Very few fine to Very fine roots. Diffuse

1ower boundarye.

_60" Very dark

) to fark grey (10YR4/1) very hard medium
ith abundant faint light

s+ Very dark grey (10¥R3/1
S1ight matrix reaction

clay with plocky structure. Matrix gleied W
blotchipge also some distinct dark- blotehing.
Ath 10% HCLl, Abundant fine calcium concretions.

Data for Profile 12 is presented in Table 8.

| ' I
| : | o pit No, 17
: profile Depth: 52"

[
| i
Slopet L Agpect: BEast South East

[ .

Profile Description

il : .

Microxtligf: Tuscocks.

[ : ;
.I| - ‘I ! 3 .
Drainages? Foor.
0% Acacia drepanolcbium

|
||I ¥ - ; . !
f - 1 i x . 1
| : ; 2 Vegebaltion®
2 AR : Z"90% Chloris.
' ' 10% Bare ground

( i ; : ' - Rooting below 52 inches.
| N T e ' Q%%" Very dark gre (10133/1) very hard, heavy clay with fine to coarsc,
{ . _ 2 ! moderante to strong developed sub-angular hlocky struetures Surface
< 0 ' ' inch of strong granular and very fine blocky gtructure. Vertical cracking
; to 1" with root tearing across oracks. Very few fine caleium concretions.
Common fine and very fine roots. Gradual lower poundary.
(2.513/1 to N4/1) xtremely hard, heavy clayj f1ne
loped blocky and lenticular structures with clay
The lenticular.oricntation i1a well developed,
o the vertical, Few fine and medium caleium concre=
ith 10% HC1 at the horizon base.
Occasional medium

=3L" Very dark grey
and medium strongly deve
faces and slickensides.

’ ; : i d cracking at 35 to 40°
; tions. Very slight matrix reaction W
: Few fine and very fine roots with a fev root galleriee.

K . : ; i roots. Clear and undulating lower boundary.
: 34"+ Very datk grgy (1OYR3/1) very hard, Very heavy clay, with coarse
; : and medium strongly developed blocky gtructures, having poorly developed
' - : . clay faces. £light natrix reaction with 10% HC1. Abundant fine and
; I medium caleium concretions. Occasional coarse 1ime spots. Very few
very fine roote. '

presented in Table 9.

Data for Profile 17 is

————— e e

| | ' ' ofilcs opened up, or augered, on this 'esoil type:
| f L6 exceeded 4 feet in depths 23 struck rocks between 42 and 48 inches;
AR 11 showed soil between 36 apd 42 inches deep} and 5 indicated between

: 2/, and 36 inches of goll, i.e. it can be expected that about 94% of the

land area covered DY this soil type has a depth in excess of 36 inches. |

MNP i

Out of 85 soil pr




The topography indicates that thes
at different levels so as to ensure

The goil factors:likely to limit padi develo

€ consideration of the depth and ston
dealt with in the previous section)
balance of mitrients.

(leaving asid

Alkalinity

The ideal pH for padi is bet
of the Soils of China", 1936) has
gives the following
2,678 1bs. from soils of
- pH 6.5 to 7.5;

in China. He

7.53 1,920 1bs,
Thus,

from non-saline and alkaline soil, pH exce
whilst padi is tolerant o

L

8¢ soils will have to be bupie
an equitable distribution of water,

pment on this lang
iness which were
are the alkalinity and the existing

ween 5.5 and 6,5. Thorp ("Geogram
related soil reaction to Crop yigih
mean yields (in lbs. per acre):

PH below 6,5; 2,615 1bs. from neutral soil
2,320 1bs, from saline and alkaline soil, pH exceedin

eding 7.5,

f n wide range of soil reaction, it
appears to show a preference fo

be hamful to
India, Austral

It can therefore b
yields of pedi on the K

padi, during the cerly growth
la dnd Pery,
produce reasonable yields

r acid soil. The alkalinity seems to
stages; yet in parts of
amorigst other places, padi is reported to
at pH levels around 8,

e predicted with reasonsble confidence that
area

ba extenftion will be lower than those from
the existing scheme, yet n

ot disastrously so: the difference may be
from 2 to 6 bags per acre. ;

It should be remenm
not, in any case, rem
status, plant growth and season,

In general, the pH can be expected to
rise during flooding and fall on 4
is likely to result

Furthermore,

decrease in
Fftﬁi]iﬁx

‘the qu

generally found, h
of nitrogen

of grain, in
.important ro
that a ero
67 1bs, of nitrogen,
(potash),

There ig e

Thiba water is e

Soil analy
Yet

may be due to a

unfavo

canse a depreseion in
is deficient.

the Karabe exte
sulphate)

applications of a
nitrogen for the cro

alkalinity.

Considerable differences exist between different soil types in
ontities of nutriente removed £

owever, that rice takes up comparatively large amounts
and potassium and low level
particularly important in the
proves tillering,
le in the forma
p of 2,800 1bs, per acre

vidence to indicate that co
ausing loss throug

5€8 presently indicate deficiencies in nitrogen and potassium.
: no response has yet bacn obtained a
Thie

arably high ratio) of Me
1s preventing a response, then there is nothing th
the other hand, it is yell
to padi mey be beneficial

It is pos

nsion by the applica
and potassium,

bered that the pH of the land under

padi will
ain static,

but will vary according to soil moistum
rainage,
in a depletion of bases

mmonium sul
p but may, over

Long continued irrigation
y especially sodium.
phate will not only provide
o long period, also effect a

rom the soil by padi. It is

veds of phosphate. Potassium is
early months since it promotes the set
increases disease resistance and plays an
tion of gtarch. In Malaya, it was found
removed in the grain and the straw,

10 1bs. of P305 (phosphate) and 70 1bs. K,0

ntinuing irrigation with the
gh' leaching, and ultimate impoverishments

t Mvea with potessium fertilizer.
nutrient imbalance. The analyses indicate a most
gnesium to Potassium. If it is this that

at can be done. On
known that addition of but a single element
only within narrow limits, and may even
yield where, as at Mwea, more than one nutrient
sible that enhanced yields may be obtained on

1tion of both nitrogen (as ammonium
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8, KARABA FXTINSION; SUMMARY OF ACREAGES

(1) Unsuitable Aveas
Due to Boulders and Underlying Rock
Due to Alkali
(2) Slopes down to the Thiba
(b) The Karabs Trough

(¢) Beneath the North Western
Eecarpment

Due to associnted design problems, say:

TOTAL UNSUITABLE

(11) Suitable Ares

FETIMATED
ACREAGE.

115

275

425

55
100

970 acres

2,890 acres

Vietor D'Costa. B.Se.
John Makin., LA, lMSe,

SOILL SURVEY UNIT

23xd February, 1967

e ——
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