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- . INTRODUCTION

This report presents the results of a reconnaissance soil survey of certain
lands in the Rufiji Basin in Tanganyika. The object of the survey was to find land
on vhich the waters of the Rufiji River and its tributaries could be used for irri-
gated cropping.. , g SR T TR - LV 4 TN 1 G -

The work was done in the period 1954 to 1959 while the writer was on secondmend
to the Rufiji Basin Survey team of the F.A.O. Owing to the inaccessibility during
the wet season, of most of the land surveyed, field work was limited to the months
July to December each year. From 1955 onwards the soil samples taken during the

. course of the survey were analysed by the writer's laboratory staff at the Southern
Regional Research Centre, of the Agricultural Department, at Nachingwea in Southern
Tanganyika. (Until 1957 this Centre was under the auspices of the Tanganyika Agri-
.cultural Corporation). - - = B S o - : oo ¥

_ There are four areas of land within the Rufiji Basin which seemed likely to be
suitable for irrigation. These are (1) The Usangu Plain, (2) The Kilcmbero Valley,
:{3) The Lower Rufiji Valley and (4) Pawaga (see figure 1), Soil reconnaissance
‘maps on a scale of 1:125,000 were produced for all four areas. Land Suitebility
Maps, showing an assessment of the value of the land for irrigation, have been
produced for the first three of these areas. Less work was possible on Pawaga ard
there was insufficient information, particularly as to the incidence of alkalinity
-and salinity in the soils, to justify attempting a suitability map. In the -
- Kilombero Valley a soil survey carried out in 1952-53 by R. F. Loxton has been
incorporated in the present work, by permission of the Tanganyike Government for
.whom the survey was done. i : ' ' \ E;

Valuable help was given by Dr. H. C. Pereira and his staff, from the East
African Agriculture and Forestry Research Organisation, who made several trips to
parts of the Rufiji Basin and took undisturbed core samples from several soils.

On these samples they determined percolation rates, pore space, field capacify, evc.
Dr. Pereira has prepared a summary of these determinations and this appears as
Avpendix 3 of this report. : - bl %

Grateful acknowledgement is made of help given by W. E. Calton Esq., Govern-
ment Chemist, for analysis of samples in the first year of the survey; by Drs.

. P. J. Greenway and B. Verdcourt and their staff at the East African Herbarium, for
identification of botanical specimens; by C. A. Waldron:Esq. of the Tanganyika
Department of Agriculture, for the field work in Pawaga; by the staff of the
Tanganyika Agriculture Corporation in Dar es Salaam and of the Agricultural Depari-
ment at stations in the Rufiji Basin, for supply of equipment and help in fthe field;
by District Officers a%t llbeya, lahenge and Utete, for ‘securing the co-aperation of
the local people; and by many others too numerous to mention. ‘ :
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THE USANGU PLAIN

IITRODUCTION

Usangu is an extensive alluvial plain in the Southern Highlands Province, lying
to the north of the Kipengere and Poroto Mountain rangss. Its position in relation
to the rest of the Rufiji Basin is shown in figure 1. Its altitude is about 3,500
feet above sea level,

This present reconnaissance soil survey covered about 1,500 square miles of the
plain. A further 200 square miles, approximately, in the west and north could not
be visited, owing to lack of time. The unsurveyed area in the west, between Utengule
and the Chunya escarpment, suffers from lack of permanent rivers. The Rail Link
Survey Report (1952) shows the soils to be generally similar to those just east of
Jvengule.  The unsurveyed area in the north, to the north-east of Ulanga, is largely,
1f not entirely, clay. These two unsurveyed areas are each of about 100 square
miles. :

Where possible the soils were studied in profile pits dug to a depth of 6 feet.
Sometimes auger borings were made in the bottom of a pit to extend the depth of soil
studied. These profile pits are indicated on the soil map by the prefix P., e.g.
P241,

Often there was not the labour or the time to dig a pit and it became necessary
%o take samples with the auger. Most of these auger borings were on the clay soils
of the northern part of the plain, where there is rarely any sudden change down the
rrofile, Information was chiefly required about possible alkalinity or salinity and
for this purpose auger sampling was adequate. Auger samples were usually of success-—
ive feet down to three feet depth but a few deeper bores were made. The sites of
these auger bores are indicated by the prefix letters, B; X, M, R, and U.

The map only shows those profile pits and auger bores which are referred to in
vhe text. Many other pits and auger holes were sampled and the samples have been
analysed, Typical examples have been selected for inclusion in the report.

“In 1957 a detailed survey of the proposed Mbarali Irrigation Scheme site was
nade. The detailed soil map produced has been reduced in scale (and inevitably sim-
plified) and incorporated in the 1:125,000 map., An unsimplified portion of the de-
tailed map is shown in fig. 2 fo demonstrate the complexity of the soil in this area.

PEYSICAL FEATURES OF THE USANGU PLAIN

t is believed (D. R. Grantham, 1952) that the drainage of the Usangu area was
originally southwest-wards towards the Nyasa-Rukwa trough. Tixis southerly drainage
was plocked, in Neogene times, by the eruption of the Rungwe volcanics, A lake then
Tormed on the site of the present Usangu plain. Eventually this lake found an out-
let to the north near the village of Utengule. (This is = different Utengule from
“he larger village of the same name in the western portion of the plain.) The Ruzha
2% the present day passes over a rock bar heres the consequent restriction of flow
is the cause of the vast swampy area in the nerth-east part of the plain. The over-
flow has developed into the present Great Ruaha River.

The Usangu plain is therefore an old lake~bed. In the northern part of the
»lain the great expanses of clay soils have probably developed on the original lake-
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bed denosits.

In-the southern part of the plaln the orlglngl lake dep051ts hawve been covered
by more recent alluvial fans laid down by the rivers draining the high land to the
scuth of the plain. Since this high land is an areaof considerable rainfall and .
the slopes are steep there has been much natural erosion and the alluvial fans are
extensive. To the north of the Usangu plain the -rainfall is smaller and the rellef
is low. There has therefore been only slight alluv1al~Fan formatlon.

To the east there is the hlgh ground of the Southern nghlands from Irlnga to
Njombe but the rainfall is low on the western side of this high ground There is a
considerable area of alluvial fan deposius but more of the soils are saline or alka-
line due to the intermittent flow of most of the streams. The Ndembera (Mwima)
river 1s the only one to reach the Ruazha throughout the year. The others cease %o
flow at the edge of the plain, or do not even reach so far, during the dry season.

Rivers B

The Mbarali is the largest river entering the plain, followe& by ‘the Ruaha,
Kimani, Ndembera and Chlmala, in that order. Details of their flow at different
times of the yearare given in the Hydrological section of this report. Up to the
point «at which they enter the plain they are descending steeply and are conualned in
narrow valleys. On reaching the »plain their gradient decreases abruptly-and there i:
therefore considerable deposxtlon of alluvial sediments. The rivers 511t up thelr
beds and perlod"cally break their banks and develop new courses. :

'In the case of the Mbarali particularly, many of these old channels are still
visible and some of them are shown on the soil map. From local tradition it scems
that for most of the last century the Mbarali flowed in the channel which cuts across
the north-east corner of the Mbarali Irrigotion Scheme. Towards the end of the
century it moved to the channel which forms the southern boundary of this schemec,
joining the Kimani and the Ruaha at the point where the "01d Ruaha" runs into the
present combined Mbarali-Kimani, Then about 25 years ago the lMbarali moved even
further west, into its present course, and took over the lower reaches of the Kimani.

The Kimani river continued for a time along the channcl marked on the map as
"Kimani river (old course)". An ill-concecived irrigation cut ncar Mgalo then pro-
vided it with an easier coursec. At present practically the whole dry scason flow of
the Kimani is lost by evaporation in a swamp between Nakambalala and Senyerz.

- The Ruaha escaped from its uld coursc at about the same time as the Kimani,
probably agein through an irrigation cut. Most of the Rusha's dry scason flow is
lost by evaporation from swamps. Somc water finds its way into the Itambo ond
Wenenyika rivers ond so into the Ikoji and thence to join the Mbarali. In late
kugust 1958 this flow through the Wanenyika had ccascd but a few cusecs were passing
via the Itambo.  All this water was from the Ruaha since the upper portion of the
Itambo was dry. IS g e

L™

GEOLOGY . . ° Tt mieagr T
The floor of the USangu'plain'ié-cohpoééd, s alfeady”dcscribed, of lacustrine

deposits overlaid by alluvial fans. Around Utengule (in the west) several low pllls

project through the alluvium to o height of 15 to 20 feet above the alluvial plaing
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Luhanga, Uhando and Soliwaya are examples of such hills. No exposures of unweather-
ed rock were seen in these hills but from the soil produced it is probably the same
28 that of the hills to the north of the plain, i.e. granitiec.

Information about the geology of the higher ground surrounding the plain can
be obtained from the Geological lMap in Volume VI of this report. The Tanganyika
Geological Department's "Chimala Quarter-degree sheet (71 SW)" gives a detailed
picture for the southern boundary of the plain between Chimala and Rujewa.

The Mbarali river catchment area lies mainly on porphyroblastic microcline
granite; with lesser arcas of migmatites and biotite muscovite gneiss. The granite
stretches eastwards and northwards round the edge of the plain up to the Ndembera
river in the north-east. The northern boundary, from the Ruaha westwards, is sim-
ilar. ¥

The Kimani and Rucha catchments are on rocks of the Bukoban System; +these are
nostly shales, with bands of dolomite aond quartzite and some leucogabbro. There is
also a small area of recent volcanic rock in the Ruaha catchment.

- The Chimala catchment includes o considerable area of recent volcanics, to-
gether with leucogabbro and granite. The granite forms the Chimala escarpment and
is considered to be of post-orogenic type of Proterozoic age and younger than the
microline granite to the ecast of Rujewa. T

North of the Ndembera river there are some metasediments belonging to the
TNdembera Series (Ndembera Volcanics).

CLTIATE

Although there is a high rainfall in the Kipengere ond Poroto Mountains the
Usangu Plain has a semi-arid climate, -

Mean dnnual rainfall

Rujewa . 22,75 (13 years)
Chimala 31. 60 - (19 years)
Madibira 22,72 . (22 years)

The rainfall probably diminishes towards the north-west (sce isohyetal maps in
the Hydrological section (Volume II part T ¥s The wet scason is from Dccember to
April, with little or no rain from June %a October.

Three years of temperature records nre available from the Rujewa Trial Farm.
A scrcen temperature of 96°F has been rcached on several occasions in October and.
Tcvember, The mean_of the daily maximum and minimum temperaturc averaged over a
month varicd from 66° %o TOOF. .

In the dry season skies are generally clear and the night temperature is low,
thgugh frosts arc unknown. The daily renge is usually 20° to 25DF but may reach
£40°F. At onc of the camp-sites in the ccntre of the plain. a2 thermometer in the open
in July registered 39°F (4°C) at sunrise. '
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During the dry scason strong easterly winds blow for most of the day, and -
often well into the night, and have a strong desiccating cffect on growing plants.
The winds arc particularly marked on the boundaries of the plain, at least in the
Chimala, Rujewa and Madibira districts. Necar the centre of the plain the winds
did not scem so strong though thers are no mecasurcments to confirm this, It is
likely thet the Usangu plain forms a convectional ccll, with heated air rising in
the centre and cold air flowing in from the mountains. '

Further information will be found in the Meteorological Appraisal in Section
3 of this Rufiji Basin rcport. -

SOILS

GENERAL DESCRIPTION

In drawing up a classification of soils for this survey it was necessary both
that the soil groups distinguished should be rccognisable on the aerial photos which
werce the basis of the survey and also that the groups should as far as possible be a
guide to the irrigation engineer and agriculturalist. ;

In the classification adopted the primary division is into Alluvial and Non-
alluvial soils, The alluvial soils are thcn sub-divided on their texture. This
produced rcasoncble-sized units for the sandier soils but left o large block of

~2lluvial clay which it was considered desirable to sub-divide further. Hore a con-
flict arose between the needs of the agriculturalist and thosc of the surveyor since
the properties of the clay which will probably prove of most importance to the agri-
culturalist could not always be recognised on the aerial photos, For rcasons ex-
plained below, when the clays arc described in detail, the clays were dividod into
five groups. Three of these indicate the intonsity of flooding, under prescnt con-
ditions, and a fourth is for alkaline clays, so far as thesc can be rccognised in
the vegetation. A fifth group includes some small arcas of clay with a very hard
surface, :

In places the pattern of the soils was oo complox for the different sextural
groups to be shown on the map scale of 1:125,000 (often it was too complex to be dis-
tinguished on the photos a2t a scale of 1:30,000) and it was neecessary to map such
areas ag complexes. Three complexes werc uscd, onc for predominently sandy soils,
one for predominantly heavy soils and a third where both sandy and heavy soils occ-
urred together. This last group will be diffioult for the irrigation cnginecer to
evaluate; it includes substantial proportions of both sandy soils and of clays but
it is impossible to indicate what is the proportion of caeh, valuable though this
information would be.

The non-clluvial soils have been shown in much less detail since most of them
are of no valuc for irrigation. The torm non-alluvial has been uscd in rather a
wide sonse and includes clays in minor wvalloys bordering the plain which are prob-
ably partly alluvial., But since they include 2 proportion of coarse sand which has
probably washed down from the noarby hill-sidcs and arc of little irrigation potcni-
ial anyway, it wos found convenient to include these with the non-alluvial soils.
The term "pediment catena", which is used in some parts of thc map, is briofly cox-
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plaincd in tﬁc detailed description of the "clays of the pediment catena! (page 33).

The sub-division of the non-alluvizl soils is on the basis of colour, texture,
proesence of cemented horizons,; cte., aftor cxamination of the whole profilc, or as -:
much of it 2s was practicable. St Co

-Finally there arc five groups of soils which have o composite structure in the
top two feet (the usual dopth to which suger borings werc made) and which could not
be fitted into any of the other soil groups. These soils 2ll consist of alluvium
which has been deposited over zlluvium of o markedly different toxture or over non—
alluvial material. Layers less than 6 inches in thickness were ignored, so these
soils have an upper layer betwecen 6 and zbout 20 inches in thickness over-lying the
lower layer, which cextonds to at least 24 inches below the surface.

The complete soil classification is given below.

SOIL 7 MAP SYMBOL
Alluvials .

- Sands, in ridges or banks

Sands, in scasonal water courses : ‘
Sandy loams, usually including patches of san

Loams- i ;

Recently doposited clays:

Older clays, not subject to prolonged flooding

Older clays subject to prolonged flooding and
trecless - N

Older clays, subject to flooding but carrying somg.
trees : o

Alkaline alluvial clays - Cs

Clzys hardening on drying - Ch
Sandy loams affceted by alkali , As
Soils formed from lzko~bed silts W

Alluvial complexcs, prcdominantly light-textured Xt

Alluvial complexcs, prcdominantly heavy-toxtured : Xh

Complex of light and heavy alluvial soils Xm
Soils with sodium carbonate - Q

AR E=Rnm

Hon-Alluvials

Red and brown soils of well dreincd sitces
Red and brown soils affected by olkali
Grey sandy soil, ill-drained,; of foothills
Comented sandy soils of low-lying ground
Clays of the pediment catena

Alkaline non-alluvial clays

Pele sands of gentle sloves

Barc rock and shallow stony soils

o'

Neugmomm
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SOIL ' MAP SYHBOL

Soil profilcs which arc compositc in the top
two fecet of the profilc:

Sandy loam overlying ccmented sandy soil (H) AH
Cloy overlying cemonted sandy soils (Hg CH
Clay overlying ccmentced sandy loam (As ' CAs
Recont clay overlying sandy loam XA

DETAILED DESCRIPTIONS OF THE SOILS

ALLUVIAL SAND IN RIDGES OR BANKS

-This. coarsc sand ocecurs, both im 1org, narrow strips and in widor shcets.. The
narroi strips arc old Tiver-beds which have sanded-up to the level of the surrounding
land, and oftcn higher. The sand shcets have beon deposited where a river has
broken its banks, or at least overflowcd them violently during a high flood. There
is an cxamplc of such a shcet in the north-cast corncr of the Mbarali Irrigation
Scheme;  the sand has come from nn old course of the lMbarali River which cuts across
this north-cast corncr. Similar sand sheots can be deposited by small rivers, such
as the Chimala, which in the dry scason losc themsclves in swamps and minor channcls
on rcaching the plain. When in flood thesc rivers discharge their bed-load of sand
in a delta where the ‘main chwnnﬁl of the river cnds.

The greater part of* the coarsc sand shown on the soil maps is probably of the
sanded-up rivcr-bed type. At the scoale of 13125,000 it was not possible to show all
the rccognizable sand strips, nor was therc time to map thom 211. As an cxample of
the complexity in part of the arca (not 2ll) a portion of the detailed soil map of
the Mbarali Scheme is reproduccd (fig. 2).

"It is surprising that thOSO sand strips often form ridges with their crestis
several feet above the adjoining plain. Onc of thosc sand ridges is shown in figure
3. The line of flogs runs across the ridge and indicoates its cross-scetion.  There
is, howeover, littlc doubt that thesc strips do follow the lincs of former rivers.

The cvidence iss-—

o) Their long winding courscs rcscmblc thosc of riwvers.

b) Pits dug in these ridges disclose water-worn gravel. '

c Two such strips were scen which were declarcd by the local pcople to have
been active rivers ten ycors »previously. Their statements arce supported by acrial
photogr phs takcn in 1948. In onc casc an cxisting sand strip coincidcd with the
main coursc of the Halali (or Kioga) River as appcaring on the photograph taken 11
years carlicr. ' :

This particular sand strip was only level with the land on cither side, not
standing zbove it, but it scoms unlikely thot the raisced sand ridges which occur
. 6lscwhere have a diffcercent origin. Possibly thesc other channels werce lined by
recds and tall gresscs which acted as bunds o rotain'thc sand in the chonnel.
Profile 220, described over the pago, is a typical cxample of these sand ridgos.
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Ubarali Irrigation Scheme.

2% nadorial Sandy alluvium.

0D0£ranhy An in-filled rivcer-bed; forming a ridge about onc foot above the
D surrounding plain.

Drainase Rapid.

_tfctation Thin scrub of Comniohora sp. cte.

"~ 15 cm. Dark browm loamy coarsc sand (10 YR 4/3, dry); Porous and sofi.

Grading intos-

15 = 35 cn. Brown loamy coarse sand (10 YR 4/3, dry). Less porous than above
and harder. Grading into:- :

35 - 90 cm., Brown coarse sand (10 YR 4/3, dry) with some gravel. Slightly
porous; soft. Diffusc wavy boundary.

30 - 260 em. (+) Pale brown grdvclly coarse sand (10 YR 6/3, dry approx. but speckled
with darker grains). Loose; single-grain structure but sll@htly
cemenicd with clay along old root channecls.

¢

".B, Examincd with auger below 120 cm. since sides of pit caved in.

I+t will be scen from table 12 that the lower horigzons of the profile are almost
irely coorse sand, with an appreciable amount (9.5 per ocnt) of gravel. The upper-
laycrs, dcposited when the channel was nearly filled, have an increased proportion
£ the fincr perticles. This is typical of thesc sand ridges, the surface often
caving the texture of a sandy loan. The level of calcium and availablc vhosphorus in
1¢c upper part of the profilc is quite good but potassium, organic matter and nitrogen
re low. :

Huts and cattle compounds are usually situatcd on thesc sand ridges because
1¢c soil is well-draincd and they are above flood level. Where the surface soil has -
tn appreciable amcunt of clay mixed with the sand; maize and groundnuts arc often grown.
IT therc is a rcasonably good rainfall in any particular yecar rcasonable yields are
3id to be obtained.

These sands bave of course, a very low casacity for rotalnlng water and they
re not suitable for 1rr1. ation.

The otker type of alluvial sand, the sandy shcet, is built up by deposits from
iccessive floods. - Since water over-flowing a rivcr-bank usually carries a lesscr p
*0on0rtion of coarsc pmarticles than that remaining in the chamnel; thesc shect deposits

:r2 usually somevhat fincr-textured than thc sand ridges.

Profile 243 (tzble 12) illustrates this. The soil is predominantly a fine

-nd with an apprccisblc amount of silt, at any rate in the horizons analysed. The
~orizon 127 to 160 cm. wasy however, a coarsc sand, and contained 38 pcr cent of
rovel, This particular strctch of sand is at Kibau, ncar Brandt Mission, and was
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probably deposited by the Chimala River. The gravelly coarsc sand horizon may once
have been in the bed of the river. : :

: These shcet sands arc usually shollower than the sands of infilled chenncls znd
rest on heavy zlluvial material; or the sandy horizons may altornate with somewhat
heavier horizons, such as the 102 to 187 cm. horizon of profilc 243, The cffcet of
these heavier horizons is to retain water in the profile. These sands arc often
used for rain-grown crops, particularly moize. The soil around profilc 243 was so
used., The general fortility of this soil, at any rate down to 2 depth of one mectre,
is quite good, though orgenic matter is low and with it the nitrogen.

Bolow onc metre depth profile 243 is affceted by alkelinity and some salinity.
The clay loam horizon below 160 cm. depth has o very high cxchangeable sodium level
(over half the total cations) and 21l plant roots stopped at a depth of about 150 om.
A similar, rather shallower, sand within the boundary of the Mbarali Scheme did not
show this alkalinity, which is probably thc exception rather than the rule.

These shecet sands have a somewhat undulating surface and although they arc often
not quitc so permcablc as the ridge sands they are not suited to furrow irrigation.
Sprinkler irrigation might bc morc successful, E

SANDS IN SEASONAL WATER COURSES

These sands occur as banks in the beds of scasonal watcr-courscs. Similaxr
banks of coursc appcar in permancnt rivers. Tho banks tend to move when water is
flowing and if thc thickness of sand is small the watcr may cxposc the underlying
material (ofton clay) between the banks of sand. Or, if the flow of watcr in the
channcl has diminished, clay may be deposited in low spots where deep pools form and
may here overlic sand. '

These sands arc of no valuc for irrigntion,

ALLUVIAL SANDY LOAMS

The alluvial sandy loams have been deposited on the banks of rivers during
floods. The material is depositcd from fairly fgst_flowing wnter so that the -
surface is offen semewhat uncven; patches of coarsc sand frequeontly occur within
arcas of sandy loam. Sincc succcessive floods vary in velocity the soil toxture
usually varice down the profilc, It isy; in fact; rorc for therc to be cven 2 feet
depth of sandy loam without somc intervening bards of alluvium with o heavier or o
lighter texturc. o

The soils were normnlly judged by their feel but subscquent anolysis has shown
that soils described as sendy loams usuclly possess 12 to 25 per ccent of clay.

Profilc 225 is described over the page a3 an cxamplce of thesce sondy loanms,
Analytical figurcs for this and two other profiles are given in toble 12,

—K-7829
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?ROFILE 225

Loc~tion Hbarali Irrigotion Schomey westcrn boundary.

’orent Moatcrial Alluvium,

Toporraphy - Very gentle undulations.
Droinage Probably somewhat impedcd by the clay horizons below

190 cm.; or by scasonal high water-table,

vegectation Opcen Acacia thornbush, Grass hcavily grazed.

5> - 15 cm, Grey-brown sandy loam (10 YR 5/2, dry). Weak
blocky to massive structurc; many poros.

15 - 30 cnm., Dark brown saﬁdy loam (10 YR 4/3, ary). Massive but
porous. .

20 - 60 cnm. Brown very sandy loam (10 YR 5/3, dry). 1With o fow

faint mottlos. Massive but porous.

60 - 88 cm. Pale brown gravelly coarsc sand (10 YR 6/3, dry).
With much brown mottling., Ilassivec, with a fow porcs.
Abrupt boundary.

38 - 190 cm. Vory dark grey loam (10 YR 3/1, dry) with common dark
rcddish-brown, dark grey and ycllowish-red mottlcs,
Mcdium blocky structurcs. Very hard when dry.
Grading intos-

190 - 300 cm. Very dark grey silty clay (10 YR 3/1, dry). Little
mottling at top but common dark brown and dark reddish-
brown mottles below 240 em,  Veory hard when dry.

N.B. The lowest horizon was cxamincd and sampled with the auger.
Profilc 225 has o sand horizon betwecen 60 and 88 cm. depth and rests on clay at
190 cm.

The sandy loams arc usually somewhat low in organic matter but generally have
adcquate amounts of calcium, phosphorus and potassium. They arc much uscd by the
local pcople for maize and cxccllent crops arc obtaincd without the usc of fortiliscr.

The soils arc in gencral morc permcable than is desired for irrigation but many
will be satisfactory, particularly if therc arc heavicr loyers in the subsoil. Some
tests werc carricd out on the Rujewa Trial Farm, using a central cylinder in which
vater was maintained at a depth of 3 inches and which was surrounded by a guard ring.
The soil was moist at the start of the tost (sce table 1).
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TABLE 1. Rates of infiltration for = sandy loam

Infiltration under 3 inch hoad of water (inchos

per hour)
Site 1 Site 2
let inch 3,0 1.0
2nd ¢ 2,0 1.0
3rd " 0.9 _ 0.7
4th " ' 1.3 0.6
1.6

S5th "

Somc channclling scems to have developed at Site 1 after the 3rd inch had enter-
ed but in gencral thc rates arc not cxcessive, Carc will be nceded in the laying

out of fields and canazls to avoid the very permcable sandy patches which occur in the
sandy loams, - '

In the Chimala arca therc is oftcn some salinity in the subsoils of sandy loams.
Profile 247 (Table 12) is an cxample.  Below 100 cm. depth the cxchangeable sodium
percontage rises o 65 por cont and ‘thero 4s some accumulotion of solublo salts,..
Satisfoactory meize crops arc obiaincd on This sitc under the natural raintall but

care will be nceded under irrigotion to prevent a risc of the snlt into the upper
part of the soil.

These salinc-alkaline sandy looms occur chicfly in thc arca lying botween the
Chimela and Ruaha rivers. In isolatod patches in the same arca quitc high concen—
trations of sodium carbonate occur in the soil. This is usually in alluvial loams,
but somctimes in sandy looms. Thesc patches are indieated on the map by the letter
Q and a fuller dcscription is given on page 28. No cvidence was scen of salts in
the Mbarali alluvium, but onc pit showed a slight risc in cxchangeouvle sodium below
120 cm. depth.

ALLUVIAL LOAMS

These soils develon in medium~toxtured alluvium dcpositcd from quicter flood

- waters than thosc which produce the sondy looms and sonds. As in the sondy loams
therc is considorable wvorintion in toxturc down the profile duc to diffcrcncas between
successive floods 2nd alszo, probably, to changes in the courscs of the rivers from
which the flood-water came. :

This voriation is shown.in profilc 242, dcscribed over,. in which only the too

35 em. can properly be doscribed as o loan. Analyticnal figures for profilc 242 and
for another loam profilc, J7, will bc found in table 125 S
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PROFILE 242
Location Brandt Mission.

Parent material Alluvium.

Topography Very gentle undulations.
Drainage Affected by high water-table (at 4 feet depth in late July)
Vegetation Cultivated for maize. Ridges about one foot high, four feet

apart. The pit was situated between two ridges.

0 - 35 cm. Dark brown loam (7.5 YR 4/2, moist) with common, fine, red-
brown mottles. Subangular blocky structure, slightly hard
when dry. Fairly porous at surface, diminishing with
depth. Clear, smooth boundary.

35 - 45 cm. Dark yellowish~brown sand (10 YR 4/4, moist). Single grain
structure, loose. Clear, wavy boundary.

45 - 55 cm. Dark brown loam (7.5 YR 4/2, moist) with common, fine, Ted-
. brown mottles. Weak, medium blocky: slightly porous.
Clear, wavy boundary.

55 -~ 75 cm, Dark yeliowish—brown coarse sand (10 YR 4/4, moist) with
common yellow-brown and very dark grey-brown fine mottles.
Hassive: very friable (moist).

75 - 110 cm. Dark grey-brown clayey coarse sand with many very dark grey-
brown and common yellow~brown fine mottles. Iliassive; very
friable (moist). -

Yater standing at 110 oms.

These loams are excecllent soils, with moderate amounts of organic matter (about
2 por cort, and a neutral to slightly acid rcaction. There is a high level of cal-
ciun, wnoincsium and available phosphorus. The two profiles analysed were free from
szlta er hormful amounts of exchangeable sodium,

Trose clluvial loams are probably the best all-round soils on the Usangu plain

satchcc of sondy loam or sands,.

in the zonc lying between the Chimala and Ruaha rivers there arc isolated pat-
ches ol sodium carbonate occurring in these loams, as in the sandy loams. Thesc
are deceribed on page o

3ECEIULY ITUOSITED ALILUVIAL CLAYS
3:_c~?t:in paris of the Uscngu plain the soil is a dark clay, with good struct-
ure. rointively cosy to work and without accumulation of olkali or salts. This
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contrasts w1th the hard, usually paler, clays Iound elsewhere, and described below a
"older alluvial clays".

The main occurrence of the younger clays is in the Mwima valleys; smaller pat-—
ches; not always distinguished on the map, are found clscwherc. It is not clear
why there should be more young clay in the Mwima valley than in the Mbarali valley,
for example. It is possible that the clay brought down by the Mbarali is spread
over a much wider arca than that brought down by the Myima, and so is very thin over
most of the deposition arca. It is also possible that the wcathering processes tha

convert the young clays into older clays arc less active in the Mwima valley so tha
tho clay retains its youthful properties longer. Only the uppcrmost foot or two of
a young clay profile have these desirable proncrtics. Below this the clay becomes
harder and palcr and may accumulate alkali or salis.

Both types of clay are deposited in quict flood water away from water coursecs.
The surfacc is therefore level and well-adapted to irrigation.

One profile is described belows analyscs of this and another profile, Ml4, arc
given in table 12:

PROFILE M20

Location About 6 miles WNW of Madibira.

Parcnt material Alluvium.

Topogravh Flat.,

Drainage Slow; floodecd in the wet scason.

Vegetation Grassland, burnt. | .

0 - 30 oml Black clay loam (10 YR 2/1, moist) at surfacc. Belows black

clay with many grey-brown and ycllowish-brown wottles.

30 - 60 cm, Dark grey clay (10 YR 4/1, moist) with common very dark grey and
dark brown mottles. Hard when dry. '

60 - 140 cm. - Grey clay (10 YR 5/1, moist). A fow mottlos in upper part; with-
out mottles but with concrectionary carbonatc below. Hard. Some
coarsc sand grains.

140 - 230 oms  Gzoy clay (10 IR 6/1, moist). A fow yellow-brown mottlos in uppor
’ part; bccoming morc frcquent with increasing depth. Carbonate
diminishing. ;

230 - 260 cm. Grey clay (10 YR 5/1, moist). Common, finec, brown mottlcs. Very
hard when dry.

i

NB., Samples taken with auger. This description is bascd on cxamination of the
auger somples.
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These clays are ncutral to slightly acid in roack%ion (pH 5% to 6) in the top—.
20il with about 2 per cent organic mattcer in the top foot. This orgonic matter
scems somevhat deficient in nitrogon in profile 1§20. Calcium and potasgium levels
irc good bu* phosphatc iz low.

In profile i120 the younger clay cnds at about 60 om. depth. Below this the

is greyor, with some concrctionary carbonatc. At 140 em. there is an accumul-
2 of szlis Jjust sufficiont to affcct susceontible Crops. Onc other deep profile
0% show any salts so they are not, perhups, widely sproad. Dctailed surveys

i
1d; of coursc, havc to be carried out before eny irrigation development starts
Es
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tney would show whcther therc is any salt problem. It docs not scem likely
taerc is any scrious problem.
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The chemiecal analyses of these younger clays do not reveal any differcnce bet-
ceen them znd the oldex clays. The younger clays do, however, scem to be more
casily workable and arc thercfore to be preferrcd for agricultural development.

CLTER ALLUVIAL CLAYS

The older alluvial clays occupy the greater part of the Usangu Pleain. The
clays have a considcrable range in propcrtices and nced to be sub-divided into
smaller and morc uniform units, I$ was nccessary, for a rccomnaissance sUTVey,
that the units be distinguishable on acrial photos.,

A uscful divisicn would have been intoz-—

(1) Clays shrinking greatly on drying and disintegrating into a slurry within a fow-
scconds of wetiing.

(2) Clays shrinking lecss on drying and absorbing water less rapidly on wotting, i.0,
at a "normal" rate. ¢ * ‘

Unfortunately +thesc two divisions of the older clays could not be distinguished
on tho acrial photos and there was no time to visit all parts of the »nlain on the
ground, to plot the boundary between the two divisions. Descriptions of cach typo
arc given below but for mapping purposcs a classification bascd on visible veget-
ation differcnces had to be followed. '

Fivc sub--groups of the older alluvial clays arc shown on the soil maps and three
of these arc based on differcnces in flooding during the wet scason. Flooding has
very great eficct cn trce growth and daifferences in the duration of flooding pro-

ce differcnces in density of the bush which show up clearly in thc photos. These
differcnces in duration of flocding are in general duc to slight differences in
ground lcvel and do nnt appear to have had much cffect on tho soil, cither its
appearance or its compositicn. If, therefore, complcte flood control is obtaincd
before development starts these distinctions will have little significance. If, on
“he other hond; only partial flood contrel is obtainecd at first, thec soil maps should
help in $he sclection of the more casily protected land.

Ee ]
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The five sub-groups arc listed below.,  Fuller descriptions arc given later.

(2) Clays usually above flood level (C)

Identificd by the prescnce of huts, cattloe compounds, barc ground duc to over-
stocking and by questioning the local inhaobitants. Bush is prescont on the clays of
type (25 (the "normal" clays) but usually abscnt from thosc of type (1) (rapidly
dispersible). : : -

(b) Clays subjcet 4o prolonged flooding and thorcfors trccless (Co)

 These carry grasslend without treccs or with Acacia scyal or Acacia pscudofistula
only. Somc of the casily dispersible eclays which arc included here wore said by the
local pcoplec only to be flooded by rain-watcr and only for a fow days at a timec.
The abscence of trccs from this type of clay may be duc to a very slow recovery from
anacerobic conditions after flooding or to o rccent change in the cxtent of flooding.
This point is discusscd latcr. . ' :

(¢) Clays floodod for short periods (Ct)

Trees arc present in considorablo numbers but not huts op cattle compounds.
Crass growth is vigorous and there is no bare ground, The clay is usually of tho
"normal" typc.

(d) Alkeline clays (Cs)

The definition adopted in thigz report of an alkalinc soil is that proposcd by
vhe U.S. Soil Salinity Laboratory,; viz. a soil in which tho cxchangecable sodium cx-
~cceds 15 per cent of the total cxchangeable cations, It was not possiblc to detor-
mine this for large numbcrs of samples and for the soil maps the dominance of Acacia
kirkii or A, stubhlmannii was takon as indieating alkalinity. This, in effcct,
limits this group to the clays of the "normal" type since the "dispersible” clays do
not support A. kirkii or 4. stuhlmannii whether alkaline or not.

(c) Clays hardoning on drying (Ch) |

These clays dry to large hard clods, without much sirinkage. . The clods do not
absorb water casily. Bush is prescnt but usually sparsc and the ground flors is
poor; often there is much barce ground.

. In the following dcscriptions of the five sub-groups only thc "normal clays are
described, The rapidly dispcersible clays arc dcalt with immcdiately afterwards;
although thoy arc divided botween the (a) and the (¢) sub-groups on the map there is
o considerablc uniformity amongst all the profilcs coxamined, so they have been des-
cribed in onc group.

DESCRIPTIONS OF THE OLDER ALLUVIAL CLAYS, EXCLUDING THE RAPIDLY DISPERSIBLE CLAYS

(a) Clays usually above flood lovel

Thosc arc soils containing 40 to 70 per cent of clay and often a considcrable
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~ount of sils. Clay loams, with 30 to 40 per cent of cloy, are included in this
Toup. )

e clays were fairly thoroughly studied on the Ilfbarali Irrigation Scheme and

wore dug, mostly to a depth of 2 metres but some to 3 or 3% metres. In no
ire tovtom of the alluvium reached. Outside this Irrigotion Scheme most of
z-minction and sampling was done with the auger. Wost of the auger borings

¥ 3 feot (1 netre) in depth, but o few were continued to 9% feet (3 metres),

Profile 226, described below, is typical of the clays of the libarali Irrigation
cihena,. Sardior strata occur in the clay of this profile and this is not uncommon
n the zlluvial fans in the southern part of the plain, Further out on the plain
:95¢ candier horizons arc not found.

s

&

tz

OFILE 226

ication Western boundary of Mbarali Irrigntion Schems.

~rent maoterial Alluvium.

opoaray Flat, with minor undulations;

ainago Slow. Site licble to short duration floods (?)

egetation Thin Acacia spirocarpa woodland; +tall herbs and grass.,

- 20 cﬁ. Light brownish-grey clay (10 YR 6/25 dry) with common reddish-

yellow fine mottles. Strong, coarse granular structure, with vis-
ible pores. Very hard consistence (dry). Clcar boundary.

J - 40 cm. Light brownish-grey clay with many yellow-rcd finc mottles. Strong'

thick platy to medium blocky structure. Pores and consistence as
above, Clear, wavy boundary. : :

> - 75 em, Pale brown clay (10 YR 6/3, dry) with many reddish-yellow fine
mottles. Hoderate, thick platy +to medium blocky structurc. *
Moderately porous. Very hard (dry). Clear, smooth boundary.

-

5 = 130 cm, Dark grey clay (10 YR 4/1, dry) with common strong brown staining

along roots. Strong, coarse subangular blocky structure. Fairly

conpactsy hord, Gradual boundary.

30 - 150 cm, Groy-brown clay loam {10 YR 5/2, dry) with staining zlong roots.
Massive and compact; hard. Gradual boundary. .

50 = 200 cm. Yellow-brown micaceous sand (10 YR 5/8, dry) with common pale brown
fine mottling. Hassive and compact; soft consistence (dry)

J0 = 230 em. | Pale brown sandy loam (10 YR 6/3, dry) with many sirong brown fine
mottles. ' T : .

0 - 305 cm. Grey clay (10 YR 6/1, dry) with many brownish-yellow fine mottles.
Darker below 275 cm.

X~T829
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.305 - 356 gm;-T:que'bfbwﬁ-miéacoous clay loam (10 YR 6/3, df&)'with many'quwnish-
v s T . grey and brownish-ycllow fine mottles, o h g

‘_350_5_365:§m;(+JUéry.dafk‘gﬁéy clay (10 W® 3/1, dry) with some Soarse sand grains
. ... end a few brown fine mottles. I - o

Note: The horizons below 200 cm, wére examined with the éugéf;

The pH value of these clays is 6 to 73, in the topsoil and T to 8 at grezter
depths (table 12, The organic matter is rather low, usually 1 to 2 per cent. In
profile 226 it is a 1ivtle higher (2.2 per cent). This was an area which hag only
been lightly grazed; in addition to there being more organic matter and perhaps
because of this fact, the structure of the surface soil was better (figs. 7T and 9),
In heavily grazed areas ncar villages and along the routes to tho river the organic
matter is lower angd the surfacc is more compact. Profile 223, with 1.7 per cent
organic matter, is an examplo (fig. 8 and 10 and table 12y,

. Available phosphorus is usually low in the topsoil, perhaps because of its re-
moval in the grass caten by the cattle and its accumulation in the manure in tho
catile compounds. : E 8, =R

Exchangeable calcium and potassium are 4n good supply. Exchangeable sodium is

often about 10 per cent of the total cations. This is below the limit of 15 per
cent adopied by the U.S. Soil Salinity Laboratory but even 10 ber cent, whon assoc-
iated with a high clay content; will produce sloyw drainage, Out of 47 profiles an-
alysed (half of thesc being on the Mbarali Irrigation Scheme) 12 had exchangeatle
sodium percentages of ovor 15 at some level in the soil (usually in the third foot).
In no case was the percentage over 24 in the upper 3 feet of the profile. . Table 2
gives exchangeable sodium figures for two typical profiles from the Irrigation Schene.

Table 2, Exchangoable sodium and clay percentage for two clay profiles:

P 221 P 223
Depth Sodium Clay Depth Sodium Clay
cm, ‘ % % Leme 4 _:_%

0 - 12 8 25 0 - 15 5 47
12 - 30 - - 15 «*50 , 12. -
30 - 60 11 29 50 - 100 7 60

" 60 - 90 i - = 100 - 150« -
90 - 165 24 39 150 - 190 12 © 60

165 - 195 10 30
In profile 221 the sodium is probably above 15 per cent for the 60 to 90 cm,
horizon since the pH is similar to that for tho 90 to 165 cm, "horizon (8.8 and 8.9
_rasp,). This soil may be too alkaline for alkali-susceptible Crops., In profile
223 the sodium is bolow 15 per cent at all levels but the heavy texture will moan slow
internal drainage.  Some other profiles, c.g. P226 and K7, have much lower sodium
percentages. ; , .

e

%
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Dr. E. C. Pereira has carried out percolation tests on undisturbed cores from
siz oley profiles within the Mbarali Irrigation Scheme. His conclusions were that
percolation rates, though low in places, were adequate for irrigation. Details of
these tests are given in Appendix 3. The six clay profiles are Pit V on the Rujewa
Trial Farm and the five pits on the Mbarali Irrigation Scheme.  Although some of
the latter soils were described at the time of sampling as loam or alkaline clay,
analysis has shown that they all fall within the group of Older Alluvial Clays. .

Orly one profile showed scrious amounts of salt, viz. a conductivity of the
saturation extract of 8 millimhos per cm. at a depth of 3 feet. However this pro~
file was in an mbuga north of lladibira and not on the plain proper.

Taken as a whole, therefore, these clays are suitable for irrigation and of
zood fertility. The heavy texture of some of them will make them difficult to
wrork end will necessitate careful control of water to prevent water-logging.  ihere
the subsoil is alkaline some crops arc unlikely to do well.

(v) Clays subject to nrolonged flooding and therefore treeless.

These soils are flooded for so much of the wet season that growth of most
species of tree is prevented. Thin stands of Acacia seyal, which is apwarently
tolerant of flooded conditions, sometimcs occur, also scattered individual A, spiro-
‘carpa and A. kirkii here and there. .

These soils are all heavy in texture, with 50 to 70 per cent of'clay. Sandy
strata do not occur. Profile U22, described below, is a t3plca1 ecxample; it is
from the west end of the plain; near Utengule
PRCFILE U22

Location Ugomutwa, north of Utcngule.

Parcnt material Alluvium. a ¥

Topography Plat.
Drainage Poor; 1liablec to flooding in wet seasour.
Vegetation Grassland, heavily grazed.
0 - 30 cm. " Very dark grey silty clay (10 YR 3/1?'moist) with faint brown
- staining along roots. Very hard when dry.
30 - 85 cm. Very dark grey-brown silty clay (10 1R 3/2, moist) with a few,
finc, brown mottles. Very hard when dry; slightly sticky when
Weto 30§ L . . .
85 - 120 cm, Dark grey-brown loam (10 YR 4/2, meisﬁ). Comnon dark yellow-brown

mottles., Somec black iron staining.

120 - 215 cm. Dark grey-brown clay loam (10 YR 4/2, moist). Otherwise as pre-
vious horizon. A little concrctionary carbonate.
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215 - 260 em.  Very dark groy-brown clay (10 YR 3/2, moist).  Common, fine, brown
and- dark grey mottles. A little concretionary carbonate.

1B, Samples takgn with auger. This description is based on ocxamination of the
auger samples.,

Analyses of this profile, togother with eight others (R7, B15, Ulo, U24, U8,
H15, J16 and Ul7) are given' in table 12. A view of the grass plains in which they
occur is shown in figurec 1il.

These clays arc in goneral similar to those in sub-group (a) just described.
The pH values arc 6 to 7 at the surface and 6 to 8% in the subsoil. There is not
usually any calcium carbonate in the top 3 feet of the profile though there may be
some at greater depths., i

Organic matter contents ranged from 1% to 3% per cent. This is rather better
than in the higher-lying clays and may be duc to the rest from grazing enjoycd by
these clays when they arc flooded. Available phosphorus isg usually low. :

Exchangeable calcium, magnesium and potassium are in good supply. ' Exchangeabl:
sodium is again often about 10 per cent of the total exchangeable cations. In 2 out
of tho 10 profiles analysed on cxchangeable sodium percentage of over 15 occurred in
the top 3 feet. In neither case did the value excecd 15 by very much.

Provided flooding can be provonted, these soils should behave very similarly

to the higher-lying clays of sub-group (a).

Percolation and watcr-storage measurcments have been made by Dr. Percira on onc
of these soils from ncar Utengule in the western part of the plain (Appendix 3, site
B). This soil had an exchangoable sodium perecentage of 8 in the topsoil, rising to
15 in the third foot (pH values 6.7 and 8.4 resp.). Tho corresponding "zilt and
clay" figures are 73.5 and 83.6 per cent. Small amounts of calcium carbtonate, less
than one per cent, were present in the second and third foot.:

(¢) Clays flooded for short periods.

These soils are liable to be flooded, but for shorter periods than the clays of
sub-group (b) so that growth of many spocics of troe is possible. Acacia spirocarpz

is probably the commonest spccics.

These clays arc agein very similar to tho clays of the higher ground sub-group
(2).  Analyscs of four profiles - R6, B1l8, Ul3 and M9 - arc given in thc tablecs.

Clay figurcs vary from 40 to 70 per coent. The pH is 5% to &% at the surface
and 6 to 8 in the subsoil. There is not usually any carbonate in the soil.

Exchangcable calcium, magnesium and potaésium are adequate. In onl}’_oml?ut
of nine profiles did the cxchangeable sodium cxceed 15 per cent of the total cations
and this was by only a slight amount in the third foot. No profiles had any soluble

salts,

-
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The analyses suggest that these clays arc slightly morc acid than thosc of tho

two previous sub-groups but this is probably an accidental effcet due to there being
only nine profiles of this sub=-group.

Dr. Poreira.has cxamined one soil from ncar Utengule (Appendix 1, site A).
This soil was very similar to that at site B. The pH was 6.1 in the top foot and 6.6
in the third. The latter figurc corresponded to an exchangeable sodium percentage of

14.

The behaviour of thesc clays under irrigation should bo very similar to that of
the first sub-group, assuming control of flooding.

(d) Alkaline alluvial clays.

As alrcady stated, alkaline soils are defined as those in which the exchangeable
sodium excceds 15 per cent of the total cxchangeable cations. As it was not possitle
to do large numbers of these determinations the presence of thick stands of Acacia
zirkii (sce figure 12) was taken as indicating alkalinity for the purposes of reconn-
aissance survey. The A. kirkii is not an infallible indicator of alkalinity but it is
elieved that it does cnablc the main arcas of alkaline soil %o be rccogniscd. - It
ust be understood that there will bo patches of alkaline soil not supporting A.
kirkil and also patches of non-alkalinc soil in arcas mapped as alkaline bocausc of
i kirkii, : -

Profile 249 is an example of an alkalinc s=oil under Acacia kirkii. Analytical
figures for this and threc other profiles are given in table 12.

+ROFILE 249

:0cation Half a mile SE of Luhanga, in westorn part of Usangu.

Parcnt material Alluvium,

‘onography Plat.
Nrainage Very poor. Said to be flooded about 6 inches deep for short periods

in the rains,

Vegetation Thick thornbush. Acacia kirkii, Commiphora Sp.s Delonix alata,
Acacia spirocarpa, grass. ‘

0 - 15 cm, Dark groy-brown clay (10 YR 4/2, moist) (10 YR 7/2 when dry).
Common reddish-brown finc moitles. Strong; coarse subangular
blocky.  Extremely hard consistence (dry). Some small black
iron concrections. Gradual boundary.

5 - 40 em. - Dark grey-brown clay (10 YR 4/2, moist) with a few yellowish-brown
fine mottles. Medium subangular blocky. Compact and cxtremely
hard., = Concretions as above. Gradual boundary.

+J = 90 cm, Brown clay (10 YR 5/3,‘moist) no mottles. ledium, subangular blccky.
Hard and very compact. Black iron concretions and white calcium
carbonate concrctions. Diffuse boundary.
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930 - 190 cm. Slmllar, cxccpt fine blocky snructure, inerecascd carbonate and dim-
inished iron concretions.

In the six alkall soil analyses the clay varied from 40 to 60 per cent. The
“ﬁ was 65 to 8% at the surface; rising to about 9 in the subsoil. Orgenic matter is
low, about one per cent. Availablc phosphate is higher than in the less alkaline
clays, perhaps becausc of a lower production of grass and so a -lower ratc of romoval
of prhosphorus by grazing cattlc.

Exchangeable calcium and magnesium is adcqaate, in total amount if not in
proportion to the sodium. Potassium is high.

Exchangeable sodium is always over 15 per cent in the sccond foot and below,
though there is often less in the top foot. Bl4, north of Msaka, is particularly
high in sodium, which is the predominant cation throughout the profile. = In nraofilc
249 the top 15 cms. (6 1nches) is unsaturated, with a pH of 6.4 and a sodium per-
centage of less than 10. At 40 cms. depth, however, it riscs to 27. The unsatur~
ated surface horizon suggests that natural lcaching is occurring. I

Small amounts of concretionary calecium carbonatec arc found in many of thasc
soils and it might be possible to reclaim these by leaching alone. The proccss will
be slow in these heavy soils. Other soils arc without calcium carbonate and would
need gypsum before lcaching. Small, but not serious, amounts of soluble salts occur
in some of the profiles analyscd,

These soils are not suitable for cropping in their present state and in vicw of
the large arcas of better soil available therc seems to be no point in attemktlng to
reclaim them,

(e) Alluvial clays hardening on drving.

- This class covers a small arca of clay soil at the eastorn cdge of the Usangu
plain. On drying, the clay forms very hard coarsc clods; there is not much shrinking
of the soil on drying.

Only two profiles have boon oxamined. Onc is described below and analytical
figures are given in the tables,

PROFTLE M17

Location West of Madibiras; about 2 miles NE of Mpongolo.

Parent material Alluvium,

Topography Level.
Drainago Poor. Liable to flooding in the wet soason.
Vegetation .Sparse grass and woody herbs (Blepharis sp., etc.) Scattered trees;

- Acacia spirocarpa, Baobab, otc.

0 -130 6m. | ' bey:dark grey‘clay (10 TR 3/1, moist) with somec coarsc sand grains,
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A few, faint, mottles. Very hard when dry, slightly sticky when wet.

30 - 60 cm.  Similar, but without mottles.
30 - 90 cm. Dark grey clay (10 YR 4/1,‘moist) with a few faint fine mottles. Hard
when dry, sticky when wet.

B. Sampled with auger.

The cxchangeable sodium is quite low and it is not clear why the soil should be -
30 hard, Probably the very low conteont of organic matter (1 per cent) is rosponsible.
Otherwise the soil is similar to the non-alkaline clays alrcady described.

The other profile was situated in the narrow belt of hard clay bordering the
slain teo the north of Ikoga. Here the hardncss is probably due to exchangeable
sodium, Sodium constituted 17 per cent of the cxchange complex in the top foot,
‘hough it was less at greater depths. In this soil there was an accumulation of
-oluble salts at a depth of 3 fect, The conductivity of a saturation cxtract was 9
millimhos per cm. The sodium and the salts in this soil probably originate from the

vaporation of water sceping down from the higher ground to the cast,

This sccond soil is unsuitable for cropping. The soil M17 should be satis-
"actory though with so little organic matter it would be difficult to work.

PAPIDLY DISFERSIBLE CLAYS

These soils have a high clay content - about 70 per cent of clay. They crack
7ldely on drying and break up into hard, small, angular clods. If thosc are placed
n water they crumble in a fow scconds 4o a slurry,

The colour of these clays, at lecast in the subsoil, is usually a neutral dark
rey, c.g. M. 3/0 in the Munsell systom. They are usually calecarcous in the subsoil
i.ce at a dopth of 2 to 3 fect) and often in the .topsoil also. One profile (MIS,'
:cc table 12) was strongly saline but other profilcs showed no serious salt accumul-
’t%on, at any rate in the top threc feot. Gilgai relief is frequently vresont (fig.
3).

The natural vegotation is short ﬁo medium grass. Trces are rare but Acacia
eyal or A. pscudofistula sometimes occur, cither spargcly scattered or in clumps,
acse trees scem to be very tolerant of badly acrated soils.

These clays arc found in the northern half of the Usangu plain and may rcpresent
1¢ original lakc-bed wscdiments without much addition of river alluvium since the dis-
prearance of the lake. The boundary between these rapidly dispersible clays and the
sre normal clays start ncar Mzawa on the wost side of the map (shcet 1).  Prom here
b runs slightly soutn of ocast to pass just south of Mwascmbes; it thon runs cast to
alcgee. It next follows tho Tbarali Eor Ruaha) river north and north-cast until a
nint iz reached approximatcly north-west of Udinde. PFrom there it runs south-cast
wougn Udinde to Mwagwalisi and thon oast along the northern cdge of soil As, past
spunga and up o the castern boundary of the plain. To the north of this line clays
arkcd a8 C or Co arc usually of this rapidly dispersiblo types 1o the south they are
> the normal- type., This boundary appcars on the Land Suitability maps as the line
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scparating the class 2 clays from thosc of class 4.

It ﬁas not possible in the time available to ponetrate far into the greaty
Uicngula swamp (northern part of sheeot 2). Round the odge the clay was of the rapid-
ly dispersible typc but in the contre it may be difforent. :

One sample of this rapidly dispersible clay has beern examined in the Rothamsted
Pedology Department. It was found (R. Greene-Kelly and A, Muir, private communicatior
“hat the clay mineral is a hydrated mica. The rapid dispersion is attributed to the
tigh percentage of clay particles and to their umusually small siszec,

Much of this clay in the eastern half of the Usangu plain is flooded every wet
scason., This is shown by thc appropriate symbol (Co) on the mnap, In the west there
aro large arcas around Ukwahori, Ipangu and Mwascmbe which arc not flooded; according
to the local inhabitants. There are a fow trocos on this, chicfly Acacia scyal, and
it has been marked C on the map. ;

There is a largo arca stretching northwards from Yala in which trcecs only occur
sparscly, chiefly in small clumps. In this arca therc are several villages in the
southern part and signs on the aerial phetos of abandoned scttloments in the north,
though the latter may only have been temporary dry scason camps of the grazicrs. Theo
people say this arca is not flooded from tho Tivers but that water lics on tho surface
for several days after rain. It is shown on the map as subject to prolonged flooding
(Co) since it scems probablc that the absence of trocs is due to the prolonged watcr-

. logged statc of the soil during the rains resulting from the very poor internal drain-

2ge. The villages arc situated on slight riscs or on the banks of the Mkohi and other
rivers which have cut deeply into the plain and provide local surface drainage. The
trece clumps aro probably also on small rises, somc of them apparcntly catilc compounds.

It is possible, however, that tais arca was formerly flooded from the !Mkohi river
and that the present absence of trces is only temporary. Until a few docades ago the
likohi River turned north at Uyaulc and, passing {0 the north of Ukwahor, madc a wide
swecp to the north of the vlain before Joining the Ruaha south of Utuya. Hany currcni
naps s8till show it following tiis course. This old coursc is full of meanders and tho
river may well have causcd oxtensive flooding in this part of the plain. Therc has
cervainly been a considerable thickening of the bush in places; e.g. about half-way
along the track from Udunguzi to Utuya, since the RAF acrial photography of 1948/43.

o

Sincc thore is this doubt as to the cause of the abscence of treces from so muck of
these rapidly dispersibdle clays, and since thore appcars to be little diffcreonce in thc
enalysces of the soil from diffcrent sites, the scveral profiles will be dealt with 23
onc group. A typical profile, U24 from ncar Mwascmbe, is described below. Analyacs
of this and four other profiles (U8, M15, J6, UlT) arc givon in table 12. Tho sitc of

profile J6 is shown in figure 13,
PROFILE U24

Location Half a milo cast of Mwasembe villago.

Parcent material Alluvium.

Topography Flat; slight gilgai relicf locally.
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Drainagg Poor,

Vegetation Grassland, with occasional small trees of Acacia seyal' and A. kirkii.
Thick A. seyal thicket occurs 200 yards to the north,

0 - 30 ems. Very dark grey clay (10 YR 3/1, moist). Strong, fine to medium blocky
structure. Cracks about 5 cm. wide. Very hard when dry, but peds
break down rapidly on wetting. Concrctionary carbonate present.

30-150 cms. Very dark grey clay (N 3/0, moist). Peds very hard whon dry but break
down rapidly on wetting. Iuch concretionary calcium carbonate.

150-215 cm. Similar, but colour 10 YR 3/1 (moist).

215-260 cm. Dark grey-brown clay (2.5 Y 4/1, moist). Very hard when dry. A little
concretionary carbonate. ; ’

IiB. Samples taken with auger. This description is based on examination of the auger
samples. -

Thesc soils contain 70 to 80 per cent of clay and ncgligible amounts of sand.
The pH is about 7 at the surface, rising to 7% or 8% at 3 foet depth. Calcarcous
concretions arc usually present, cither throughout the profile or only in the lower
horizons. Somec profilecs had no concrctions, at any rate in the top three fect.

Organic matter is low, usually between 1 and 2 per cent. Available phosphorus
is low. Exchangeable calcium is often very high and potassium is high. -

Exchangeable sodium tends to be higher than in the "normal" clays already des—
cribed. In 6 out of the 11 sites sampled the sodium exceeded 15 poer cent of the total
cxchangeable cations at some level in the too 3 feot. The highest value was 29 per
cent. Harmful amounts of salt occurrcd in M15 and at onc other site. In M15 the
conductivity of the saturation extract was 32 millimhos per cm., at the surface;
values above 4 arc considered harmful. : ‘

Reclamation of the alkaline ard saline soils of this group will be excecedingly -
diffieult, owing to the very heavy texturc and the conscquent slow percolation rate.
The humps and hollows (gilgai reclicf) which commonly occur in this soil (figure 13)
would have to be levelled off before irrigation could be installed, and they might well
re-ferm. The rapid absorption of watcr by the clods, and thcir subsecquent collapse,
night lead to constructional difficultics, These dispersible clays arc thercfore much
less attractive for irrigation than the more normal clays in tho southern part of the
»lain. . :

FNevertheless some crop plants will grow on thesc soils, at any rate on the less
alkaline oncs. Many of the villages have plots of maize and sorghum and the plants
row to a reasonablec sizc. Only the dry stubble was scen and yields arc not known.
<rowth of grass was densc and vigorous; cven on the more alkaline soils like J6, where
the land had not been overgrazed by catile. : ;

There therefore appcars to be a rcasonable chance that those soils could be uti-
lised for irrigated crops but much cxoerimental work will be nceded to prové their
~tility before any large-scalc development can be contemplated.
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SANDY ALLUVIAL SCOILS AFFECTED BY ALKALT

In the castern part of the Usangu plain there arc large areas of feirly sandy
alluvium with a high content of sodium and often soluble salts as well, The soil
is hard and cementlike in the dry scason and absorbs little of the available water
during the rains. The growth of grass and other herbaccous plants on these soils
is very poor and much bare ground occurs.

In the Madibira arca these soils are mostly fairly sandy but clay loams do
occur, The surface is slightly undulating, as is usual in coarse alluvium. On
the ridges the soil has o sandy loam texture (12 to 20 per cent clay) while the
heavier soils are found in the hollows. The hollows, which are 10 to 50 yards ac-
ross, probably hold pools of water during the rains, In the hollows a spiny herb
(Blepharis sp.) is often dominani; trces are absent. The ridges carry a thin

) scrubs Acacia kirkii, A. scnegnl, Commiphora sp., Candelabra Buphorbias, Boscia sp.

(? holtzii) werc noted. Profile 262, described below, was on the edge of a depro-

.ssion and renresents the heavier soils,

To the north of Isunura therc is another stretch of these soils but here the
surface is usually level and the soils scem more uniformly sandy. This levelling
may be the result of wind crosion since this arca is greatly overgrazed and trampled.
In the wet season the cattle are driven off the clay plains by the floods and arc ex-
cluded from thec better sandy soils sirce these are mostly under crop. They arc
therefore concentrated on =zo0ils such as these alkaline sandy soils at a time when
trampling will do most damage.’ The trecs in this arca are usually Cemmipheora sp.,
with Boscia and some A. kirkii., The profile J4 (fig. 15 and toble 12) is typical
of the s0il in the Isunura arca. '

PROFILE 262

Location . Threc miles west of Hadibira on footpath to Mpongolo.

Parent matcrial Alluvium,

Topography Flat; with undulations of a few inches in height.
Drainage Poor. Rain-watcer collecects in thc slight depressions.
Vegetation " Scrub on the slight risc (including Acacia kirkii, A. soncgal,

Comnmiphora sp., Euphorbia bilocularis and Boscia holtzii)s
Blepharis sp. and grass in the depressions (the pit was on the
~cdge of a depression).

0 - 15 cm. Dark groy s~ndy clay loem (10 YR 4/1, noist) with = fow dark

brown mottles. Weak subangular blocky structurc. Vory hard
whon dry; o few pores.

15 - 30 em. ' Dark groy-brown sandy clay loom (10 YR 4/2, moist) with o fow
d~rk brown nottlecs along roots. Compact and extremely hard
when dry; sticky whon wot.

30 - 160 cm. Groy-brovm clay loam (2.5 Y 5/2, moist). Moderately developed
finc subangular dlocky structurc. Compact and voery hard when
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dry; slightly stick whon wet.  Some carbonate concretions.

160 - 190 cn. Light brownish-groy cley (2.5 Y 6/2, moist) with meny yollowish- -
‘ brown cnd vory dark grey fine mottles. Compact and very hard whon
dry. Much carbonatc. :

190 - 225 cm, Light brownish-groy sandy clay (2.5 Y 6/2, moist) with many strong
brown mottles. Otherwisc as above. :

225 — 240 om. Light brownish-grey coarse sand (2.5 Y 6/2, moist). Slightly hard
: whon dry. . ,

N.B. Samples below 190 em. taken with the auger.

There is very littlc organic matter in thesc soils, due to the poor ground flora,
The +wo profiles P262 and J4 have one per cent in the topsoils other profiles had -
cimilar or lossor amounts. The availablc phosphorus is high, cxcept in the surface
soil. In the exchange complex sodium is the chief cation, forming 30 to 50 per cent
of tho total and ~iving pH valucs up to 9.6. There arc small amounts of carbonate in
the subsoil of most profilcs and often some soluble salt. These arc the result of
~4he low rainfall on the land to the cast and south-cast. The rain is sufficient %o
carry dissolved salts, including calcium, to thc foot of the slope but the strcams
dry up during thc dry scason.and much of the salt is left in the soils at tho foot of
the slopc. This is also the rcason for the high sodium content of the soils., Tho
soils arc unsuitable for cropping in their prescnt state. Reclanation, even if
possible, seems unjustifiable when thero is so much better land,

SOILS DERIVED FROM LAKEBED SILTS

At somc stage in the history of the Usangu plain small lakes formed and in these
o whitish silt was deposited. The chief occurrcnce discovercd was in the vicinity
of thc Songwe cattle market. This arca lics astride the Mbarali river (still kriowm
iocally as the Ruzha river although most of the water of the Ruaha now joins tho -
Mbarali much further downstrcam). The appearance of thesc silts is shown in fig. &
which shows the lower part of profile 241, botwcen 130 and 215 cm. below the surface.
This profilo was naturally cxposcd in the bank of the river. '

Along the river bank these silts have beon covercd by morc recontly deposited
river alluvium, In profile 241, right on the bank, the top 50 cms. consist of this
river alluvium. Half a milc or so from the river the silts appear at the surface,
giving a light groy powdery soii.

In profilc 241 the silt is about 150 cm. in thicknoss and lics on a dark groy
clay, typical of the alluvial clay in other parts of the plain, The other profiles
werc only cxamined to a depth of 3 feet ond the thickness of the silt was not deter-
mi‘neﬁ- !

Apert from the silts in the vicinity of the Songwe cattle market thore is a
patch of silt represented by profile R4, a fow miles north of Mahongolc, Herc the
silts arc exposcd on the surface. The limits of this patch werc not surveycd and
were not distinguishable on the aorial photos. It is likely that tho patch is small
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A’dcsdriptidn of profile 241 is given below. The upper 28 cm. of the Prefiléd..is
rivoer alluvium and the 1ayer from 28 to 50 cm. is probably a mixture of silt and
river ulluv1un.

TROPILE 241
Locotion In bank of Mbarali (Rucha) River by Songwe Cattle market.

Parent material River alluvium and lake-bed silts.

Tonography Level,

Drainoge : Subjcct to flooding but probably for short periods only.

Vegetation Open woodland, Acacia spirocarpa dominant. Good growth of grass
?1nclud1ng Rhodes grass) and herbs. i _

0-3 cm. Palc brown sond (10 YR 6/3, dry). Loose. Abrupt boundary. .

3 - 28 cm. Grey clay (10 YR 5/1, dry) VELH Goximon Brown fife mottles. Strong
fine blocky structure., Hard when dry. Abrupt boundary.

- 28 - 50 cnm. Grey-brown clay (10 YR 5/2, dry) with common, ycllowish brown fine

mottles. Strong, mcdium blocky. Very hard when dry.

50 - 85 cm. Palo brown sandy loam (10 YR 6/3, dry) with common, Yycllowish-brown
“fine mottles. Transition to:- »

85 - 112 cm. Palc brown sand. Massive and fairly compact. Friable when mdist.

Clear boundary.

112 - 208 em.  White fine sendy silt (10 YR 8/2, dry) (pelc brown when moist) with
: common strong brown fine mottles below 150 em. Massive at tops
thin platy bclow. Porous. FPriable at top (moist) becoming firm

below.

208 - 240 cm.(+) Dark grey clay (10 YR 4/1, dry and moist) with common light yellow-
ish-brown finc mottles. Strong mcdium blocky structurc, Compact

and vory hard.
¥B. The dry season level of the river is at 350 ems. approx. The profilc was
moist below 75 cn. ; SRS e ek

In profile 241 the soil is r‘*'n:c't:JJa:ima‘co1;); ncutral in reaction but in R4 {sce
taeble 12) and another to the north of profile 241 (analysou not included in the
tublOS), in both of which the silt is cxposcd at the surface, the pH was 8 or
higher and there was considerable sodium in the oxchange complex. In o fourth
profile, to the south of profile 241, the silt woae fairly high but was less than the
clay and the sodium was not cxccssive (about 12% of total cxchangoable cations).
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In the three profiles near the Mbarali river there is a rcasonable amount of
organic matter (1% to >6)s the %op 3 cms. of profile 241 is a rocent ovorwash of
sond and can be ignored. In the fourth profile, R4, the orgonic matter is cxtremely
low (0.6%@); there may have been some loss of topsoil by crosion at this site. The
2vailable phosphorus is high, as it usually is when there is much fine sand,

The two profiles with a pH of 8 or above (R4 and that to tho north of profile
241) both showed cxchangeable sodium pcreentages of over 15 at all levels in ihe
profile. At the other two sites it was loss than 15, There was no scrious accun-
ulation of soludlc szlis at any site. B

The more alkaline members of this group arc not suitable for cropping and should

bc cxcluded from any irrigetion scheme. The other +wo arc satisfactory. * A dotail=-
cd survey would be rcquired to detormine the cxtent of the unsuitable soil. '

~LLUVIAL COMPLEXES

Much of the alluvial fan of tho Mbarall river consists of a mosaic of alluvial
onds, sandy loams, looms and clays on too finc a scalec %o bc shown on the maps, or
0 be distinguished with any reasonablo rcliability on the aerial photos. The sane
5 truc of the fans of the Halali (Kioga) river and to a lesser oxtent of the other
ivers.. The map of a portion of the Mbarali Irrigation Schemo illustrates the com-

B M ocF

On those rccomnaissance naps three alluvial complexes have beeon distinguishods

= mainly light-texturcd alluviums: sonds; sandy loams and loams,
Xh = ma2inly heavy-texturcd alluviumy loams, clay loams and clays.
= including both light and hecavy alluviunm,

The soils of the light-tcxturcd group arc, meny of them, too sandy for irrigat-
lon. Capital cost per acre of irrigable land would thereforc bo high, If, howcver,
conals were to pass by or through onc of these arcas on their way -clsewhero it would
©c possible Yo develop a proportion of the soils of the conplex.

The soils of the heavy-texturcd complex arc suitablc for irrigation. The comple
cx including light and heavy soils should also be irrigable but a variable proportion

5

T the arca will be unusable,

S0ILS WITH SODIUN CARBONATE

These soils werc only scon in the southern projection of the Usangu plain which
“ics betweon the Chimala and Kimani rivers, The soils arc characteriscd by a white
ncrustation forming on the surface whon the soil drics. This encrusting material
ig impurc sodiun carbonate; it is callcd "magadi" by the loenl pcople,

The soils arc loams or sandy loams and lic ot or a little above normal flood

-¢vel.  This pesition favours a strong copillary risc of water from a water-table
~0% much below the surface. The continucd cvaporation of the ascending water leaves
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a concentration of sodium carbonate in the upper part of the soil,

These soils, if undisturbed, carry a thin grass cover. In many places the
grozing and tranpling of cattle have destroyed the grass and pulverised the soil o
o fine dust. Great clouds of this blow away when the wind is strong.

Five sites were cxamined and analysos of soils from two arc given in table 12,
In profilc 248 (a few yards to the cast of profile 247 at Utulo) the top 20 ecm. is
not particularly alkalincsy +the pH is 7.9 and the cxchangeable sodium is 14 per cent
of total cations, Below 20 cm., however, tho PH riscs rapidly to over 10 and tho
sodium to 82 per cent. There was some accumulation of salts below 80 cm. The
water-table stood at 125 cm, at the time of sampling (mid-August). The upper 20 cm.
of this profilc is not unsatisfactory but below this the soil becomes too alkaline
Tfor crops and the soil as a wholec is unsuitable.

At the other four sites; of which B17 is an example, the pH was 10 or higher at
the surface; the oxchangeable sodium was usually about 75 per ccent of the total
cations, Thesc soils are quitc unsuitable for Crops.

The tables show the presence of CaCO, in those soils. This is calculated from
the cvolution of CO, on acidification. %ho material is probably sodium carbonate
and not calcium carbonate.

Thesc magadi soils ocour in small patches in loams and sandy loams not affceted
by sodium carbonatoc. The symbol Q, by which they arc indicated on the map, is uscd
%o show the prescnce of scattercd patches of the soil in tho vicinity and is not
mcant to show the location of particular patches. It would probably bc vossible te
roclaim the soils by the application of gypsum. Leaching ~lone would not be suffic-—
ient becausc the soils have no rescrve of calcium to replace the sodium rcmoved.
However since they arc mostly rather sandy in texturc and lic on ridges they arc not
inportant to an irrigation schome. A particularly cxtcensive area of these soils is
shown in figurc 16.

NON-ALLUVIAL SOILS

The soil maps show 8 différont non-alluvial soils. Only onc of these, the
clay of the pediment catena, is at all suitable for irrigation and very littlc of
this clay lies in o suitable position for inclusion in an irrigation scheme covering
the Usangu plain, However, briof dcscriptions of the soils will show vhy the linit
of irrigable land has bcen dravm where it has,

1 Red and brown soils of well-droincd sites.

Thesc reddish sandy loanms, develop-wherever there is freo drainage within the
s0il and provided that the parcnt material is not a nurc sand, They are derived
from granite in the Madibira arca and fron Bascmont Complex schists and gncisscs
near Rujewa. The "pediment catona" in the Chimala arca and to the cast of the
Kimani rivor has a rcd or brown soil 2s its upper member (ncglocting barc rock) and
tho "stony soils (lithosols)" shown in the south between the Ruaha and Kinani rivers

~K-7829

SRR e Lo - e R m——— r gy



e

ire shallow reddish soils derived from sholes of the Bukoban system,

When of rcasonable depth and not damaged by crosion these arc soils of moderate
Fertility. Being on slopes, and usually on slopes dissccted by scasonal water-

‘channels, they arc not conveniontly situated for irrigation and are in any casc rather

sandier than is desirable.

No samples have been analyscd.

2 Alkaline recd ond brown soils.

Thesc arc found on the left bonk of the Mbarali below Rujewa. They avpecar to
1ave formcd as normal well-draincd reddish soils, and only later to have acquired the

>onsiderable amount of sodium nceessary to make them alkaline. Only onc profile was
ciamined.

"ROFILE 240

Location Mayota, about 100 yds. south of village.

>aront material Probably colluvium; derived from Bascment Complex gneissecs.

Il

Topograp, Lower slopc of pediment; slope about 14% to north.
Droinago Surface drainage good: | internal drainage poor,
Tcgetotion Thornbush, with Comniphora sp. and 4. kirkii, ectc. Huch barc ground

necar the village.

) -~ 20 cm, Brown sandy loem (7.5 YR 4/2, dry), strong, mcdium subanguler blocky
structurec. Foirly compact; hard,

20 - 50 cm. Brown sandy clzoy (10 YR 5/3, ary). Weak medium subangular biocky;
Compact; hard. Diffusc boundary.

50 - 100 cn. Brown sandy clay (7.5 YR 4/4, dry) with a fow faint palor mottles.
Massive and compact. Diffusc boundary.

100 - 185 em.(+) Reddish-brown sandy clay (5 YR 4/4, dry) with common foint, dhrker
i mottles, - Maesive and compnct, Carbonate concrections present.

The soil is uniform in texzturc throughout its depth, with 24 per cent of clay
nd 2 1ittle caleium carbonnic, Organic matter is very low. The 7H is 9 or higher
% 21l levels and the cexchangeoble sodium pereentage is obove 20 except at the sur-

face,  Therc are also scrious cmounts of soluble selts in all horizons cxcept the
mrface., o - : ;

3

The soil would be umsatisfactory without roclamation. It is 2lso topographic—
©11y unsuited to irrigation, being well above the leovel of the river and being badly
ffceted by erosion gullics. :
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3. QOrcy sandy soils of foothills

- The hills around Madibira, in the north-ocast corhﬁr of the plain, have steep
rocky upper slopcs and long, gently-sloping lower slopos (pcdiments). The upper
part of the pediment slopes, at the foot of the rocky slopc, is usually a red sandy

: loam and the lower part, fringing the plain, a grey sand.

Only one pit was dug on the groy sands (P 263). There were: 20 cm. of groy-
brown coarsc sand (10 YR 5/2, moist) overlying a wvory hard claycy coarse sand con—
taining quartsz and foldspar gravel. Bolow 80 cm. depth therc were brown mottles
and iron concroctions., :

The analyses (table 12) showed that tho surface horizon was ncutral in rcaction
but below 20 cm. the soil was strongly clkalinc. The alkaline horizons apncar
practically impervious to water. In the vicinity of this profilc therc wore scv-
eral scepage spots whero wator g¢raining from the hills is forced %o the surface.

"It is not known how well profilc 263 represents these gréy sandy soils. The
soils arc cultivated in a few places so at least sometimes in thesc soils there will

" be morc than. 20 cm, of fairly neutral sand above tho alkaline subsoil.

" Tho soils are not suiteble for irrigation owing to their sandy upper horizons
and to tho poor drainage and alkalino reaction below.

Sandy soils also occur in the southern part of the plain ncar Mporo and around
Mabadgga. They were not cxamined but those around HMabadaga scemed morc fortile
than the general run of theoso soils. Herc the sand may be old sandy alluvium,.

4. Cemented sandy soils of low-lying ground

Thesc soils occupy much the same position fringing the plain as the groy 'sandy
soils just described. The ccomented soils, however, arc hard right up to tho sur-
faco, at any ratc when dry., On the wholo, also, they arc on a lesser slope than
the non-cemented sands.

A doscription of onc profile (profile 246) is given below. Analyscs of this
and two other soils (M3 and M8) arc given in the tables., “a

PROFILE 246

Location Brandt Mission, about 500 yds. from the Chimala rivor,

Parent moterial Probably colluvium, dorived from gr&nité.

Topogrephy Lower cdge of picdnont slopc; slope about 1%.
Drainage Very poor internal drainage. .

Vegetation Open thorn scrub: Acacia spirocarpay Combrotum obovatum, cte.
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0 - 1C cm. Dark grey-brown loem (10 YR 4/2, moist) with common dark brown
mottles.. Weak, fine blocky structure. Compact and hard. Clear
boundary. :

10 - 30 cn. Dark grey-brown coarse sondy loam (10 YR 4/2, moist), no motiles.

Hossive, compact and oxtremely hord, A few iron concretions with
Iin0,. Merging into:-
=

30 - 100 cm. Grey-brown loem (10 YR 5/2, moist) with common yellow brown fine
nottles. * Many non-stoined quartz grains and some iron concretions,
with 1In0,. Massive, very hard and compact. Becoming sandier,
slightly less hard and with cclcium carbonate concretions bolow 60
cm,

100 - 130 cm.(+)Brown claycy coarse send (100 YR 5/3, moist), not mottled. Many
. iron and mangonese concretions and calcium corbonate concretions.
Massive and very compact; slightly hard when-dry, sticky when wet.

The soils so for cnalysed have about 20 mer cent of clay in thc surface horizon.
This increascs with increasing depth to 60 cm. or 100 cm. and then (in P246 at any
rate) it decrcases again. This probably indicates movement of clay and the format-
ion of 2 horizon of clay cnrichment. '

In profile 246 the exchangeable sodium is quite low in the top 60 em. and the
rceson for the hardness of the upper horizons is not clear. Probatly the clay,
boing mobile, fills the pores in the soil and cemonts together the sand particles.
Below 100 cm. (and probably below 60 cm,) the sodium is high and this would account
for the imperviousncss of the soil, Concretionary carbonate occurs below 60 cm.
depth., ' pen -

In M3 and M8 the exchangeable sodium is high throughout the profile and the
orgonic matter is very low. Both these profiles were on somewhat steceper ground
than P2€3 and ground which was dissected by shallow crosion channols. The ground
on which they have developed is probably an crosion surface rather than a colluvial
Ton, which the site of P263 more roscmbles. The vegetation ot sites M3 and I8 was
oper Commiphora bush, with sparse ground cover. The commiphorac will starnd drier
conditions than Acccia spirocarpa: the abscnce of the Acocin from M3 ond M8 points
to drier conditions than thosc prevailing near profile 246, where Acacia spirocarpa
was prosent. This aridity would cxplein the greater alkalinity of M3 and M8.

Two other soils, onc ncar Mayota on the Kimani and +he other ncar Mabadaga,
were similar to M3 and 18. The bush at these two sites includcs Commiphorac and
scocia kirkii but no A, spirocarpa.

Another soil, on a level site ncer Tkoga at the ecastern side of the plain; was
cztremely sandy, the top 9 inches of the profile having an cxchange capacity of only
i) mo./lOO g The cxchangeable sodium was 40 per cent of the total cotions in this
surface horizon and 68 per cent in the hoavier-texturcd subsoil.

The soils in this group arc obviously of varied origin but have in common a com-
pacty; hord consistence usually, if not alveys, duc to a high exchangecable sodium
figure, It will be noted that many of them arc acid in the upper part of the profile
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in spite of their high sodium. This suggests that they arc degraded alkali soils.
Those soils arc not suitable for irrigotion.

5. Clays of the pecdiment catena

The podiment catena in the Chimala-Kimani arca consists of red and brown well-
drzined soils on the upper slopes, somctimes grey siondier soiles on the lower sloves
cnd clays in the wvalleys. There is a strip of such clay at Mgalo on the Kimani
river which might be irrigoated within a scheme covering the soils of the plain but
nost of thesc clays are in small patches away from the plain and could not cosily bo
commanded.,

Only onc of thesc soils havo been coxamined, It is described below and analy-
tical figurcs arc given in the tablcs. It tends to be somewhat alkaline in the sub-
soil but should be quite satisfactory for irrigation.

PROFILE K8

Location Mgalo on cast bank of Kimani river; 3 milcs north of main road.

Parent material Alluv1um. | \

Topography Near foot of hillside; Slope about 1% per cen{.

Drainage Probably pooé.

Vegetation Acacia spirocarpa woodlang. Scattored small cultivated plots uscd
for finger millet. :

0 —'30 cm, Dark grey clay (10 YR 4/1); Somc iron-stained quartz sand grains.

30 - 60 cm., Grey clay (lQ YR 5/1) with & fow ycllow-brown mottles. Slightly

sticky when wet. A 1ittle concreticonary carbonatc.
N.B. Sempled with zcuger.

6. Alkalinc non-zalluvial clays

This soil occurs on the south bank of the Mbarali below Mayota and cxtends
southwards for an undetermincd distance, It is a clay and is classed as non-alluv-
izl becausc it occupics the slope bordering the plain but it is probably 2lluvium
deposited by somc scasonal river dralnlng the higher ground to tho south. This
river may have been the lMsimansi in 2 former coursec. ‘

The soil is too alkalince for cropping in its present state and is above the

general level of the plain so would be difficult to command. A description is
given below and analyscs will be found in table 12.
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PROFILE 239

Locztion On left bank of tho Mbarali river, 5 milcs below Mayota and 500 yds.
south of the river. Near the village of Kwangangala.

“orent meterial Probobly alluvium derived from Bascment Complex gneiss.

Tcoography Sloping about 1 per cont to south.

Drainage Flooded during rcins; Internal drainage very slo;.
Vegotation Grass and gell acacios (A; pscudofistula?)

0= 15 cﬁ. Dark groy clay (10 YR 4/1, moist). Strong, modium subangular

blocky structurc. Wide cracks, but clods compact and extromely
hard when dry. :

15 - 90 cm, Vory dark groy oiay (10 YR 3/1, moist) with a fow faint grey-brown
mottles between 15 cm. and 30 cm. only. Angular blocky below 30
cm, Otherwisc as above.

90 - 185 cm. Black clay (10 YR 2/15 moist) with a fow coarsc sand grains, Com-
pact and very firm (moist). -

T« Palc sonds of gentle slopes

These sands occupy the gently rising ground which forms the northorn boundary
of the Usangu plain. They also cover a fow low hills which project through the
clluvium in the western part of the plain. The soils arc derived from the under-
lying rock, which is probably granite. ' '

This group of sands includes profiles with a fairly wide range of properties.
Some are loosc sonds, similar to the "groy sandy soils of foothills" though thoy
differ in not being in association with red soils higher up the slope. Others arc
olkaline and cemented and would be bedter put with the "cemonied sandy soils of low-
lying ground". There was, however, no time for detailed mapping and they all had to
go into the one group.

The profile 250, described below, was from the low hill on which Iuvhanga village
stonds, It was ncar the hill-foot and the lower part of the profile is affeccted by
2 scasonal high water-table. The other profile was from the rising ground near
Ulenge on the northern boundary.

PROFILE 250

Location -~ = Iuhango, near Utcngulc, in western part of he Usangue plain.

crent material Probably granite or granitic gneiss.,

Zovography A low hill rising through the alluvium of the rlain.,

Ddrainage Inpeded in lower part of profile, pcrhaps beccausc of scasonal high
water~-table.
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Vogetation Thornbush, including Acacia spirocarpa, Commiphora 'sp., ctc., with grass
and hcrbs, . :

0 -~ 65 em., Dark brown coarsc sand (7.5 YR 4/4, moist) (Pinkish grey, 7.5 IR 6/2,
dry). Massive structurc, but soft (dry). Few visible pores.
Abrupt, wavy boundary.

65 - 170 cm.Brown coarsc sand (7.5 YR 5/4, moist).  Abundant white, black and
ycllowish-browvm mottlecs; many black iron concrciions. Portly ccment-
ed and very herd., IMassive and compact. Becoming less hard bolow
150 cm., probably beccausc moist.

The profile 250 is an acid lecached sand, poor in all nutricnts down to o denth

of 65 cm. Below this there is a concretionary zoncy, probebly representing o

scasonal watcer-table, in which lecaching is much lcss scverc. Below 150 cm, there

is a rise in cxchangecable sodium to 20 por cont of the total cations.

The soil U20, on the other hand, is necutral in rcaction and has retained a
foir amount of calcium and quite large amounts of phosphorus. Unfortunatcly it has
also accumulated harmful amounts of sodium and soluble salts. This soil was sirong—
ly ccmented, A third soil, U21, was strongly alkalinc throughout (uwH 9.2 to 9.8)
but was not affected by salts. '

The soil pattcrn in the viecinity of Utuyzs and Ulanga is complicated by severc
wind erosion around the sites of cxisting and former villagos. In thc worst arces
the sites of cattle compounds, whore the soil has been protected by the cattle dung,

- stand up as mounds several fcet above the surrounding sirctches of cxposed subsoil.

What 1ittlec cultivation therc is in thesc sands is confined 4o old cattle compound
sites where the soil has beon cnriched by the dung,

These pale sands are of no value for irrigntion.

SOIﬁ PROFILES WHICH ARE COMPOSITE IN THE TOP TY0O FEET

In a number of places the soil profilc consisted of a shallow layer of zlluv-
ium laid down over non-alluvial material or over another alluvial soil of quite
different tcxturc. This is actually quitc common, as the detailed soil map of the
Mbarali Irrigotion Scheme shows. Most of the occurronces, however, were small in
arca and could be omitted from the rcconncissance map at o scale of 1:125,000, A
few larger areas remained which were too large to be ignorcd and it was nccessary to
create 4 groups of compositc soils to cover thesc cascs, The groups arc:-

Sandy loam overlying cemented sandy soil

Clay overlying cemented sandy soil

Clay overlying ccmented sandy loams, i.c. the
sandy alluvial soils affccted by alkali.

Rocent alluvial clay overlying sandy loam.

Thesc compositc groupings worc only uscd if there was a change in .the soil in
the top 2 fect (60 cm.) of tho profile. Also, if the top layer was loss than 6
inches thick it was ignorcd and the soil classcd according to the underlying mator-
ial, In thesc composito profilcs, thercfore, there is from 6 to about 20 inches
of the upper member overlying the lowor mombor, Any changes below 2 fect depth in
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the profilc were ignored,

These soils are not very suitable for irrigated cropping. Wherce the upner -
leyor is frirly thick (say 18 to 20 inches) thoy could probably bc used with care.
Those consisting of alluvium overlying cemented material, which is slow draining,
wvould have to have the water applications enrofull controlled to avoid water-logging
in the ~lluvizl horizons. Thosc consisting of alluvial clay overlying alluvial

—sandy loam or sand will have o low water-holding capacity ond will nced applications -
of water morc often thon would 2 morc uniform profilc,

LAND CLASSIFICATION

The system adopted for the land classification mans presents the information
obizined by the survey relating Yo the velue of the land under irrigation. Thus
tilly land, too steoep to be cconomically irrigated, is placcd in %tho lowest cate-
zory (class 6) 2lthough some of it is capablc of giving satisfaoctory yiclds under the
2xisting rainfall, o '

In classifying the land it has been assumed that flood control has been achicved,
Z.c. that the rivers will be kept within their banks., The possibility of flooding
duc to the ponding of rain-watcr on impermeable soils has, however, been teken into
ccount since this will not be affected by control of the rivers.

All lend regarded as irrigable or possibly irrigablc (classcs 1 %o 5) is lowvel
°r nearly so and it is assumed that water can be supplicd by gravity from intakcs on
she river-banks, The distance of a particular picce of land from the hecad-works of
“he irrigation system is not considercd in evaluating the land since the positions of
‘e head-works arc not known. Somc land has minor undulations of two or thrce feet
in height; in such cases land has beon down-graded owing to the oxtra cxpense which
#ould be involved in supplying irrigation water. ’

The present occupation of the land has not been considored in cvaluating the
zoils, Nearly 21l the present cultivation is by African peosants. Some land is
ncld by Asians and Buropecans at Madibira, Rujewa and Chimela. = The total holdings
»f irrigebic land by Asians and Buropcans is belicved to be loss than 1,000 acres on
sac whole Usangu plain. The distance of land from the main road or from contros of
population is not considered in classifying its irrigability,

Six suitability closscs arc uscd. The first four arc considered suitable for
irrignation, the remaining two arc unsuitable or at lecast very doubtful.

dass 1, Exccllent irrigoble land.

Lend highly suiteble for irrigation farming, being capable of producing sust-
Aned high yields of a wide varicty of climatically cdapted crops. The soils are
-€eps; with a medium to heavy toxturc ond good water~holding capacity. Good soil
anagement can produce or maintain a soil structure and o fertility favourable to
slant growth. The land is topographically suited o irtigation. ,.

e
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Class 2. Good irrigablc land.

Land suiteble for irrigation but mcasurably lowor than Class 1 land in product-
ive capacity. The soil may be rather more sandy thon desirable, or have a lower
permcability. The class includcs clays which will be rather difficult to work and
soils with slight alkalinity or salinity. There may be a complex of soils of
diffoerent tcxtures, which will complicatc nnnagement, or slight undulations in the
surface; which will increasc the cost of instellation of an irrigation system.

Class 3. Fairly good irrigable lond,

Land §%ill suitoble for irrigotion but of lower suitability than Class 2 becausc
of groater deficicneics in soil, topography or drainage. The soil may be sandy, so
that water lesses will be high, or of rather low natural fertility, or with more
marked surface uncvenness thon soils of Class 2,  There may be drainage problems or,
in complcxes, considerable differcnees in permeobility between the differont soils of
the comploex,. Alkalinity or salinity may be more marked than in soils of Class 2.

Class 4, Land irrigablc under spccial conditions or for a limited range of crops.

This land could still be irrigatcd but, owing to deficioncics in scil, topography
or drainage still groater than those in Class 3, would only produce 2 limited range of
crops or would be cxpensive to bring under irrigation or would be difficult to manage
as arable land, Soils may be very sandy or very heavy in texturc; they may be
shallow or occur in small parccls amongst unsuitable soilsy the surface may be

markedly undulating.

Class 5. Undetermined suitability for irrigationl

Land at present unsuitable for arable cropping but which may prove to be reclaim-
able. Also land which cannot be rccommended on present informaticn but which a
detailed survey might show to be usable in part. Further studics arc nceded beforc
an economic asscssment of this land is possible.

Closs 6. Non-irrigable.

Lond permanently unsuitable for irrigated cropping. This includes sands, hill
lands; very shallow soils and land which, though vporhaps reelainable from salt or
alkeli, would not justify the coxpensc of such an operation.

It is re-cmphasiscd that in classifying the soils the proscnt floodlrg has not
been taken into account, it being assumed that the rivers will be controllcd by dams.
Also, the land has been classificd according to its suitability for irrigation. It
mey not be cconomically practicable to convey water from suitable storage sitos to all
soils rccordcd os suitable for irrigntion..

The soils of the Usangu Plain will now be considered individually, to indicate
which lond classification group thoy have been put into, and why.
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j§=~mrev= A7 ~73 SOILS _OF THE USANGU PLAIN

“..i. s, wis--2 banks ond woter-courscs (S and M)

Gy 1% riooosy

Clags~ £, oo pormecable and often stonding above the surrounding land.

iy 1e-ms (&)

Cre- 3 if in fﬂirly wide stretches. Their disadvantages are a rather high
_____ patches of sand often occur. Sandy loaoms in
: ;1:*jr usuo lly includc a considorablc provortion of snond and thesc have usually
-;+ :r class 63 in addition to the sand there arc usually tovographic difficult-
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Nar=nlly Class 1, A small arca stonding above the surrounding land was down-
rn .4 =g Closs 3 and loams with o high degree of alkalinity and alsc affected by

Eaveal =

trozior Wore put ir 01&83 6.

scertir dovosited clays (K)

Cl~ss 1. These soils have a good texture and fertility and favourable topo-
TOPRY . & '

“Macr elnys (€, Co, Ct) (excluding rapidly dispersible clays)

Cinss 2. Thesc soils have o poorer texturc than the rocently deposited clay und
* tendency towoards an alkeline subsoil.

_omidly d;:nﬂrsiblo clays

Cl=zs 4. The low class is due to the high clay content, the frequent cxistenco
£ 21izn1i in the subsoil, the wide cracking on drying and thc common prescncc of
gilgnl relief, .

Thoe bound-ry between these clays and the previous oncs is very prov151on“1. It
rould requirc o more deteiled survey to plot it azccurately. '

lkoline 2lluvial clays (Cs)

Class 5, Thesc clays require reclamation, the feasability of which is unknown.

123 hardering on drying (Ch)

Those belicved not to be affccted by alkeli arc in Class 25 those affccted by
ikall orc Clﬂss N ' .

3andy lozns affccted by alkali (As)

Sy cven if rcelaimed from the alknli, arc too sandy to be good irri-
nd are thereforc placed in Class 6.
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30ils formed from lakc-bod silts (W)

Two out of the four profilecs in this soil were alkalinc. The soil is thercforc
laced comparatively low in Class 3. Further survey is nccded to give a ?cttc?'
stimate of the cxtent of the alkali and might result in a regrading of this soil.

?
s
g

t1luvial complexcs, predominontly light—texturcd (Xt)

Where these complexes were mostly loams and sendy loams they were put in Class 3.
The presonce of undulations and patches of porous sand are the rcason for the low
grading., Whore the complex was mostly sandy loam and sand 1t was put in Class 4,
since only part of the arca will be suitable for irrigation. Where wind erosion
hod removed the topsoil it wos put in Class 5 since the possibilities of rostoring
such a soil arc not known. '

Alluvial complexes, wnredominantly hoavy-toxturcd (Xh)

Class 2. The loam itself is Class 1 but when in a complex with clay, in which
noreover, therc arc often slight differcnces in level betweon loam and clay, a lower
grading is called for.

Conplexes of light and hcavy alluvial soils (Xm)

Class 3. Somc of t1c components of the complex will be of o higher class but
the fact that they arc in a complex crcates difficultics. The sandy component is
often at an apprcciable height (2 or 3 foet) above the heavier componont.

Rod and brown soils of woll-drained sites (R)

Red and browm soils affected by alkali (Rb)

Grey sondy soils, ill-drnincd, of foothills (G) -

Ccnonted sandy soils of low-lying ground (H)

Alkaline non-alluvial cloys (D)

P~le_sands of gontle slopes (T)

Bare rock and shallow stony soils (2)

A1l thesc soils are Class 6. They arc unsuitable for irrigation on account of
topography, tcxture, ~lkali or shallowness.

Clays of the pediment catcna (Cp)

Class 2. These are usunlly quite good soils. Only = sncll arca is shown on
the so0il map but it is not apparcnt whether this could be incorporated in an irrig-
2tion schene for the plain. :

Sandy loan overlying cenmented sandy soil (AH)

Clay overlying cemented sandy soil (CH)
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Both thesc soils are Class 4. This low grading is becausc of the shallowness of
the =1lluvizl (upper) layer.

Jley ow-rlving ccmented sandy loam (CAs)

mre uscfulness of this soil will depond on the thickness of the upper (clay)
norizon. This could mot be determined for the whole areca on a reconnaissance survey
'S0 tho soil is Class D..

Recent clny overlying sandy loam (KA)

Thie is not quite so satisfactory as a deep clay so is Class 2.

In ~ddition, small arcas of irrigable land lying cnclosed in large arcas of land
of Class 5 or 6 have beon shown as the scme closs as the surrounding land, i.c. class
5 or 6. Such small areas could not be cconomically irrigated unless the surrounding
arcn wos clso irrigated.

ACREAGES OF IRRIGABLE LAND IN THE USANGU PLAIN

The following acrcage figures werc obtained by measuring the arcas of the six
201l suitability classes as shown on the Land Suitebility Map. The unsurveyed area
in the north has been assumed to be Class 4. Arcas shown in table 3 as Msuiteble
for irrigntion" include lond of Class 1 to 4. Arcas shown as "unsuitable for irrig-
a2tion” include land of Classes 5 and 6.

0

Table 3. Acreages of land of the diffcerent suitability classes in the Usaneu Plain.

Sheet 1. ‘Sheet 2. Hhole Plain

_ acres acres acres %,
Class 1 .6, 600 16,500 23,100 242
Class 2 2564200 33,700 289,900 27.6
Class 3 64,900 18,800 83,700 8.0
Class 4 172,500 116, 600 . 289,100. 275
Class 5 43,700 21,500 65,200 642
Class 6 124,700 174,700 299,400 28.5
Suitable for ' ' "
irrigation 500,200 185, 600 685, 800 " 65.3

Unsuitable for - T .
irrigation 168,400 196,200 364, 600 3447
Total 668, 600 381,800 1,050,400 100.0
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DEVELOPMENT OF IRRIGATION IN USANGU

A start has already been made in the 5,000 acre Mbarali Irrigation Schone. If
the woter available from the Mbarali permits it, this could be extended to the north-
west and also, to somc oxtent, within the re-cntrant angle in the prescont western
boundary of the schemc. There arc scveral thousand acros north of Itamba, in the
angle of the Mbarali where its course changes from west to north, but this area is a
present subject to deep flooding.

Thore is another arca favourable for irrigntion on the left bank of the Mbarali
in the vicinity of the villages of Ulongwa and Mwanyimba. This arca is bounded on
tho wost by the old course of the Ruaha and on the cast by the lMbarali River. =~ Its
southern boundary lics about a2 milec to the south-cost of the Kimani River. This
land is mostly fairly high but is subject to o certain amount of flooding. Pro-
tcetion could perhaps be obtained by bunding. '

Once the main rivers centering the plain arc controlled the main source of
flooding on the plain will have been removed and o vast arca of land will become
available for irrigation. This land is mostly clay, of class 2 suitabilidy. The
western boundary of tho main block of this land follows approximately the coursc of
the Chimala River from Chimala village to Giriki. It then runs north along the
castern cdge of the alkalinc clay (class 5) to the Itambo River and then north-cast
to Wanonyika. From Wanonyika the boundary follows the Great Rucha River for some
miles before turning onst-south-cast to pass ncar Udinde and Mwagwalisi. The
position of this boundary is marked on the Land Suitaobility Map as the junction bot-
woen the Class 2 and the Class 4 cloys. The castern boundary of this arca suitcble
for irrigation is approximately the course of the Kioga (Halali) River from Isunura

“to Mwagwalisi.

Within this arca there is a certain amount of unsuitable or low-grade land, in
particular from the Mbarali River ncar Ujcwa to Mahongole., Other unattractive arecas
are at Nyercgete, ncar the Kioga River and in the Kapunga, Utulo, Kilambo ond Matowo
arca between the Rucha and Kimani Rivers. :

Somc of tho land in sandy arcas cnd on the laoke-bed silts is subject to small
subsidences (fig. 18). Thosec subsidonces oceur in lines and scom %o follow the
courscs of buricd sand sirips. They causcd trouble on the line of the canal supply-
ing the Rujewa Trial Farm at the southern cnd of the Mbarali Irrigation Scheme.

They are cspecially prevalent just north of Ujowa Mission and near the Mbarali River
just north of Songwe cattle market.

The causc of these subsidences is not clear. It may be duc to an alteration
in the packing of the buried sand or, perhaps more likely, to the decoy of wood and
othor vegetable matter buried in the sand.

-

The line of such buricd sand strips is often marked by a line of trces and shows
on acrial photos looking rather like o string of beads. The "beads" arc the trees
and the thin linc joining thom renrcsents the line of subsidences and, probably,
rather bettor growth of gross and herbs whose roots can top woter stored in the
buricd sand.
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On shecot 2 of the Usangu map the only arca which can be rccommended at prosent
-8 the lwina (Ndembcra) flood plain. Until trinls show the contrary, the vast
strctch of clays in the Ruzha Swomp ond surrounding flood plain should be regorded os

? lower weluc for irrigation, ond not suitablo for any wide range of crops.

I+ rust be cmphasiscd that the arcas just mentioned as being favourable for
"rrigation schcmes core chosen on the basis of o reconnalssance survey only. Before

“orc is any dctailed planning of irrigotion projcets it will be nccessary to moke o
“etoiled soil survey. This will dclimit ~ccuratcly the boundarices of sand patches,
~1¥aline soils and other features which would influence the lay-out of an irrigation

- — s
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Fevil . THRE KILOMBERQ VALLEY

INTRODUCTION

The nome Kilombero Valley is uscd in this report to describe o long trough of
lond some of which is not strictly within the Kilombero catchment.  Tho rivers which
make up the Kilomboro ( the Mpanga, Ilinyera and Ruhuji arc tho most important) cnter
av the south-west end of the trough and continuc as the Kilombero for about 95 nilecs.
The Kilombero thon turns south-enst and leaves tho trough. For another 30 miles the
frough continues in a northerly dircction up the volley of the Msolwa River, o trib-
utary of the Kilombero.  All this could be properly described as the Kilombero
valley. North of the Msolwa Valloy therc is o low divide scparating the Kilombero
Valley proper from the Great Ruchn catchment. The last (most northorly) 10 nilcs of
the trough lies in the cotchment of the Great Rusha.

The total arca of soils shown on the acconpanying maps is 2,600 squarc miles.
This includes 330 s uare milcs incorporated from a soil survey made oy R. F. Loxton
in 1952 - 53, The remainder was surveyed by the writer in 1955, 1958 and 1959.
The acrial photography used by the writer had been flown ot various timos botwoen
1948 and 1957 and tho courscs of rivers shown on the maps arc in genercl thosc exist-
ing ot the time of the photogravhy. Somec changes have occurrced since then of which
the chief is a change in the coursc of the Furua just below Molinyi; it now flows
vhrough Kipingo and this has necessitated a re-alignnent of the roads in the vicinity,
This change occurrcd after the soil survey of this arca had beon done and there was
not time to revisc the arcas so the map shows the situation beforc tho change.

The valley is large and difficult of accessy particularly in the central arce
botween the Kilombero and Kihonzi rivers. In spitc of considerablo extrapolation
therc remains a large blank of nbout 375 squarc miles in the middle of the map which
i% would have bocn guosswork to fill., It is probable that this is similar to the
arcc immediately to the west. of the blank, i.c. mainly clay, much cut up by channcls
sonoc of which will contain sand, and with a fow sand-ridges formed by the Tilling-in
of channocls.

In the south-west smaller arcas of alluvial land bordering the Ilnyecra and
Puhuji rivers were also omitted, again through lock of timoc. Aport fron thesce gops
all the irrigeble lond in the Kilombero Valley is belicved to have been included. .

The gop in the soil map to the west of Msita is hilly and not suitable for irrigotion.

As for Usangu the soil map is based on vphoto-intcrpretation. From the rocds
traverses were made nlong footpaths, gome tracks ond somctimes in the Land-rover
across country. The alluvial soils produce o tall ond densc grouth of grass which
it is impossible to penetratc on foot ~t any recasonable spoed. Even when the grass
is burnt in Scptomber and October the grass stems arc noist cnough to rema2in as o
tangle of cancs which ore almost as difficult %o pass through. A Londrover will go
Yarough the grass ond with a local guide who knows whore channcls can be crosscd it
is often possible to drive for considerable distancces. Two such journcys made in the
course of the survey were from Sofi Majiji to the Kilomboro river and from Mpanga to
the Tecto mbuga. Nevertheless the foet romains that to get to parts of the velley
would require tecams to cut paths through the grass and cnnoes for river crossings.

Where possible 6 foot profile pits were dug +o cxamine the soil. Such pits arc
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shown on the map by a number prefixed by a P.  ihen labour was unobtainable or +ime
was short samples were taken with a 2 inch auger. Such sites are indicated on the

map by the prefixes M or L.

SIYSICAL FEATURES OF THE KILOMBERO VALLEY ' |

The Kilombero Velley; in the wide sense in vwhich this name is used in this
Teport, consists of a trough of land running roughly south-west to north-east. On
the north-west this trough is bounded by an escarpment which rises abruptly from the
200 or 9CO foot altitude of the valley floor to 4,000 or 5,000 feet at the edge of
the escarpment, :

On the south-east side the rise is less steep. Behind Iupiro, Iragua and Itete
the land rises fairly steeply to the Mahenge mountain block, about 3,500 feet above
sea-level, North-eastwards from Lupiro there is flattish country up to the Great
fuahe river; rorth of this river the country becomes somewhat more hilly. South
of Itete ard continuing round the western end of the valley trough, there is hilly
country rising steadily but not precinitously to the headwaters of the Ruhuji,
Yinyera and !ipanga rivers. :

These three rivers on combining form the Kilombero River (though some of the 1le¢
local people use the name "Hnyera" down to the confluence with the Kihanzi and
"Kilombers" afier this). The more important tributaries between Ifwema and Boma ya
Ulanga, where the river leaves our area, are the Furua on the ‘right bank and the -
Zihanzi, Ruipa, Lumemo and Msolwa on the lef%. These flow throughout the year
though in dry years the llsolwa may dry up before reaching the Kilombero. Other
‘ributaries, like the Luasesa, lchilipa and Luri, flow throughout the year in their
upper courses but lose themselves in swamps on the plain in the dry season,

The altitude of the valley floor is about 950 feet at Ifwema (fig. 19) and 820
feet at Ifalktara. A cross-section between Mgeta and Iragua, surveyed by the Rufiji
Basin Survey Team, showed a 5 mile fall on the Mgeta side at a gradient of 1 in 1,200
followed by a 17 mile level section and a 3 mile rise at 1 in 175 at the Iragua end.

A. 11, Telford (1928) published some Kilombero Valley sections including one
rurning south-east from Mgete and generally similar to that just described.  Another
of Telford's sections ran S.S.E. from the Narabunga river. This showed, starting
from the Narabunga end, 2 miles descent at 1 in 235, followed by 7 miles at 1 in
1,200.  There was then an eight mile level scction and finally a 5 mile rise at 1
in 800. Ir a third section, south from Ifakara, the central level section was only
cne mile wide; there was a rise of about 1 in 500 tc north and to south.

The central level portion of these sections is the flood plain of the Kilombero
River. The gentle rise on each side of the flood plain sppears to be the basal
rlane of erosion though nearly everywherc it is covered by alluvial deposits of the
tributary streams. The southern part of the Ifakara section is the least affected
oy Geposition and here the gradient is 1 in 490 over a distance of 6 miles.

The certral level portion of the valley is filled with a network of watercourses.
Towards Ifazrara this level portion narrows and becomes the mcander zone of the
-ilombero Eiver. The flatness of the valley and the meandering course of the river
sre due To & rock bar just below Boma ya Ulange. Below this bar the river flows
in a rarrow valley with no aporeciable devosition of alluvium.
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In the northern continuation of the valley from Ifskara the section up to the
Rusha River is mainly the valley of the Msolwa River. From the foot of the escarp-
ment the lMsolwa flows east to within about 27 miles of the Ruaha. It then turns

south.

In this southerly course the Msolwa flows as a small meandering river in a
chamnel cut in a flat valley between a quarter and half a mile wide. A% each side
of this valley there is a rise of 5 or 6 feet to a belt of sand which stands slightly
above the surrounding land like a raised levée., Everything seems 4o point to this
quarter-to half-mile wide valley being a former course of the Ruahsa. The small
Msolwa River could not produce so wide a channcl or deposit so much sand on the banks.
When the Ruaha River was flowing here the bed will have been coarse sand but in its
lower courses it is now a clay, presumably deposited since the Ruaha formed a new
course. Longitudinal depressions still remain where the deeper channels in the bed
have not yet been filled, In the upper reaches of the channel the sandy bed is not
yet completely coverecd and in places banks of sand still show above the clay.

Other, more recent, courses of the Ruaha run a 1ittlec to the south of the pres-
ent course and strips of sand obviously originating in the Ruaha run southwards rignt
up to the Msolwa River. It is remembered locally that in the early ycars of this
century the Ruaha overflowed its Dbanks and water flowed along some of these old
channels, The water is said to have returned to the Ruaha further downstream buv
the height of the divide betweon the Ruaha and Msolwa must be only a few feet above

the flood level of the Ruaha.

ugh of the "Kilombero

The present course of the Ruaha cuts right across the tro
the west

Valley", It emerges from a deep gorge cutting through the escarpment on
and enters a lesser one on the ecast side of the map.

The remaining part of the trough north of the Ruaha is the valley of the Msowero
uring the

This is a permanent river but the lsindazi, to the cast, dries up d
dry scason. The Luhembe River joins the Msowero ncar the north end of the trough
and appears to be the bigger river but the local pcople usc the name lsowero for the
combined river below the confluence. The Luhembe is very subject to flash floods
and deposits large amounts of sand in and near its course after leaving the hills %o
the north. Near Kidodi changes in the course of the river occur almost ycarly.

411 the rivers ontering the Kilombero Valley suffer a lessening of gradient as
they reach the plain and so %end to build up alluvial fans. These fans are vpartic-
ularly extensive on the south-cast side of the wvalley, pcrhaps becausc there has been

more destruction of the original forest cover on this side. The Ruhuji and Furua
rivers arc continually silting up their channcls and breaking out into ncw oncs. In
Magini and

1928, when Telford was studying the arca, the Ruhuji turncd cast at
joined the combined Mpanga and lnyera %o the north of Igawa, along the coursc now
used by the Furua. Numerous other old courscs of the Ruhuji can be nicked out on
the soil map. Betwcen them the Ruhuji and the Furua Rivers have strewn about 150
squarc miles of the plain with sand. The sand cover is not complete but the patchce
of better soil are so scattored and surrounded by sand that the wholc area has pro-

bably becn rondercd uscless for devolopment.

rving what forest still

The fate of this land emphasises thc nccessity of preose
Some of the forest

romains and of endeavouring to stop burning of the hill-sido.
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s now protected in forest reoserves but in other narts destruction still continues
(secc fig. 21) and is likely to lcad to further blankctting by sand of good alluvial

Tand.
DOLCGY

The Kilombero Valley lies largely within the Usagaran System of the Bascment
‘omplexz. In this region the Usaparan System consists chicfly of migmatitic biotite
gneiss and acid gramulites. There arc occasional dyke rocks such as dolorites and
1ica pegmatites., A geological map is given in volume VI,

On the north-west side of the valley Usagaran rocks constitute the cntire escarp-
1ent,” from Udagaji in the Kihanzi valley in the south-west to beyond Kidodi in the
worth. Usagaran rocks also form the hills at the south-western cnd of the valley
and those on the south-castern side at lcast as far as the Kivukoni-Lupiro-lahenge
road. It is fairly certain thet they also underlie the alluvium of the valley floor

igs far down as Ifakara.

_ To the cast of the Msolwa riwver therc is a belt of Karroo sandstone. J. Spence
11957) showed that to the north of XKidodi the Karroo cxtends up to the foot of the
:scarpment. E. G. Haldemenn (vrivatc communication) found Karroo sediments at Boma
ya Ulanga and considers that from the structural setiing and known cxposures the
Zarroo must be cxpected to extend up to the cscarpment for some distance to the south
>f Xidodi. $+ will be scen later (under the description of the "Pale Sands") that
much of thesc Pale sands lying botween the Msolwa river and the cscarpment on sheet 1
»f the soil map appears to be derived from Karroo scdiments. The distribution of
thesc sands suggests that the Karroo abuts on the cscarpment at lcast ac far south as
Signale, just north of Segemaganga. From here the boundary will run southwards
across the Xilombero, with Usagaran to the west and Karroo to the cast.

CLIIATE

The rainfall in the Kilombero Valley is dominated by the cscarpment along its
north-western side, and by the lishcnge mountain block to the south cast. There is a
high rainfall on this high ground and on the lower ground in the immediate vicinitys
but in the cenire of the valley, particularly where it is widest, the rain is much

lcss.

Thus at Kipingo, ncar Malinyi, thc anmual rainfall is about 40 inches. At
Ifakara and Igota, wherce the valley is constricted between the north-western coscarp-
ment and the lMahonge highlands, the rainfall is 48 and 50 inches respectively. . A
¥isawasawa, at the foot of the cscarpment, therc is an average of 71 inches of rain

a yecar.

From Igota southwards there is a rapid risc to 74 inches at Mahengo. To the
south of Mtimbira and Malinyi and to the west of lMpanga the rise is more gradual.
The rain falls mostly in the months December o April, Othecr months often have
occasional showers but this rain is erratic and varics greatly from ycar to year.

The valley lios at a low altitude (800 to 900 fect) and is far remcved from the

noderating influonce of the sea. In October to December high temperatures prevail
and screcn tcmperaturcs of over 100 F have several times been recorded. At Ifakara
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the mean of thg daily maximum and minimum temperaturc, averaged over a month, has
veried from 71 82°F. _

Purther information on the climate will be found in the Meteorological
Avpraisal of the basin - Paper 2 of scction 3 of this Rufiji Basin Report.

SOILS

GENERAL DESCRIDPTION

In considering the soils of the Kilombero Valley the arca is best divided

into three scctions:-

(i) The Xilombero Valley in the strict scnse, i.e. Mpanga to the mouth of
the lsolwa River.

(ii) The Usolwa Valley.
-(1ii) The Msowero and Luhembe ?alloys.

The first is much the largest area of the threc and occupies sheeis 2, 3 and
4 of the soil map and the southcrn-most portion of sheet 1. Clays cover the flood
plain and parts of thec bordering plancs of crosion described earlicr. Thesc clays
are somewhat wcathered since their rate of deposition is very low and weathering pro-
cesses have had timc to producc changes in the deposited material whilst it was still
near the surfacc. The low ratc of dcposition is a result of the small amount of sus-

vended matter in Kilombero flood water.

From a fow miles above Ifakara to Boma ya Ulanga the Kilombere flowvs in a
"meander zone". Here the river is constantly croding at somc points and depositing
complcxcs of sand or clay at othcrs. The soils of this zone have not becen mapped
since the land is uncven, subject to changes in the river and thercfore unsuitable
irrigation. An idca of the land can be obtained from the Ifakara-Kivukoni road.
There is a good proportion of clay but many sand strips and sand banks which could no<
be separatecd at the small 'scalc of the rcconnaissance soil maps.

-
= A

The rivers and stream cntering the valley have laid down alluvial fans on the
gentle slopes bordering the flood plain. The young alluvial soils in thesc fans
contain many littlc-weathcred mincrals and arc the most fortile soils in the valley.
The loams and clays arc very suitable for irrigation, provided flood control can be
obtaincd. The sandy loams will be rathcr wastcful of water and the sands arc altog-

ether too porous.

Thorc arc also large arcas of poorer sands in some of the alluvial fans,
particularly thosc on the south side of the wvalley. It scems likely that thosc sands
arc the rcsult of cxcessive soil crosion in the catchment arcas of the rivers which
have brought them down.  The catchment arcas to the south and south-west cf the
Kilombero Valley have been largely denuded of their original forest cover and it is it
tributatics on this sidc, from the Luri to thc Mnyora, which havc brought dowm the ‘

+5717

most sand. The catchments of the Mpanga and the rivers along the northern side still
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retain considorable arcas of forest and do not have the same cxtent of sand in their
=1luvial fans. BEven amongst the rivers along this northern side thosc which come
from forest rcscrves arc noticcably clecarcr than thosc from forost in which somo
clecaring takes place. '

Figurcs for thc sediment carricd by the rivors, given in the Hydrological
scotion of this report (Vol. II) show that the Furua carries the most scdiment per
unit volume of watcr, of all the Kilombero tributarics which havc been regularly
sampled;  the Ruhuji carrics the next largest amount. When the greater discharge
>f the Ruhuji is taken into consideration the Ruhuji is shown to bring down the
greater weight of sediment. The following figures arc for the ycar Nov. 1958 to
Jet. 1959:-

Ruhuji: 706,000 tons.
Furua : 456,000 tons.

In agrcement with these figures these two rivers, together with the Mnycra
which cannot be soparated from the Ruhuji, have the most cxtensive arcas of sand in
their alluvial fans. '

These sandy alluvial fans on the south-cast side of the vallcy arc a complex
of sand ridges with loam or clay in pockets botween the ridges. They werce often not
scnarable at the scale of thc maps and arc then shown as a compleXx (Gs).

On the north-west side of the valley the alluvial fans arc smaller but con-
tain a higher proportion of good soil. The fans do not cover the whole of the slopo
and non-alluvial soil derived from the underlying rock occur between successive fans.
This is particularly markcd betwcen the Ruipa and Lumcmo Rivers.

On the hills bordcring the valleys thore arc rcd, brown and grey soils formed
in situ. Thesc arc poor soils and anyway unsuited to irrigation. In valleys bet-
woon the hills and along the cdge of tho main valley at the foot of the hills there
arc sands and sandy clays formed on colluvial matcrial, i.c., which has bcen washed
down from thc higher ground. - These arc in general of low fertility but could often
be uscd for irrigatcd cropping.

In tho Msolwa Valley thore arc a number of small alluviel fans along the
foot of the cscarpment. There arc also somc fairly cxtensive arcas of alluvial
clay, particularly just south of the Ruaha and ncar thc mouth of the Msolwa.

The most widcsprcad soil in the lsolwa Vallecy is a clay with a rather sandy
and somecwhat undulating surfacc. This is of lower fertility than the normal alluvial
clays (without the sandy surface) and will bo morc difficult to irrigate on account
of the undulations.

On thc 1cft banl: of the Msolwa therc are poor sendy soils derived from
Karroo scdiments. There arc also cxtensive arcas of sand between the Msolwa and the
ecscarpment which are probably of thc same origin. Other patches of sand bordering -
the Msolwa on its west sidc arc probably old lcvées of & large river, probably the
Rusha, vhich oncc followed the present coursc of the Mesolwa. Thesc sands have bcen
woathcrcd in situ and arc of lower fertility than fresh alluvizl sand.

~K~-7629
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In the Msowero and Luhembe vallcys, north of the Great Ruaha River; the sand
formed from Karrco scdiments approachcs the escarpment and the alluvial arca is re-
duced in width. The alluvial soils arc mosily sandy loams, with a lesscr but still
considerable arca of loam and clay. ' '

The Kilombcro soil map incorporates an arca surveycd by R. F. Loxton. Some of
Loxton's soil groupings did not corrcspond with those adopted by the writer and it
was nccessary to includc these as additional groups in the list of soils.

The complete list of soils shown on the maps is given below. As in the Usangu
soil classification, there arc certain complcxes of alluvial and of non-alluvial
soils where the soil pattorn was too complicated to show on the final maps or to be
mapped in the available time. Therc arc also 5 soils with a compositc profile wherc
a shallow layer of alluvium overlics alluvium of a differcnt texture or eclse non-

‘alluvial material.

SOILS | _  MAP SYNBOL
Alluvial

Sands, in ridges or banks S
Sands, in scasonal watcr courses M
Sandy loams, usually including patchcs of sand A
Loams _ ) : 3B
Rocently deposited clays, subjcct to scasonal flooding K
Recently deposited clays, above present flood level K
Clays affccted by weathering sincc dcposition C
Clays with partial overlay of sand Cn
Complex of clay and sand ridges | ' Cs
Alluvial comploxes, predominantly light-texztured ' - X%
Alluvial complexzes, precdominantly heavy-fezturcd Xh
Complex of light and hcavy alluvial soils Xm

Non-Alluvial

Red and brown soils of well-draincd sites

Grey sandy soils, ill-drained, of foothills
Low-lying sandy soils, scasonally floodcd

Pale sands, devcloped from underlying scdimcnts
Palc sands, with permancnt water-table

Other palec sands

Sandy clays of cncloscd basins (mbugas)

Grey sandy clays on sloping ground

Groy sand with clay subsoil, on sloping ground
Baroc rock and shallow stony soils

Comple: of palc sand (P) and low-lying sand (L)

Hd g R =0
eaggni gsglt*cn

+ L

Soil zrouvings uscd by Lozton which do not fit oxactly into above scheme

Flood flow

Ferruginous sands
Ground-watcr forcst soils
Shallow alluvial soils

= o s
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201l Trofiloz wiich arc compositc in thc top two foct of the profile

ardy lo-m ovorlying clay AC

_ondy locs overiying sand AS
Reccrt clay overlying alluvial sand XS

seent clzy overlying low-lying sand KL

iay ovirlying sandy loam CA and KA

DETAILED DESCRIDPTIONS OF THE SOILS

AIIUVIAL SATDS I RIDGES OR BANKS
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The sands occur chicfly where a river lcaves &

level plain.

River after it has left t
starts 4o mcandcr on the plain.
¥ilombero Valley where the

lcave the hills (sheets 2 and 4).

. T T

onéd of Tl

Profilc

figurcs arc given in table 13.

rds

-
L

arc found in long narrow strips and in wider shcets and their form-
imilar sands of Usangu. The
often above the level of
flood watcrs breaking

+o be cxactly analagous to that of the s
~rc old rivers which have filled with sand,
ng land. The shcets or banks werc deposited by
river chammel. :

a narrow valley and rcaches the

There arc, for cxamplc, large strctches of sand bordering the Ruaha

he gorge to the west of the main road (sheet 1) where it
Othcer stretches of sand arc 4o be scen at the upper
Kihanzi, HMpanga, Mnycra, Ruhuji and Furua rivers

177, described below, is an cxamplc of sand on a ridge. Analytical
Figurcs arc also given for profile L13 which was

talten in a strotch of sand near the Ruaha.

PROFILE 177

Location

Paront material

Itctc, on track to Ipcra.

Alluvium.

Topography
Drainage

Vezctation
0 - 30 cm.

~X~7829

Alluvial fan of lMchilipa river: level.

Rapid. Sitc not subjoct to flooding.

Tall grass (Hyparrhenia, cte.) and shrubs, sccondary %o cultivation.
Probably originally Acacia campylacantha forcst.

Very derk greoy-brown sandy loam (10 YR 3/2, dry). Fine sub-angular

blocky structurc.

Reddish-brown loamy coarsc sand (5 YR 4/35 dry) with common fine
orange mottling.  Woak, medium subangular blocky structurec.

Fairly compact.
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55 - 230 em. Brown river sand and gravel. Quartz, fcldspar, mica and iron concret—
ions (to 10 mm. across) with Mn02. Becoming somewhat finer below
130 en.

This profilc shows the typical decrcasc in gravel and coarse sand from tho
bottom of the profilc upwards, and an accomnanying incrcasc in clay. The 55 to 130
cm. horizon contained 44 per ecent of gravel, the topsoil only 0.8 per ccnt. The
clay rosc from 1.4 per cent of the whole material in the lower horizon (allouing for
the 44 per cent of gravel) to 18 per coent in the topsoil.

Profile L13 is exscntially a fine sand. This profile shows a similar inercasc
in clay in the topsoil but this is not = typical feature of the sheot sands.

Organic matter is higher in general in the sands of the Kilombeoro than in thosc
from Usangu and usually lics betwcen 2 and 3 por cont. Profile 177 is strongly ccid
in its upper horizons but throc other soils analyscd, including L13, worc only slight-
ly acid, Availablc phosphorus is high. In thesc soils of the Kilomboro Valley, and
in othor parts of the Rufiji Basin, a high availablc phosphorus figurc is usually
associated with a large finc sand fraction in tlc soil. Presumably the phosphato-
containing mineral is of finc sand dimcnsions. The exchangeablo calecium, magnesium
and potassium levels arc rcasonably good, cxcept for the lower horizons of profilc 177.

In spitc of a rcasonable fertility thosc soils arc not suitable for furrow irri-
gation owing to their coarsc texturc and consequent rapid drainage. Overhcad
irrigation would probably give better results, '

SANDS IN SEASONAL VATER-COURSES

In the Kilombero Valley thesc sands arc found chicfly in abandoned river-beds,
which probably fill with water in the wet scason but may not carry flowing wetcr.
They oceur, for cxzample, in scveral former coursce of the Ruhuji River, north of
Magini.

These soils arc not suitable for irrigation.

ALLUVIAL SANDY LOANS

The sandy loams occur ciiensively along the foot of the escarpment which bounds
the Kilombero Valley on the north-west, and particularly in the numorous small
alluvial fans formed by rivers draining the cscarpmont. The soil is widesprcad, also
at the upper cnd of the valley wherc tho Kihanzi, lipanga linycre and Rubuji wivers.
enter the plain.

Likc the sandy loams of Usangu this soil is very variable in toxture and arcas
shown on the map as sandy loams include much sand and loam. In any sandy loam
profilc, i.c. wherc the topsoil is a sandy loam, horizons of sand or loam arc liablc
to occur in the subsoil, though probably less often than in Usangu.

Onc profilec is described over the page. Analyses of this and two others are

given in the tables, L15 is situated at the north cnd of shecet 1 and 119 in the
uppeér Kihongl Valley on shecet 2.
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PROFILE 255

Location

Parent material

Topograph;

Drainage

Vegetation
0 - 10 cﬁ.
1D = 25Ioﬁ.
BB o 0 cﬁ.

70 = 95 cm.

95 - 200 cm.

One- milc cast of Kibecrege.

Alluvium.

Alluvial fan of Kibercge river; ground slightly undulating;

slopc 1 per cent.

Frce within profilc but affected by 2 scasonal high water-table.

Deciduous woodland. Trocs include: Sclerocarya caffra, Vitex
doniana, Ficus sp., Acacia campylacantha, mango.

in dry scason.

Very dark grey finc sandy 1oém (10 1R 3/1, moist) with common,

brown finc mottles. Tcak, finc subangular blocky structurc.

Porous.
Vory dark grey sandy loam (10 YR 3/1, moist) with somc gravol.
Common, dark brown fine mottles.
Porous. Mcrging into:-

]

Grass burnt

Massive: slightly hard (dry)

Dark brown micaccous sandy loam (7.5 YR 4/2, moist) with common

dark grey finc mottles. Massive and slightly hard.

Clcar boundary.

Dark brown miceccous loezm (7.5 YR 4/2, moist) with many dark
grey finc mottles.  Otherwisc as above.

Dark grey micaccous loamy sand (10 YR 4/19 moist) with many
dark groy brown finc moitles and, below 120 cm., common reddi
brown mottlos. Massive but friable (moist). A fow poros.
Somc black iron and mangancsc staining below 120 cm.

Hater tablec at 215 cnm.

The sandy loams arc soils with 12 to 25 per ce

a clay porccntage outside this range arc likely %o occur in thc »rofilec.
t on thc acid side of noutral (pH 6 to 7) but occasional soils much

The lcwvel

is usually Jjus
he carbon/nitrogo:

more acid than this occur.
of organic mattcr is usually quitc good - 2 to 5 per cent.

nt of clay, though horizons
The

Soil M%,. with a pH of 4.8, is an czample.

Porous.

Sh=

e

[

SCL

ratio is gencrally higher than in the Usangu soils, indicating that the organic
P

matter is rclatively poor in nitrogon.
best roesults, particularly after

Witrogen fertiliscrs may be nceded fo

o few ycars of cropning. On most sites the

availablc phosphorus is good, but occasional low valucs have beon found.

Exchangeable calcium and magnesiun
Potassium is usually adcquate though it was low in o

nc soil.,

sodiun or of solublc salts have been found.

arc in good sun»ply, oxcept in the soil MJ.
No harmful levels of

Those sandy loams arc of good fertility, with an occasional cxception, and arc
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well-drained. They arc suitable for irrigation though the somewvhot undulating
surfacc ofton prescnt in alluvial fans may comnllceto the irrigoation layout. The
watches of sand which occur within the sandy loams will also crcate difficulties.

LLIUVIAL LOAMS

These soils arc commoncst in the samc »arts of the wvalley as the a2lluviael sandy
loams and arc frequcntly intorringlod with them,  Thus arcas nopped as sandy loans
include somc loans and thosc mapncd as loams include some sandy loams. Again, 25 in
the alluvial loams of Usangu, it is rarc to find a soil which has a loam texturc

throughout thc profile. Profile 257, described below, is o loam down to 35 cm. and
2 sandy loam or sand beclow this. BN

Analytical figurcs for 3 loam profiles, including profilc 257, arc given in %able
13. Profilc 257 is illustrated in figures 23 and 25.

PROFILE 257
Location Mkula (sheot 1), & mile cast of road.

Parcnt material Alluvium,

Topography Alluvial fan of Mkule river. Ground slightly undulating, slope
2bout 2 per cent. .

Drzinage Well-drained. Occasionally flooded in wot years.

Vegetation Tall grass with scrub., Trces include Kigelia acthiopica; Acaciz sp.

and mangoes. The grass is burnt annually.

0 - 15 cm. Black loan (10 YR 2/1== noist) with slight brown staining along rcois.
Weak, mediunm subangular blocky ctructure. Hard when drys a few
visible porcs. Clcar boundary.

15 - 35 cm. Vory dark grey-brown loan (10 YR 3/2, moist) with common reddish-
brown finc mottlcs. Otherwise as above. Gradual boundary.

35 - 70 cm. Brown sandy loam (10 YR 4/3, moist) with common, rcddish-brown fine
nottles. Structurc as above, but not so hard. Clcar boundary.

70 - 82 cm. Dark ycllow-brown coarsc sand (10 YR 4/4, moist). No mottles.
Soft (dry) and structurclcss.  Abrupt boundary.

82 - 122 cm. Dark brown sandy loan (10 YR 4/3, moist) with comnon reddish-brown
finc mottles. Massive; slightly hard (dry) and porous. In-
crcasing sand and gravel below 105 on. Abrupt boundary.

122 — 190 Gi. Browa loamy sond (10 YR'4/3, moist) with comnon strong brown fine
nottles. Soft; structurecless.

~

The soils described as loams contain about 25 to 35 per cont of clay. These

~K-7829
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loams have a necarly ncutral rcaction, with a pH 2t thc surfacc of about 6. One
profile, M8, was strongly acid and had 2 pH of 4.6. This soil was in a swanp which
had becen clearcd for paddy rice. A high acidity sccms to be typical of some of
these swamps., Profile M7, a sandy loam in a swan» not far away (scc sheet 2 and
fig. 22) showed a pH at the surfacc of 4.

The organic matter in thesc loams is high for a tronical soil, duc to the- strong
growth of grass, otc., under natural conditions. Por thce samples analyscd values
from 4 to 8 per cent werce recorded, In somec of thec soils the carbon/nitrogon ratio
is high, suggesting a future nced for nitrogenous fertiliser.

Available phosphorus is lovw in.nrofile 257 but in other profiles was usually
moderate to high in amount. xcept in the strongly acid soil M8 the oxchangecable
calcium, magnesium and potassium arc adequate to plentiful. Thore arc no harmful
accumulations of alkali or soluble salts.

These alluvial loams arc the best all-round soils in the wvalley. It is un-
fortunate that their distribution tends to be patchy and that they often have o some-
what undulating surfacc, Diffcrences in level of two or threc feet in 50 to 100
feet may ocour. It would bec inadvisable to attempt to level them to case the desigr
of an irrigation scheme since this would be likely to eApose underlying strata of

" sand and would rcsult in losscs of water.

ATLLUVIAL CLAYS

The alluvial clays of the Kilombero Valley have been split into two groups:s-

(1) Those which occur in the alluvial fwnu of the rivers and strcams ontering the
velley. = Thesc have good Iertlllty and structurc and appcar to have becen do-
posited recently.

(2) Thosc which occur on the main flood plain outside the alluvial fans. Thesc hawve
a lower fertility and a poorcr structurc. They appcar to be older clays aff-
ectcd by weathering since deposition. No doubt somc of thoim still rcccive somc
additional clay from flood watcr but the anmount is insufficient to countcract
the weathering processcs.,

The first group, the rccently deposited clays, have been further divided into:-

(a) Those rcgularly flooded and still being added to. This is the normal situation.
(K on thc naps) )

(v) Thosc now rarcly or ncver flooded owing to some recont change in the river sys-
tem, but still reteining the properties of a rccently deposited clay (Ke on the

naps ).

All profiles analyscd have beon of the normal {K) typec. It is not to be
oxpccted that the Ke clays will differ in fertility. They have been distinguished
on the maps bocause it should be possible to start their development without great
expcnditurc on flood control,

~K~7829
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ECENTLY DEPOSITED CLAYS

The rccently deposited clays arc found in rclatively small patches along both
sides of the Kilombero Vallcy, wherever tributary strcams cmerge fron the hills.
They have a level surface and usuelly lic slightly below the level of the adjoining
sonds, sandy loams and loams. They arc very liablc to be flooded from the tributary
strcanm but being on the zlluvial fans they are usually above the level of the Kilon-
zcro flood, so that often the flood drains cway in o fow days. However,; they very
considerably in this rospect and it is usually difficult, in the dry scason, to dis-
cover just what hapnens during the rains. - The thick growth of grass and rccds can
rostriet the flow of shallow shects of water and there 1is oftcn o strong backing-up
~ffcct on the tributary of the flooded Kilombero River. Onc profilc is described
bolow. Analysis of this and two others, P181 from Mtimbira (shoct 4) and L16 from
Zidodi (sheet 1) arc given in the tables.

SRCFILE 170

Location Onc mile west of Ifakara.

Porent material Alluvium.

Tosography In an ill-defincd valley, sloping to south.

Drainage Subjcct to high wator-tablc and to periodic flooding during

the wet scason.
cgetation Grass about 8 fect high (Hyparrhcenia sp.) and herbs.
0O -~ 18 cm, Grey-brown clay loam (1¢c 1R 5/2, dry) with brown fific mottlos
: bélow 10 cm, Mcdiwn subangular blocky scsruvturc. Fairly porous.

18 - 45 em. Groy-brown sandy loeam with strong brown mottles, mostly along roots.
A fow iron concretions, probably originating clscwhere.

45 - 180 cnm. Grey silty clay (10 YR 5/1, dry) with common strong brown mottles

incrcasing in nunber withk depth.  Coarsc subangular blocky, be-
coming nassive. Fairly porous at top, bocoming less porous and
very hard at bottom.

180 - 190 cm (+) Grey sondy clay (10 YR 5!1, dry) with neny brownish-ycllow finc
mottles. fediun subangular blocky. Very hard (dry). Some
small black iron concrections.

This group of clays includes a fow clay losms and thc range in content of clay
is from 35 to 60 per cent. Sandy strate arc liable To occur within the profile,

c.g. the 18 to 45 cm. layer of profile 170, duc to changes 1in the sitrcam courses in
the alluvial fans.

The soils arc usually slightly acid at tho surface with pi values of 6 or 6.5,
often rising to sbove 7 in the lowest horizons of the profilc. Organic natter is
quitc high (3 to 7 per cont) but not quite as high as in the loams.  The carbo
nitrogen ratio is often high, but not always. Available phosphorus is usually
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noderate, less than in the loams but highcer than in the older clays.

Exchéngoablg calcium, magnesiun and potassiﬁm arc adoqua%o to high. Exchange~
eblc sodiun tends to risc in the subsoil of some profileos but does not reach hormful
levels in any of the profiles analyscd. :

Thesc younger c¢lays arc cxcellent soils and are widcly.cultivatcd at prcscent for

'paddy rice, using natural flooding with somctimcs a littlc bunding and diversion of

streams. Their fertility is not quite so lhigh as that of the loams but their level
surface will make irrigation easicr, once flooding is controlled.

In the portion of the wvalley sufvcyed by Loxton, i.c. on thc north side betwecn

" the Kimbe and Lumemo Rivers, all clays arc shoun as recently deposited clay (K).

This is becausce Loxton made no distinction in his soil maps. It is probable that
the low-lying portions of those arcas of clay, i.c. those nearcr the Kilombcro River,

. correspond better with the "Clays affocted by weathering” of the writer's classifi-
" cation,

CLAYS AFFECTED BY UEATHERING SIIICE DEPOSITION:

These wenthered clays occupy the flood plain of the Kilombero and its major
tributarics the Kihanzi, linanga, lnyera and Ruhuji. They also occur to a lesscr
extent in the flood plain of the lisolwa river.

In these flood plains deposition is much slower than in the alluvial fans, due
to the water corrying less scdiment. The soil particles in the flood plain clays
have theroforc been subject o woathering for a longer period than the particles at
the samc depth in an a2lluvial fan clay. The older clays have a somewhat lower fert-
ility and probably a lower reserve of unwoathered minerals. In places, also, sodiun
has accurulatcd in the subsoil. Their structure is poorcer though this may be an
effect of a diffcrent vegetative cover and not purely of age as such.

 Onc profile, P165, is described “elow. Analyscs of this and 4 others are
given in tablec 13. ’ . )

PROFILE 165

Location Kivukoni, ncar the ferry on the Ifakara-Lupiro road.

Parent matericl Aliuvium.

Tovography Flood plain of the Kilombero river. — Gilgai relief; the pit was
situated on top of a swelling (puff). ' :

Poor within profile and sitc is liable to flooding.

Drainage

Vegotation Rice stubble. Notural vegetotion is tall grass.

0 - 15 én., Light ycllowish-browm clay {2:5 T 6/4, dr&) with few brownish-
yellow finc mottles. Subangular blocky structurc; vory hard
when dry.
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5 = 30 ecn. Light ycllowish-brown clay (10 ¥R 6/4, dry) with common, strong
brown finc mottles. Otherwisc as above.

0 - 55 cn. Light brownish-grey clay (2.5 Y 6/2, dry) with fow, red finc mottles.
Weak subangular blocky; frirly compact and very hard. (dry).

5 - 80 cm. Light brownish-grey clay (2.5 Y 6/2, dry) with common, strong brown
fine mottles. 1Massive; very hard.

30 = 190 em.  Light grey clay (10 YR 6/1, dry) with many pale brown and brownish-
yellow mottles. lMassive and compact. Very hord.

The clay content of thesc older clays usually fells within the range of 40 to
"5 per cont, i.c. oxtonding to o higher cley content than the younger clays. Sandy
strata in the profile arc uncomnon.

The weothered clays arc somewhat more acid, at any ratc at the surface, than the
younger clays, tiis no doubt being duc to the cxtrae weathering and leaching to which
*hey have been subject. Typically the pH ot the surface is between 5 and 6, often
~ising in the subsoil., A few strongly acid profilcs, such as Hl at HMercra, arc
~ssociated with swamps. + This had a pH of 5.1 in the top foot, diminishing slightly
30 4.8 in the third foot. :

Organic matter is in the range 1.8 to 5 per cent, lower thaen in the recontly
deposited clays though there is o considerable overlap. Carbon/nitrogon ratios are
~oderate to high. Availcoble phosphorus is ncarly always .lowy this is, of course,
wcasured chenically and should be taken as pointing to a nced for fertiliser trials
rather than a proof that fertilisers will be nceded. )

Bxchangeable calcium and magnesium are adequate, cxcept perhaps in the fow
strongly acid soils, but votassium is often lows oagein, this is not proof of pot-
assium deficiency but rather a warning of the possibility. Exchangeable sodiun is
normally low tut exceesded 15 por cent of total cations in the subsoil of two out of
the 19 profiles cxamincd. In profile 178 (sce toble) the sodium rcached 21 per cent
for the horizon below 80 em. depth. In another vrofile (necar Malinyi, figures not
rﬂproduced) the sodium was 13 per cent at the surface wnd rcached 27 per cent for the

24 to 50 cm. horizon, going us t6 30 per cent below 165 cm.

The incidonce of alkali in thesc clays is obviously quite low but they will have
to be looked out for during the dctailed surveys preceding any irrigation schenmc.

- Profile 178, ncar Itcte, lics in an arca shown on the map as recently deposited
clay. There is, of course, no clecar boundary between recently deoosited clays and
those appreciably affceted by weathering. The upper 30 om. of profile 178 has many
of the provertics of a rccently deposited clay but the connaet and massive subsoil,
w7ith a high sodium and low phosphorus, make the soil a better fit in the group of

weathered clays.

In spitc of frequent difficultics over border-line cascs; the distinction Dbet-
ween the freshly denosited and the somewhat weathered clays seems worth maintaining.
Cur guide at Mtimbire said that the clays ncar the village, i.c. on the alluvial fan,
can be brought to a good tilth in the first ycer of cultivation whereas the clays
further out on the flood plain do not rcach a satisfactory statc until the sccond
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yjear of cultivation. This referred to hand cultivation in preparation For rice.
Some years ago a tractor and plough worksd at litimbira on the flood plain and was
said to have produced a satisfactory tilth in the first year.

It is probable that the central portion of the Kilombero Valley, left uncoloured
on the soil map, is largely occupied by these weathered clays but its inaccessibility
and the limited time available prevented our visiting this area. If this is correct
then these clays are certainly the major soil of the valley. It is evident from the
gerial photos that this central area is much intersected by chamnels and there also
seem to be. occasional sand ridges. :

The high clay content of most of the weathered clays and the compact nature of
their subsoils will make for poor drainage in the soil and under irrigation the
applications of water will have to be carefully controlled., Under the present
regime the soils are, of course, under water for much of the wet season. Control of
this flood water is the essential condition for irrigation. There is also the 40
inches or so of rain during the wet season which will flood the land during wet
periods unless adequate surface drainage is provided.

However, assuming that complete water control is achieved thesec clays should be
quite satisfactory for irrigated cropping. A stretch of one of these older clays is
illustrated in figure 24. .

CLAYS WITH PARTIAL SAND OVIRLAY

PR ot

These soils are only found in the Msolwa Valley but here they occupy a large
proportion of the low ground. Trom a distance they look level ( figure 27) but in
fact the surface is somewhat uneven, with a difference in height of 2 to 3 feet be-
tween the ridges and the hollows, '

. On the ridges the topsoil is a loam or sandy loam but the clay content increases
with depth and at 1} to 2 feet the soil is a clay. In the depressions the sandy sur-
face horizon is thinner or is absent.

It is still not clear how these soils have been formed. t will be noted that
they only occur in the lisolva valley and that they arc associated with "Pale Sands"
which, although sandier, have a similar undulating surface and increase in clay )
content with depth. The Pale Sands are thought to be derived, at least in the Hsolwa
velley, from sedimentary deposits of Karroo age. It seems probable that these clays
are a mizture of Pale Sand with recent alluvial clay. The alluvial clay will have

. come from the flood waters of the lisolwa river and its tributaries and; earlier, from

the Ruzha flood waters.

Tarthworms are very numerous in these soils and build small columns of casts in
the centres of tufts of grass. These columns are 6 to 9 inches high and s»aced 2
feet or so avart. These worms will have thoroughly mixed the top feet or two of the
soil and incor»erated the recently deposited clay into the sand. There may also have
been some dowmward movement of clay irithin the profile.
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Onc profile is described below. Analyses of this profile L3 which has a sandy
to=soil, =nd enother (L10) with a hoavier topsoil, arc given in table 13.

.

Loc-tion Msolwa valley, about 7 miles ESE of Kiberege.:

Py v+ r¢+rriﬁl Probably clluvial.

Tororranhy Level, with slight undulations of a foot or two in height.
Drﬁinngg Poor. Flooded in wet scason.
Vcectntion Grassland with occasional trces and many small columnar

termitaria, Trces include Kigelieo acthiopica, Combretum sp.,
small palms (Borasssus sp. ?)

0 - 30 cn, Tory dark grey-brown sandy loanm (10 YR 3/2, noist). Rusty
staining along rcots, Soft consistonce. '

30 - 60 cm. ight brownish-grey coarsc sandy clay (10 YR 6/2, moist).
Common, finc, brown mottles. Hard when dry.

60 -~ 90 cn. Light brownish-grey clay (10 YR 6/2, moist) with common fino
strong brown mottles. Hard.

‘NB. Sampled with auger. This description is bascd on an cxamination of the auger
sonples.

Thesce arce somewhat acid soils, at lecast in the top foect of the profile,
Organic natter is rather low (0.9 to 2.1 per cent) in the four vrofiles cxaminecd.
Witrogen is very low in profile L3. Available phosphorus is moderatec to very low.

Exchangeablo calcium and magnesium arc moderate: potassium is low. The soils
eranincd vvr all frce from salt and all but onc frce from alkali. The fourth soil,
from near Nangonji, had a high czchangeable sodium (25 per coent) in the 2nd and 3rd
foot of the profilec.

These soils carry a cover of iall grass, burnt annually, with scatitered Kigelis
acthiopicn, Combrctums and other small trecs. They arc flooded cach wet scason from
the Msolwa and the other strecams draining the cscorpment to the west of the main road.

% will be scen that thesc soils arc of only moderate fertility, though beiser
than the Pzale Sands. Their noin disadvantage from an irrigation point of views
cssuzing thot flood control has becn achicved, is likely $o be their unevon surfacc.
Levelling the land would be most inadviscble, Not only would it ciposc @ poor sub-
501l wicre the ridges have been vlancd off but it would lcave a patchwork of clay
subsoils and sand infillings in which control of water anplicctions would be cxtreme-
ly difficult.

~£=7529
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CCHPLEX OF CLAY AND SAND RIDGES

The tributarics on the right bank of the Kilombero, from the Furua to the Luri
kave in the course of time brought down large voluncs of sond and built up oxtensive
2lluvial fans, Usually only o small scotor of cach fan is occupicd by the river o
any onc time. The other temporarily abandoned scctors arc gradually covercd with -
clay. The rcsult is a nctwork of sand ridges with clay in the intcervening hollows.

These networks arc shown on the map as a "complox of clay and sand ridges" (Cs)
since it was not possiblc to show the clay and sand scparately. The words '"mostly
clay" have bcen written across one arca to indicate that there arc fow sand ridges in
proportion to the clay but on the wholc it would nced 2 dotoiled soil survey to deter-
mine the relative proportions in cach block of the compleox.

No samplcs werc takeon from the soils of thesc compleics. The sand ridgces
resomble the sand ridges alrcady deseribed. Thé clays appear to be of the older,

weathercd tyoc.

Another form of the complex borders the middle reaches of the Msolwa River.
The Msolwa, as has alrcady been mentioned, flows in the old bed of a larger river,
presunably the Ruaha. When this bed was abandoned by the Ruzha the surface will
have been an uncven sheet of sand. Since then most of the sand has been covercd with
& thick layer of clay. In the lower rcaches of the lMsolwa no sand is now visible but
in the middle reachcs the crests of former sond-banks still projcct through the clay.

OTHER ALLUVIAL CONPLEXES :

In many arcas wherc alluvial deposition is going on therc is a nosaio of soils
of various textures which could only be shown as complexes. As in the Usangu shcots,

three complexes have been distinguished.

Xt: mainly 1igh£-tcxturod alluviumy sonds, sandy loams and loanms.
Xh: mainly heavy-toxturcd alluviums loams =nd clays,
Xm: including both light and heavy alluviunm.

The light-tcxturcd complex will contain an anprociable proportion of soils irhich
arc too sandy for irrigation. The heavy-texturced complex should be satisfactory.
The complex with both light and heavy-texturcd soils includes sonc sands which arc

t0o porous for irrigation.

NON-ALIUVIAL SOILS

Few of the ten non-nlluvial soils showm on the nap arc suitable for irrigation.
The "low-lying sands" are used in places for ricc-growing by the cxisting porulaiion
and could be irrigated casily. The "eandy cleys" arc also of somc potential value.
The other soils arc in gencral unsuitable though they may be important for rain-

grown Crops. Bricf descriptions of all the gsoils arc given below.

(1) RED AND BROYN SOILS

"
iy

The red and brown soils arc the usual soil on well-draincd slopes of the highe
ground bordering the wvalley. Originally they werc probably under rain forest but
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nost of this has now gonc and is replaccd by miombo woodland or by cultivation.
The forest soils are much prized by the local pcople and arc said to be of high
fertility. Probably the fertility largely rcsided in the humus accumulated during
nany ycars of forest cover. When the forost is cleared ihis rapidly dccomposecs,
giving good crops for a few ycars. If the forest had been allowed to regenerate
while the soil was still in good condition the fortility would have boon restored.
In practice cultivation continucs until most of the humus has gonc, leaving a poor
sondy soil very liable to erédsion.. In these circumstances the forest does not ro-
generate but is replaced by miombo. The anmuel grass fires which occur in miombo
cffecectively prevent any return of the rain-forest and prevent much accumulation of
hunus.  The red and brown soils arc in conscquence mostly rather poor soils at the
present time.

No forest soils have been cxamined but onc profilec was sanpled in cultivated
ground which had almost certainly previously been under miombo woodland. This
profile, M14, is described on the next page and the analytical figures are given in
the tables.

 On sheets 1 and 3 of the Kilombero soil nap the red and brown soils include the
shallow stony soils (Z) which werc distinguished lator in the survey when sheets 2
and 4 werc being compiled.

PROFILE M14

Location Between Mpanga and Utengule, about % mile SE of Taveta turn-off.

Parent material Granitic gneiss.

Topography Hill-side. Slopc about 5 per cent.

Drainage Good. .

Vegetation Cotton field. Crop about 3 foot high and hoalthy;
0 - 15 cm; Very dark brown sandy loam (10 YR 2/2, meist)

15 ~ 45 cn. Dark rcd-brovn sandy loanm (5 YR 2/2, moist)

45 - 15 cmL Similar but lighter in colour (5 YR 3/4, moist)

N¥B. Examined and sampled with auger.

This soil, which appcarcd to be tyoical of the red and brown soils undor culti-
vation, is a rather acid sandy loam. The organic matter is low and the nitrogen
very low. Available phosphorus is quite high and cxchangeable calcium, nagncsiunm
and potassiun arc adcquate. There arc no accumulations of salt or alkali,

Thc main deficicney in these soils is likely to be nitrogen, The local praciisc
in preparing land for a crop is to let the woeds grow for o fow weoks at the beginnirs
of the rains; quite a thick growth of gross results.  The grass is thon hoed into
rows and covered with soil, thus crcating 2 system of ridges and furrows. The crop
is sovm on the ridges and the nutrients libecratcd by the decomposing grass arc easily
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Fig. 33. Profile 235 in clay near Kimande, Pawaga. The scale is marked at 10 cm.
intervals. (See also figure 34).

Fig. 34 Thombush, chiefly Acacia kirkii, at the site of Profile 235. (See figure 33).
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rczached by the eron roots. The following ycar the ridges arc split over the furrous,

zgein a few wecks after the start of the rains, and thc grass is thus once more
puried in the ridges.

Thesec soils are unsuitable for irrigation because of their topographic position
and their sandy texturec.

{2) GREY SANDY SCILS OF THE FOOTHILLS

These grey soils occur on lower sloves of hillsides, on the tops of broad ridges
znd in general wherever the slopc of the ground is too slight for good drainage.
Tac soils develop from the same Bascment Complex gneisscs as do the red and brown
soils, They arc mainly scdentary but those on lower slopes have probably rcceived

some colluvial sand,

Only one soil has bceon cxaminced and this was situated ncar the rcd soil M14 but
a little lower down the slope.

PROFILE 1115

Location Between Mpanga and Utcngulc, 50 &ards down the slope from M14.

Farent material Granitic gneiss.

. Topography Near foot of slope.
Drainage Poor.
Yogetation Miombo woodland; Brachystcgia longifolia, Terminalia (? scricca)
and tall grass. : :
0 - 22 cm. Very derk grey loamy coarse sand (10 YR 3/1, moist)
22 - 45 cm, Dark grey-brown coarse sand (10 YR 4/2,-moist) with common dark
brown mottlcs. Somec iron concrctions.
45 - 75 cm. Grey—brown claycy coarsc sand (10 YR 5/2, moist), with common
dark rcd-brown mottlog. Somc soft ycllowish-~brown iron con-
cretions. :

IB. Exemincd and sampled with auger.

This soil is an acid loamy sand with very littlec organic matter and very low
nitrogen. Availablce phosnhorus 1s moderate. Calcium and magnesium arc low but
Potassium is sotisfactory. There arc no accumulations of salts or alkali.

This is a soil of low fertility and suffers, in addition, from a periodisc waitcr-
logging of the subsoil. It is unsuitable for cronping. In some ports of the
valley grey sands arc cuTtivatcd but probably only where the drainage is rather bett

than it is in the soil H15. The fertility level, i.e. amounts of organic maiter,
Prosphorus,’ ¢tc., in tnoqc cultivated sands is unlikely to be very different from
that of 1M15. The soils arc unsuitable for irrigntion.
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(3) LO¥ LYING SANDY SOILS SEASONALLY FLOODED

Thaoss are soils of lewvel, low-lying land. In places, for cxomple ncor Iteto ang
ncar ligohcranga, they occupy the level floors of valleys running into the hills.
Elscwherc threy occuvy the alluvial plain but arc always adjacent to the hill slopes
bordcring tkc plein. A gencral view is given in figure 28.

Thc soils arc probably colluvial, i.c. the soil particles have been washed down
graduzlly I{rom thc neighbouring slopcs, and not truly alluvial, i.c. corricd from
somc distarce in suspension in flowing watcr. The soil is thereforc composcd of
particles whieh have alrcady been weathered on the slopes and so do not contain the
rescrves of unwcathered minerals present in the a2lluvial soils.,

As wecll as being subject to periodic flooding these soils usually have a high
water-table pcrsisting on into the dry scason. Consequently they have concretionary
ironstono in thc subsoil, though not always the massive variety present in profile
179. hen they arc normally flooded to o suitable depth they arec used for rice and
the loczl pcople say good crops are obtained.

Onc profilc is described below. Analyscs of this profile, and of M22 from near
Kivukoni (shcet 3) arc given in iable 13. 5

PROFILE 179

Location Mtimbira, on southcrn boundary of the scttlement.

Parent material Colluvium,.

Topography Level.

Drainage Poor; flooded in wet scason.

Vegetation Ricc stubble and wecds.

Q0 - 12 cm. Dark grey loamy sand (10 YR 4/1, dry). Weak, mcdium crumb to ‘
single grain., Mcerging into:-

12 - 30 cm, Grey-brown clayey coarsc sand (10 YR 5/2, dry) with a fow fine
yellowish~brown mottles along roots. Woak,; medium subangular

blocky to massive. Slightly hard. Merging intos-

30 - 50 cm. Grey clayey coarse sand {10 YR 6/1, dry) with common finc ycllowish-
brown motilecs. Otherwisc as above.

50 - 80 cm. Light grey claycy coarsc sand (10 YR 7/2, dry} with common fine
pale brown mottles. : .

80 cm. (+) Massive concretionary dironstone with light groy clayey coarse
sand in intcrstitices. i

The surface of thesc soils is sandy but the clay content increascs in the sub- §
soil. The topsoil is fairly acid, with a pH of 5 to 6; the subsoil can be cither
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more or loss acid.” The orgonic maticr is variable but usually low; it ranged from
0.7 to 3.9 in the four 50113 of this tyvpe which have becn analysed. Nitrogen in the
organic matter is usually low also, Available phosphorus is moderatec to fairly
high. Eychangegblo_baaes arc low in »rofilc 179 but rather better in M22 and the
other two soils analysed.. There is no accumulation of salts or all 11.

‘These soils would be casy to irrigatc and the hoavior subsoils would prevent too
great a loss of water. . Some of the soils, such as P179, arc of low fertility but
others arc better. In gencral they arc inforior to the alluvial soils. Drainage
will often be a problem. Tecrmitec mounds abound but they arc usually of a small
columnar type which can be falrly eas1ly levellced, i

(4) PALE SANDS

The term "Palc Sands" was adopted by Loxton for the sandy soils which ocour in
patches on the plain between Ifakara and Mgeta, on the north side of the Kilombero.
¥umerous sandy soils in other parts of the valley scem sufficicntly similar to
Loxton's Pale Sands to be 1nclud0d in the same. group.

The profile of all thesc soils consists of onc 1o two foet (30 - 60 cm) of groy
1oamy sand overlying a pale sandy clay., The surface of the ground is usually some-
what undulating and in the depressions the upper sandy layer may be thinner or be
absent, the soil then being a sandy clay. HNumcrous large termitc mounds add to the
uncvenness of the ground. Flooding is usually limitecd to the depressions but in
places the higher ground is flooded also. It will be noted that the "Pale Sands"
are rather like the "Clays with sand overlay" but with less clay.

In gencral these sands carry a thin deciduous woodland, usually miombo wib
Brachystcgia longifolia dominant, but in places there is demse forest., The forest
is particularly widcspread in the Msolwa valley arca . (figure 25 )a No diffcrence
was detected botwecen the sands under deciduous woodland and thosc under forest but it
scems probable that the presence of the forest, which includes a number of evergreen
trees and chrubs, indicates o watcr-table within root range for much of the dry
secason, The Palec Sands under forecst have thercfore been separated as a sub-group
of the general type. Loxton also scparated the Palce Sands with forest and put them
in his class "Ground Water Forest Soils", but he included in this group other soils
which werc not Pale Sands. The prescent writer would have classcd some of them as
alluvial sandy loams.

Other Pale Sands, c.g. thosc at Kikwawile near Tfakara, when drawn on the map
have the shape of alluvial rans. These perhaps consist of material washed down
from Grey Sandy Soils of the Foothills and deposited in the plain. Or they may be
0ld fans of alluvial sand or sandy loam which have been weatherced for a long period
since they received ony fresh alluvium and have been converted into Pale Sands.

The first thcory scems thce more probable though no doubt weathering is procoudlﬁg_
a2ll the time. The patches of Pale Sand on the right bank of the llsolwa river,

after it has turncd south, arc probably weathcred alluvial sands originally depositcd
by the Ruaha river when it followed this coursc. The Msolwa follows a meandering
course in the former bed of the Ruaha. The Pole Sands stand 5 or 6 feet above the

- level of the former bed and were, apparcntly laid down as sandy levées along the bark

of the former Ru.ha.
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A third group of Pale Sands consists of those surveyed by Loxton and those near
Kivukoni, Mavimba and Iragua. These lie on very gently inclined slopes which are
probably base levels of erosion. The underlying rock in the areas mentioned is
Basement Complex gneiss which normally gives a soil with a sandy loam texture. = These
Pale Sands may have lost clay by either lateral or vertical eluviation. ~ The colour
is grey or pale brown rather than red because the slope is insufficient to allow rain.
water to drain away laterally. This explanation for the formation of this sub-grous
of the Pale Sands would make them a epeclal case of the Grey Sandy Soils of the Fooi-
hills, -

The fourth group of Pale Sands is that which occunles almost all the country on
the east bank of the lisolwa river, in the Selous Game Reserve. This sub-group has
developed on sandstones of Karroo age.

-

Between the Msolwa and the Southern Highlands Escarpment, i.e. in the level,plain
through which the Msolwa river flows, there are extensive areas of Pale Sand, some
under miombo (or similar) woodland (Ps) and some under forest (Pm). At Mangula the
Pale Sand (here under forest) lies in places at an elevation of about 20 feet above
the floor of the Njokomoni vellcy. It seems unlikely that this sand can be of alluvizl
origin. These Pale pands are probably also derived from underlying Karroo sediments
although the presence of the Karroo west of the Msolwa had not prevmously been recog-
nlsed.

The four sub-groups of the Pale Sands probably differ in some #ay from each other
but it did not prove possible to find distinguishing features in the course of this
reconnaissance survey. In the maps these sands are divided into three sub-groups:-

(1) Pale sands derived from Karro sediments.

(2) Pale sands with a high water-table, i.e. with forest.

(3) All other Pale Sands. In this sub-group are included the reeldual sands on
erosion surfaces; the weathered .alluvial sands and the transvorted sands
forming fans; and also, pronahly, some derived from Karroo aedlments but -
not recognlsed as such.

Profile descriptions follow for a soil from each subgroup. Analyses of these 3
proflles and another (P 253) are given in the $ables. '

(a) Pale sands derived from Karroo sediments

PROIMTLE 114

Location - 5ix miles east of Kidodi, on saw-mill track,

Parent material Karroo sandstone (9)

Togographi ¥ Flat, with undulatlons a few feet in helght

Drainage Impeded in lower part of Droflle.'nn

Vegetation Miombo woodland (Breehystegia longifolia) with many large termite
mounds.
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0 - 20 cm, Coarse sand, dark grey (10 YR 3/1, moist) at surface, brown
(7.5 IR 5/2, moist) below. e
30 - 60 cm, Pale brown coarse sand (10 YR 6/3, moist) witﬁ éoﬁmon yellow¥1'3-~5u

brovn mottles. ~  Some iron concretions with\ﬁnoz.
€0 - 90 cm. Light grey very sandy clay (10 YR 1/2, moist) with common 1light
yellow brown mottles. Some iron concretions (up to 10 mm. diam.) -
- with much Hnoz. ; -

NP, BExamined and sampled with auger. .

The surfsce horizon is slightly acid, with a pH of 6.4, The upper sandy layer
ig 2 feet thick, with sandy clay below. The soil is very low in organic matter
(0.6 per cent) and low in all nutrients - nitrogen, phosphorus and potassium.

(b) Pale Sands with a permanent water—table

PROFILE L9

Location - In the Magombera Forest, about one mile east of Mangula.

Parent material Sandy sediments.

Topography - = - Level, wi%h slight undulations of a f§w feét in height.

Dpainage__l . Impeded in lower horizons of profilel L

Végéﬁation . Rather thin foresf, witﬁ séme evefgreén épeCieé in the lower
storey. ' S : . . - _

0 - 30_06.:¥ . Very dark grey-brown loamy coarse sand (10 YR 3/2, moist).

30 —-60 cm., .- Grey vefy séndy‘claj (10 YR 5/1, moist). Common yellow=

brown mottles.
60 - 90-cm. .~ ~ Light brovnish-grey sandy clay (10 YR &/2, moist). ey
T yellowish-brovn and red mottles. Iron concretions (W
to 5 mm. diam.) with slight MnO,.

“NB, Examined-and sampled with auger.

This soil is more acid than L1d4 and has a slightly higher gpganle SAREOE BRSER
(1.2 per-cent). Ctherwise the two soils are very similar. The for:f_;~: e
was rather thin but the soil differed little from another soil undex =-==" = I~ nERS
the organic matter in this second forest soil was no higher but +he. o2 Ioas

acid at the surface. '
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(¢) Otner Pale Sands
RCFILE 168
socation Kivukoni, about % mile from the Kilombero river.

Tarort meterial Probably colluvial, from Basement Complex gneiss;

lsrosraphy Flat; slight rise to 'sputh.

“rairage Very poor; flooded from Kilombero river in wet season.
Jcwtation Rice stubble; formerly grass;

5 - 13 cﬁ. ‘Groy brown loamy sand (10 YR 5/2, dry) with brown staining along

roots. Weak subangular blocky to single grain structure.

13 - 35 cm. Very pale brown sand (10 YR 7/3, dry). Weak subangular blocky
to single grain.

35 - 180 cm. Light brownish-grey sandy clay (2.5 Y 6/2, dry) with commen
fine pale yellow mottles, Weak subangular blocky to massive.
Very hard and conmpact (ary). Iron and calcium carbonate con-
cretions present, also MnO_ . Below 75 cm., becoming light grey
(2.5 Y 7/2) without mottles. g

120 - 130 cm. Horizon of iron concretions, 2 to 30 mm. in diameter; Also some

carbonate. In light grey sandy clay with much brownish-yellow
mottling. i

130 - 170 cm. Pale yellow sandy clay (2.5 Y 7/4, dry) with many fine brownish-
yellow and dark brown mottles. Compact and hard, Much quaritz
and feldspar gravel in layer 160 to 170 cm. “ B e

170 - 190 em.{+) Pale yellow clay (2.5 Y 7/4, dry) with many fine brownish-yellow
and black mottles. Wecak subangular blocky to massive. Compact
and very hard. . ‘

This is a rather complex profile. Some of the clay is probably alluvial and the

sandy matcrial has been washed down on to the alluvium, The upper 35 cms. of this
soil arc little different from the other Palc Sands, except for a higher available
phosphorus at the surface. Below 35 cm., however, there is a high exchangeable
sodium which gives the soil an alkaline rcaction and which would be harmful %o some
crops. Thore is also a slight, but not serious, accumulation of salts in the sub-
soil, ' '

Other sands of this sub-—group &id not have the alkaline subsoil of profile 168.
Organic matter ranged from 0,9 to 2.0 per cent, Available phosphorus was low to
modcrate, calcium low to moderzte. Nitrogen and potassium very low.

Profile 253 (see fig. 26) is probably derived from Karroo sediments but might be
weathered sandy alluvium.
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These Palc Sands are noor soils. Although scme of them arec used f2r rice under
natural flooding, it weuld be difficult to keecp them sufficicntly watered if flooding
were prevented. The forest gr-wing on some of these sands contains useful timbor
trecs and this forost is rcbably ths bost use to which theo soils could be vut, It
oight bo possible toc replace the miombo woodland, where it occurs, by some more usc-
ful specices of tree but the nresence of the miombo probably indicates poor water ;
su2ply in the dry scason. -

In designing schemes for the utilisation of the I3 slwa and Kilombere valleoys
ressible injurious effecets of water control on tho forost should not be ignored.
-revention of flooding may cause a loworing of the water—table under the Torost. ;
This may in turn make the environment unfavourable fer tho timber trcos prescent and
so may lower the productivity of that arca of land.

(5) SANDY CLAYS 'F “INCIOSHD BASINS (IBUGAS)

The floors of valleys tributary to tho main Kilombero Valley arc often occupicd
by a sandy clay. A similar sandy clay occurs widely on the north bani: of the
Kilombero between Ifakara and the Ruipa river  here the soil occupics wide depros-—
sions in a gently inelined cresion surfacc.

The soils have apprcciable proportions of both coarse sand and clay. The coarsc
sand is probably washed down frem the ncarby highor greound and the clay is deposited
from flood water. In some situations the coarsc sand may be scdentary, i.c.
derived from the underlying rock, vith the clay deposited from flood water as before.
The activities of termitos, otec., mix the two materials.

The surface horizon varics from a sandy loam %o a clay loam and is usually dark
grey in colour, though it may be palcr. The subsoil is hecavier and is mottled,
indicat ing poor drainagc. Iron concrct‘ons arc often present in the subsoil.

A soil from near Itcte, in a narrow valloy, had the following profiles:-

C - 15 cm. Black loam.
15 - 30 cm, Very dark grcy sandy clay, with some iron concrotions.
30 - 45 cm. Similar, with browm mottling.

The vegetation was Combretum ~ Piliostigma scrub, srith grass (Themeda triandra
and Panicum sp.)

These sandy clays worc described by Lozton (1953) who divided them into two

groups, called the libuga Clay Pan and the Intormediate Iibuga Clay Pan soils. The
following description of a kbuga Clay Pan Soil is taken from Loxion's report.
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PROFILE No. 107 (of Loxton)

Location  About 8 miles W.N.W. of Tfakare.
TOpogfaphz Flat.(sloﬁo 0.2 per cont) with widely scattered large termitaria.

Drainage Very poor with very slow permeability. Fldb&cd several inches deep
in the wet scason. . ;

Vegetation Hyparrhenia grassland with widely scattered stuntod Combretum,
Piliostigma and Kigelia. .

Ground water Deop.

0 - 25 cm. Vory dark grey clay loam; slightly hard: modcratciy fine granular
structurc. '

25 = 85 cm. Gritty groy clay; very coarse prismatic-structurc, very hard;
common small iron concretions.

85 =105 cm(+) Grey sandy clay; strong very coarsc nrismatic structure, very hards
common small iron concrctions.

Analytical figurcs given in the rcport show a pH of 6.4 at the surface rising o
8.5 at 100 em. depth. The organic matter is 3 per cent and the available phosphorus
2.1 mg/100s; in the topsoil. Bxchangeable calcium is 8.5 ma/100g at the surface and
remains fairly high throughout the profile. There is no accumulation of soluble
salts.  Another profile was morc acid, with less phosphorus.

The Intermcdiate Mbuga Clay Pan soil described by Loxton is very sandy to 50 cm.
depth and is a sandy clay below this, with much concretionary ironstonc below 70 cm.
The soil had a much lower organic matter and cichangeable calcium than No. 107 but
the other analytical figures werc similar.

A1l thesc mbuga soils suffer from flooding under the present rogimo, Since thcy
occur in the valleys of minor tributarics or, in the case of the soils described by
Loxton, in dcpressions flooded by such tributzrics, thec control of the chief rivers
in the valley will not have much cffoct on this flooding. - The soils have a fairly
good fertility but suffer from poor drainage in the subsoil. They arc probably bhest
utilised for rice-growing, with onc Crop a ycar under natural flooding.

(6) GREY SANWDY CLAYS ON SLOPING GROUND

This soil was only found at onc place, near Kanoro in the Msolwa Valley. It is
a2 sandy clay, with mottling and with noticcablec ancunts of quartz and fcldspar grains.
It is™rather similar to the sandy clays of thc mbugas, just described, but lies on =z
slight slope and is not subjcct to flooding.

In most of the Kilombero Valloy the "Grey Sandy Soils of the Foothills" lic betwecr
the red and brown szoils of the slopes and the soil on the flats. At Xanoro, for
sone roason; the grey sandy soil is replaced by this grey sandy clay. The soils arc
probably cquivalent in the weathering and other vwrocesses to which they arc subject.
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The difference botween thon reprcsents the 1nflucnce of the hecavicr texturc of the
soil at Kanoro. :

One profilc only has been cxamined.  Analyscs arc given in the tables.

PROFILE L6 | .

Location = Kancro (ncar Kiborege), about 7; mile cast of the road.

Parent matorial Colluvium (?)

Topogravhy Foot of escarpment; gently undulating, with a risc of about 1
per cent to the west. . y

Drainage - Poor.,

Vegetation Combretun scrub. Tormcasts present on surface of soil.

0 - 30 cm. Black loam (10 YR 2/1, moist) with a few brown mottlcs.

30 - 60 cm. . Very dark groy*sandy clay (10 TR 3/1, m01st) with many yollowlsh—
brown mottles. lany grains of quartz and feldspar (ca. 2nn.
across). ; :

60 — 90 em. Grey sandy clay (10 YR 5/1, n01st) with many yellow1sh-brown

mottles. Quartz and feflsvor grains.

B, Examincd and sampled with auger.

The soil is of rcasonablc fertility but being on a slope rising from the wvalley

floor could not casily be irrigatcd. Drainage is rather slow and in places the soil

has suffered from gully crosion.

(7) GREY SAND "ITH CLAY SUBSOIL, ON SLOPING GROUND

This is anothcr soil which was only found in onc placcs in this casec ncar
Kiswago on the south bank of the Kilombero (sheet 4). The profile, only cxanincd
with the auger, was:-

0 - 15 cm, Dark grey-brown loany coarsc sand.
15 ~.40 cn.  Grey-brown loany coarsc sand.
40 - 50 cm.(+)Grcy—hroun clay, with mnottling and somec iron concrciions.

The .soil occurrcd on a broad low hill and carricd a thin Combretum scrub with
grass.

The soil differs from the "Groy sandy soils of the foothills" in the rapid change

irn fexturc at about 40 cn. denth. The drainage in the subsoil is obviously voery
noor and this is recflcected in a poor stunted growth of the trecs.
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been a "Low~lying sandy soil" which has beon croded in conscouence of a lowvering of

the basce lovel of crosion in the vicinity.

No samples have beon analysed but the soil appears to be of no agricultural
valuc. '

SOIL GROUPS USED BY LOXTON THICE DO NOT FIT EZACTLY INTO THE SOIL CLASSIFICATION_QE

H ; m
(1) FLOOD FLOY SOILS THIS REPORT

Loxton classcd as Flood Flow soils all alluvial soils falling between tho coarse
sands of river banks and the clays, The Flood Flow soils therefore include both the
alluvial loams and the alluvial sandy loans of this prescnt survey. Loxton rcgardeg
then as typically loams but i+ scens likely that they muet include 2 considerabie
arca of sandy loan. The analytical figurcs given by Loxton arc similar +o those
alrcady prescented in this report for alluvial loams and sandy loans,

(2) FERRUGINOUS SANDS

This group of ferruginous sands incorporates five of Loxton's soil groups.
(1) Ruipa grey ferruginous clayoy sands: drained phasc,

(2) Ruipa grey ferruginous claycy sands: flooded phasec.

(3) Idete grey claycy sands. . : , _ '
(4) Rondo ferruginous loamy sands, '

(5) Mgota loany sands.

The first four of these groups consist of 30 to 60 cm. of grey or groyish-brown
sand overlying a sandy clay. Iron concrctions oceur in the sandy clay below about
50 cm. depth. The Mgeta loamy sands have =z shallowecr sand layer (about 15 cm.) above
the clay and do not always have concrctions in the subsoil, at any ratc nct in the top
100 cn. of the profile; mottles arc present.

There was not time to roe—cxamine these soils.  The flooded phasc of tho Ruipa
and and the Idete sand arc probably cquivalent to the "low-lying sandy soils,
scasonally flooded" of this Present report, The draincd phasc of the Ruipa sand and
the Rondo sand would probably have been classcd as "Pale Sands", B '

Pl
[

Analytical figurcs given by Loxton skow these four soils to be noderately to
strongly acid, with a low organic natter and low cxchangeable caleiun, Available
»hosvhorus is, however, moderatc to fairly high. Loxton considers that tho rnore
level of these soils could be uscd for rice, using natural flooding, while the othors
2T of marginal value for agriculture.

JThe two Hgeta loamy sana profiles prosonted by Loxton arc moderately acid at the
surface and allcaline in the subsoil, Otherwise they arc similar to the other sonds

of this group. It is not clear to which s0il group of the bresent report these
soils bolong. :

205t of these sands are not suitable for irrigation.  Those soils which arc
rensonably level ang which have suffiecicnt clay in the topscil for the construction

e
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of bunds could be used but the proportion of such soils is probably small.

{3) GROUNDUATER FOREST SOILS : ' ¢

This group was distinguished by Loxion by the prescnce of forest. He regardod
the soil as being a "Flood Bank" soil, i.c. an "Alluvial Sand" of this repor®, which
nad undergone. approciable weathering since deposition. The pattern of occurrence
of thesc soils supoorts the suggestion of thoir alluvial origin, The soils arc
therefore rather different from the "Pale Sands with permancnt water table" which arc
the nain forcst soils of the Msolwa Valley. Many of the latter arc almost certainly
of non-alluvial origin. . o '

Loxton described the Groundwater Forecst Soils as dark grey sondy loams with a
grey sandy loam subsoil, They would thereforc correspond with the alluvial sandy
loans of this present survey, rather than with the alluvial sands. He rogarded the
soils as older than his Flood Bank soils bccausc of a loss obvious stratification in
the profilec. There scems to be no obvious rcason why the forest should be confined
to the more weathered soils, The forest will take perhans 100 yoars to cstablish
itsclf but this is s short period comparcd to the lifc of a soil profile.

Loxton rccommended that these soils should be used for timber production or
rubber plantations. The soils, being alluvial, should bec morc nroductive than the
Palc Sands of tho Msolwa valley and would appecar to be similar to the alluvial sandy
loam on which the Sanjec rubber plantation is established. .

The possibility of adverscly affecting the forest by lowering the watcr-table,
alrcady mentioncd in conncction with the Palc Sands, applics herc also.

(4) SHALLOY ALLUVIAL SOILS

This group includes four of Loxton's soilss-

Ruipa shallow alluvium.
Idcte shallow alluvium.
Narabunga alluviunm.
Namawala alluviun.

Only the first of thesc occupnics any apprcciable arca. The following profile
deseription is taken from Loxton's roport (profile no. 36).

Location 1% miles castward from the Ruipa bridge, along thc road.
Tonmogravhy Nearly level (slopc 0.2%) with scattercd small termitaria.
Drainage Poor; -slow pernmcability. Flooded during the rains.

Vegetation Thomoda grassland, with scattered Combrotun, Piliostigma, Afromosia and
Annona. '
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0 - 15 en, Dark groyish-brown clay loam, modcrate mediun crumb structure;
' overlay,
15 - 35 en. Brown finc sandy clay loan; weak mediun erumb structure; overlay,
35 = 75 en, Light grey sandy clay; hard, structurclcss and nassivesy common

orangc-brown nottlings and black iron concrctions,

5 enms (+) Grey clay, very hard, structurcloss and massive; many iron con-
cretions and orange nettlings., :

The top 35 cn. ‘consisis of rceent alluviumg  the lower part of the profile is
probably non-alluvial., Analytical figures show that the soil is noderately acid o+
the surface and almost ncutral in the subsoil. - Therc is a good level of organic
natter (5@) and o moderatc available phosphorus., Exchangeable calcium is rather
low, particularly in the subsoil. '

The thickness of the alluvial overley is insufficiont for this to bo a good soil

and the impermeable subsoil will make draincge difficult, The soil is “ost suited
To rice, and perhaps other crops tolcrant of poor drainage. -

(5) FOOTHILL CATENA

The term "foothill catena" has been used to includo the "oroded niombo catena,
the escarpment foot colluvium" and the "soils of the ¢scarpnont foothills" of
Loxton's reports,

In his rcport on Block A (Ifakara to the Chiwa~chiwa river) Loxton uscd the tern
"croded miombo catona" for the soils of all the hilly country to the north of the
crea he had surveyed, This catena wes said to include soils on stecep and badly-~
croded slopes and those of somec large mbugas, -

In the later report on Blocks B and C (Chiwa-chiwa to Kimbe rivers) ﬁoxton dis-
winguished an "escarpment foot colluviup" occurring at thc basc of steep rocky hills
and "soils of the cscarpment foothills" lying above the colluviun,

Onc escarpment foot colluvium profile, from ncar Jjagi, consisted of 10 inchos
oI grey sandy loan overlying 16 inches of rcddish-brown loany sand; below this was
? Aarl »odAd chbrown sandy clay, This was a reasonably fertile soil and could bo
uscd for rain-grown crops. It is unsuitable for irrigation on account of its slope
2nd sandy texture.

The "soils of the escarpricnt foothills" were stated by Loxton to include tho
Zollowings- - '

(1) Skeletal soils of steep slopes,
(2) munic rea carths under cvergreen forcst and scecondary thicket.

- - a3 L3
3} pPlatcau soils under nionbo.
The hunic red carths and soric of the platcau soils arc included in the "red and
Drown soils of well-drainecd sitos" (R) of this rcport, The renainder of Loxton's

-K~- 7829




g s

g

o "X
plateau soils come under the "grey sandy soils of foothills".
The humic red carths of the cscarpment arc cultivated in »nlaccs by the Wahche
living at thc top of the cscarpment. The soils produce good crops but crosion is
usually scvere owing to the stoopness of the slope.

Nonc of thesc escarpment foothill soils is suitablo for irrigation.

LAND CLASSTFICATION

Thoe Kilombero soils have been classificd on the same system as was used for the
Usangy soils (sce page 36). It is again assumcd that completc flood control can be
obtaincd. This is probably a grecater assunption in the Kilombero than it was in
Usangu owing to the higher rainfall in the XKilonbero and the large number of stroams
entering the valley.

Tho proposcd dam-sites on the Rubuji, Mnyera, Mpanga and Kihanzi Rivers will con-

" %rol the main arca of irrigeble land in the centre of the valley. Flanking this

central part of the valley arc the "plancs of crosion" dcscribed carlicr, on which
lics much uscful land, Somc of this uscful land iics in detached picces well above
the level of the valley floor and could probably only be cconomically irrigated from
the ninor strcams draining the slopes above thesc detached picces of land. An
example is the land between Kichangani and Kivukoni ( shect 3) which could only bec
irrigated by water from the Luri River. Such land has becen shown as irrigable al-
though it is doubtful whether all the minor strecams which would have to be uscd to
irrigate it arc large cnough, or havc sufficicnt storage capacity; for a viable
irrigation projcct. '

The prescnt occupation of the land hos not boen taken into consideration in
asscssing its suitability for irrigation., Large arcas of land arc cultivated by o
local population around Ifakara, between the Ruipa and Mgeta Rivers in the Luri
Valley and around Kidedi, Itcto, litimbira and ialinyi. Ricc is their main crop o
the alluvial soils. Europcan and Asian cstatics mostly lic between Kidatu and Ifa-
karas their total acrcage is of the order of 20,000 acres

ASSESSMENT OF THE SOILS OF THE KILOMBERO VALLEY

The soils of the Kilombero Valley, as shown on the Soil Reconnaissancce Map, have
beon grourved into six classcs based on their suitability for irrigation assuming con-
trol of flooding and availability of irrigntion water, The reasons for the asscss-
nents made arc given below, '

Sands in ridgcs, banks and watcr-courscs (S and M)

Class 6. Too pcrmcable and often standing above the surrounding land.

Sandy loans (A)

Usually Class 3. Sandy loams have rather a high permeoabilify and an uncven
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surfacc; patches of sand often occur, Sandy loams 'in narrow strips usually ineludg
2 considerable proportion of sand and have been put in cither Class 4 or Class 6.

Loans (B)

Class 1. Thesc soils hawve good texturc and fortility and a favourable recasonably
level surface.

Rocently deposited clays (K and Ko)

Class 1. Thcze are alse execllent soils,

Clays affccted by wcathering (C)

These have a poorer structurc and somcwhat lower fertility than the rccently
deposited clays and arc thorefore put in Class 2,

Clays with part.al overlay of sand (Cn)

Thesc heve an undulating surface and a variablc depth of sand overlying the clay,
Their fertility is also lower than the elays without sand. The construction of an
irrigation systen would bo difficult and the soil is thercfore down~gradecd to Class 4.

Complex of clay and sand ridecs (Cs)

The proportions of clay and sand vary greatly from rlace to place and a detailed
survey would be nccessary to determine, fTor cach arca of this complex, whether irri-
gation would be ccononically practicable, The soil is thercforc put in Class 9
requiring further investigation.

An arca of this complex to the north-west of Iragua appcars to have a rclatively
snall pronortion of sand ridge to clay and is almost certainly utilisable but the
cxtent of this morc favourablec portion remains to be determincd.

The "Meander Zone" of tho Kilonbero has zlso beoon mt in Class 5 since this also
contains 2 complox of clay and sand though here the sand is morc often in channcls
than in ridges.,

Alluvial complozcs, predoninantly light-torturcd (Xt)

This complex has been put in Classes 2, 3 or 4, depending on the proportions of
sand prescnt, as far as this could be Judged during a rcconnaissance survey. A com-
plex of loam and sandy loam is Class 2 and onc of sandy loam and sand is Class 4.

Alluvial conplexcs, predominantly heavy-toxturcd (Xh)

Class 1. ' This complcx consists of loan and recently depesited clay, both of whic
arc good soils, Differcnces in surface level scomed ingufficicnt to justify down-
grading the complex to Class 2.
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Complex of hcavy and light alluvial soils (Xn)

This is mostly sandy loam and rocently deposited clay, A proportion of sand
appears in the complex and is the causc for its being down-graded to Class 2.

Red and brown soils of well-draincd arcas (R)

Sroy sandy soils, ill-draincd, of foothills (G)

Pale sands (Ps, Pw and P)

Grey sandy clays on sloping ground (H)

Grey sand with clay subsoil, on sloping ground (Ga)

Barc rock and shallow stony soils (Z)

All thesc soils are Class 6. * They are unsuitable for irrigation on account of
topography, texture or shallowvmoss. ' -

Low-lying sandy soils (L)

These have a suitable level surface for irrigation but a rather low fertility -=

probably impeded drainage. They arc thorefore put in Class 3.

Sandy clays of.onclosed basins‘(mbugas) (D)

Bl

Those are rather variable soils and often appcar to have impeded drainage. In
nany cascs it will be difficult %o control flooding. The soils have been put in

Class 3,

Complex of palc sand and low-lying sand (p + 1)

This has beon put in Class 5, requiring further cxamination. The Palc Sand is
not suitable for irrigation and the Low-lying Sand is not a particularly gocd scil
(Class 3 when it occurs alone).

Flood flow (F)

Class 2. Much of this soil is Class 1, alluvial loam, but a cortain amount of
scndier soil is usually present so the whole is put in Class 2.

Shallow alluvial soils (7)

Class 3. These soils ‘have a suitable tovography for irrigation tut thc dept:
of tho more fertile alluvial layer is variable and the subsoil bolow this layer is

poor and has a low permecability.
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Zoih Class 6. Thosc soils arc unsuitablc for irrigation owing to their height
@bove the velley floor.  They also usually have too sandy a texture.

Sariy lo~r overlying clay (AC)

Glzss 3. The surfacc is somewhat uncven and usually norc porous than desirable.
Toc uricrlying clay should prevent too rapid a loss of water by drainagc boyond rooi
L“nilrTlying Y

TANLT o
Szndv 3oz overlying sand (AS) _

8l ov.rlvingz sand (XS)
Zoth Class 6. A sand subsoil is not satisfactory for irrigation.

Clay overlying low-lying sand (XL)

Tho upner clay layer will contain a rcasonable supply of plant nutricnts and the
low=lying sands (L) arc poorly drained so will rctain wator. The soil is therefore
wut ir Class 2, '

Clny overlying sandy loam (CA and KA)

Class 4. This would be difficult to irrigate but is not so unsatisfactory as-
clay over sand. It is, thercforc, put in the irrigable grade but in the lowest class
of thnt grade., ' ?

ACREAGES OF IRRIGABLE LAND IN THE KILOMBERO VALLEY

Table 4 gives the acrecages of the six Land Classcs for the Kilombero Valley.
¢t 1 of the Land Suitability Maps has been divided into la, the land o the north
the Grezt Ruaha (the Msowero and Luhembe Valleys) and 1b, the remainder of the
¢t {roughly the Msolwa Valley).

A2 for Usangu, classes 1 to 4 arc included in the total "suitable for irrigation"
end cloeses 5 and 6 in the total "unsuitablce.! Thesc two totals do not include any
wnsurviyed land, but the final total docs include the unsurveycd land, lMost of the
sngurveycd land lies in the central flood plain and here therc is little doubt that
the soil ig mostly clay. A portion in the north-cast will bc affeocted by ncanders
of the Kilombero and will include a fair amount of sand.

4 snnller part of the unsurveyed arca consists of permenent swvanps, These arc
protatly largely clay but mey include other soils.  The unsurveyed arca to the west
»f iisits (shoot 4) is all hilly and is not included in the tablc.,

Cla?s § includes o purcly arbitrary amount of hill land round the boundary of the
WIrviyLd arca, In the valloy itsclf the propertion of class 6 land is nuch less
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accessible but it lies on the proposed rail route to libeya.
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mostly unoccupied and very suitable for irrigation.
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Thore is littlec water in the Sofi in the dry scason and irrigation would depend
on the finding of a suitablc storage sitc above the Hission. The land between the
road and Mselemiti could be irrigated from the Furua River once the flooding by the
Sofi River is controlled, if the total water from the Sofi is 1nsufflclcnu for the
whole 5,000 acrcs, as scams likely. :

FURUA RIVER

About 5,000 acres of land, chicfly loans and sandy loans, could be irrigated
fron an intake about 3 miles above Malinyi on the Furua River. This stretch of land
cextonds from this intake to Igawa, and northwards from Igawa until it rcaches land
floodod by the Kilombero. There arc a number of sand ridges and o morc detailed
soil survey would be roequired beforc the arca could be recommended. A dem would be
required on the Furua River for all but a small projcct and no good sites for such
a2 dam have yct been found.

HPANGA RIVER

A good dam-site has been found on the Mpanga River and has been surveyed (sce
Volume IIT of this rcport). With flooding controlled from this sitec a large area cof
irrigable land, from Mpanga downstrcam, would be obtained. It is difficult. to
estinate to what ocxtent the Mnyora and Ruhuji Rivers would flood the lower-lying paris
of this arca if the Mpanga were provented from flooding. It is thercefore difficult
to cstimate the acrcage of land which would be made available for irrigation by a
dam on the Mpanga River only. 4% is probably in thc order of 8,000 to 10,000 acres,

The soils arc rather patchy ncar Mpanga village but there is & high pronortion
of class 1 land and plenty of room for cxpansion when the Mnycra and Ruhuji floods
can be controllcd,

Most of the suitablc lond in tho immediato vicinity of lMpange M1531on is already
under cultivation, ricc being the main crop on the plain. Cotton is grown on tho
hill-sides. There is an adequate population, particularly at Utongule; to operate
an irrigation scheme but communications with the "outside world" arc difficult (sce

figurc 19).
RUHUJI RIVER

About 7,000 acrcs of good land is available between Hagini and lkomoga. Con-
trol of flooding would bo required and it is possible that control of the Ruhuji
alonc would be insufficicent. There might have to be bunds to keep out Mnyera flood-
water and somc works in the lower rcaches of the Ruhuji to provent water from the
Mnycra flowing up the Ruhuji. Thoere is also a considerable arca of sand. The sife
warrants considcrotion but it scems less attractive than most of the other sites

suggested.
MNYERA RIVER

'I =

It is difficult to find iand suitable for irrigation from the Mnycra which could
bec made irrigable by control of the Mnyera alonc. It would scem that the Mnyora daz
& sitc for which has becen surveyed, would only be justified as part of a comprechensive

sSchome for the whole Kilomboro Valley.
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THE LOVER RUFILJI

INTROTUCTION

After lecaving the Kilombero Valley at Boma ya Ulanga the Kilombero river flows
south-cast for about 40 miles, It then swings north-north-cast and passcs over ths
Shuguri Falls. At thesc falls it is joinecd by the Luwegu river, coming in from the
south, Below the conflucnce the river is known as the Bufiji. 35 miles below the
falls the Great Ruaha comcs in on the west side. A fow milcs further on the Rufiji
passcs over the Pangani Reopids and then turns cast through Sticgler's Gorgoe. At tho
cnd of the Gorge, at Mpanga, the valley widens and the river flows for the last 135
niles of its coursc (95 miles as the crow fliecs) through o flood plein sloping genily
down to sca-level.

The soil survey is of this final flood plain, from Mpanga in the west to the coni
of the useful agricultural land on the river delta in the cast. The scaward margin -
of the delta consists of salt flats, mangrovc swamps and sandbanks and was not mapped.

Just below lipanga the flood plain oxtends northwzrds in a large D-shaped arca,
This is a gamc rescrve and is uninhabited anu difficult of access. Most of it had
to be left unsurveyed, On the oppositc side of the river, south of Tindwa and wesi
of lzba the ground was partly obscurcd by cloud in the only acrizl photographs avail-
able. The soil boundaries in this arca will be less reliable than thosc elsewhere.

In this western cnd of the plain the few poople living there live on the river
bank and access to the land back from the river is difficulit. But from the Zombe-
Kimburu footpath castwards paths and tracks arc rclatively nunerous, at lcast up ‘o
the beginning of the non-alluvial soils bordering the wvalley.

- The field work of the rcconnaissance soil survey wes done in the latter pard of
1954. The writer was helped for part of this period by R. E. Paxton, of the
Tangonyika Agricultural Corporation, who produced the soil map for the northern half
of the delta. The total arca of soils shown on the map is about 700 square miles of
which about 600 square miles arc alluvial soils.

The map is bascd on photointcrpretation, chccked by traverses at intervals
across the valley. Usually thore werc footpaiths which could be followed. Profile
pits were dug whon necessary for the vxamination of the vprofilc and the taking of
samplcs. The pits were normally 6 foct decp. The soill descriptions incorporate
work donc latcr than the roconnalssance survey whon the writer was cxanining possible
sites. for trial farms,

MAIN PHYSICAL FEATURES AND GEOLOGY

After leaving Sticgler's Gorge the Rufiji flows between hills for 10 nmiles.
Then, at Mpanga, it lecaves the hills and onters a flood plain about 5 miles wide and
75 niles long. BEast of this the flood plain widers into a delta which extonds about
20 miles from cast to west and 25 miles from north to south. e

The flood plain and the delta consist almost cntirely of rccent alluvial depositz.
This alluvium is bounded on both the north and south by soft sandstones and unconsol-
idated sandy deposits.
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The hills to the west of Mpanga arc shown on the Geological Map of Tenganyika
(1959) included in volume VI of this Roport as formed from Karroo scdiments. On
the left (north) bank of the Rufiji downstrcan from lpanga thore is first the large
D-shaped arca of alluvium mentioncd above. Its northern boundary was not scen,
Below this D, and oppositc Kwangwazi, an cscarpnent of soft sandstonc comes in fron
$ho north-wost and forms the northern boundary of the flood plain right down-to tho
delta. This cscarpment is 20 to 30 feed high along most of its length though here
and there, c.g. north of Ruscnde, it has been lowered by the crosion of strcams
tributary to the Rufiji.

On the right (south) bank of the flood plain therc is a 20 to 30 foot cscarpment
for sbout 2 miles below Mpanga. The cscarpment thon turns south and forms the left
benk of the valley of the Kondo River. To the cast of the Kondo River therc is no
markcd cscarpment bounding the flood plain. The cnd of the alluvium is markcd oniy
by a risc of 4 or 5 fect on to fairly level coarse sandy dcposits which the geologic-
al map shows as of llcogenc age. This low-lying strctch continucs to ncar Hayonge.
South of Kipugira a channcl coming from thc south probably carrics thc wet scason
overflow from Lzke Tungi or Utungi (Utcnge on some maps).

Noar Mayonge the land to the south of the flood plain begins to risc to tho
range of hills which runs south from Utecte. Utote itsclf is 30 or 40 fecet above ta:
level of the valley. This highcr ground is formed of Jurassic sandstoncs, zccordir;
to the gcological map. Bast of Utete the land gradunlly falls until at liohoro tho=e
is no markcd change in level between the alluvium and the adjoining sandy soils whicl
risc slowly to the south and south-west.

The higher ground to both north and south of the Rufiji vallcy is cut hore zard
thore by the valleys of minor tributarics of thc main river. The accunulatiocn of
alluvium in the Rufiji vallcy has dammed the cxits of many of these ninor strcams and
causcd lzkos to fornm. '

THE ALLUVIUM OF THE RUFIJI VALLEY

The Rufiji valley below ilpange can be divided into threc scctions, cach diffcr-
ing from thc others in the pattern of alluvial doposition.

(1) MPANGA TO MT.NZA

The river bed in this scction is very wide, up to 2 mile in places (figurc 30}
The rivor only fills this bed when in flood; in the dry scoson a grcat arca of sarni
is ‘exposcd. The flood plain on the south side of the river consists mainly of

former courscs of the Rufiji and of associated sandy lovées {raiscd benks). There
is very little clay. On the north sidc of tho river thorc is at leest onc old riwe
bed probably containing sand.  Inspection of the acrial photos suggests there may =
rather morc cley in the uncxemined D-shaped arca than on the south side of the Rufi}

The Rufiji brirgs 2 hcavy load of scdiment down through Sticgler's Gorge. T8
average of four ycars mecasurcment by the Hydrological scction of the Rufiji Basin
Tean is 13,558,000 tons of suspended sediment per yoar; in additiorn there is the
bcd-load, which was not ncasurcd. At Mpango the river rcachcs +he flood plain =
its veloeity falls., luch of its sand load is deposited in the strotceh between
Mpanga and Mtanza and this raiscs the level of the river bed. In conscquonce G
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river frequently bresks its banks and forms o ncw coursc on lower ground. During
loss violent floods, when the river remains in its cxisting coursc, the spilling of
the sand-laden flood water over the banks builds up cxtonsive sandy lcvécs, In
addition, the sand in the river channcl builds up into bonks and diverts the main
currcent from side to side of thc channcl, s0 thot bonk crosion is scverc. These
factors oxplain the mein fcaturcs of this scection of the walley - the wide, sand-
£illed bod, thc numecrous abandoncd beds and the cxtensive sandy levécs.

(2) MTANZA to IKWIRIRI

Hore the river is nerrower and its coursc is loss obestructed by sand banks.
Noverthcless sudden changes of coursc do tako place from timc to time. For most of
1ast contury the Rufiji flowed along the north side of the plain through Ruscndc and
~s faor cast as Hbingu, beforec crossing over to the south side. According to Telford
(1928) it first broke through ot Nyaringwe about 1873 and then agoin further upstrcan
just below Nyasungwe in 1890. :

The local pcople say there was fornerly o large village at Bota on the north side
of the old coursc and the clay land to the north (on which the Beta Trial Farm was
cventually sited) was rcgularly £looded and produccd good crops of ricc. Sinco the
priver moved across to the Utete side of the volley the clay at Beta hes ccaged to o -
flooded and cultivation of rice, without artificial irrigotion, has Dbecome inmpossitle.
Tt is cvident thot during its occupation of thc northern channel the Rufiji had raiscd
the level of the north side of the valley above that of the south side. In the -
strotch between Nyaringwe and Mayenge the river flows swiftly in o norrow channcl.

At Mayenge it rcaches the lower south side of *the flood plain; 1its velocity falls ond
the channel widens. The gradient across the flood plain is obviously greater than the
longitudinel gradicnt at this point. :

From Mayonge to Ikwiriri the proportion of clay to old river bed sand and sondy
levée riscs progressively. Fairly cxtensive lovée deposits border the channcl fron
Mtanza to Nyasungwe and also the old northorn channcl through Ruscndc. But the 70
years during which the river hos occupicd the ncw coursc past Utete have not been
sufficicent for any extensive levée building. Thorc has been 2 tendeney for the
formation of meenders bclow Mayenge but on the wholc the river has kept closc to the
southern cdge of the flood plain.

Below Mayenge there is 1ittle 1ikolihood of any obrupt changc of course for sont
conturics but above Nyasungwe there is o very renl risk of the river breaking its
southern bank and crossing o the southcern side of the wvalley. It would in such an
cvent probably rejoin its present coursc just above laycnge. Telford (1928) belicved
that the next break would occur at Logeloge.

(3) IXJIRIRL TO THE SEA

By the time the river rcaches Sule (south of Tkwiriri) it has lost much of its
load of sand. Caanges in coursc arc by the grodual proccss of neandering and sucacn
breek-outs arc most unlikely. Eithor the level of the river bed 1is not rising ory -*
it is, this risc is slow and is compensated by the sinking of the wvholc delta under *-
weight of sediments being 1aid down on the scavard side of the dclta.

Renmaing of former ccocurscs arc still visible in the delita arca. Onc such cours-
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lcaves the precscent river ot Kilindi and passcs through liohoro and Ndundu-towa. There
is a. smeller channcl, probably never mere thon a bronch of the main river, also
lcaving at Kilindi end running through Ruhonde.  These courses may be relics of the
tine when the delta did not cxtond so far to thc cast. The splitting up of the

main chonnel, which now storts ot Usimbe, may then have taken place at Kilindi.

In this third scotion of tho lowor Rufiji the soils arc predominontly loams and
clays. Sands rarcely occur cxecept in old river beds. Small, roiscd patches of sand
arc, howcver, found hcrc and there. In porticular there is a double ridge just cast
of Ndundu-tawa and a less regular series of patches further south. These appecar to
be old storm beoachcs dating from o time when the delia was much lcss cxtensive.
Similar ridges arc being formed at the present day on the castern cdge of the delta
at Mbwera. '

CLIMATE

The rainfall in the lower Rufiji vallcy tends to be bimodal in distribution.
The "short rains" start in latc November or carly December.  There is usually a dricr
jntorval in latc January and carly February and then the "long rains" start in late
Fobruary and continuc until carly May. Therc is, however, much variotion from year
to ycar. % ol '

Near the coast the average annual rainfall is over 40 inchosj for Mohoro it is
48 inches. Further inland the rainfall is less. The average for Utcte is 36
inches and for Mtanza 27 inches. Yost of Mtanza there apocars to be an increasc
and Sticgler's Gorge, 10 miles west of Mpanga, rcccives about 39 inches.

The agricultural systen of the Lower Rufiji depends morc on natural flooding

. than on dircct rainfall so that the rain in the upper paris of the Rufiji Basin is as
" important to the local pcople as the rain immediately overhcad. Hevertheless o poor
rainfall ycar in the upper basin is usually o poor rainfall year in the Utcte Dist-
rict also. In dry ycars, thercfore, when there is 1little flooding, it is the Mtanza
arce of low rainfall whioh suffers worst from crop failurces.

The lower Rufiji is proctically ot scn level and high tempneraturcs noy occur.
Tho sun hcats up the burnt grassland, ricc stubbles and the bare sand in the bed of
the river. The heated ground heats up the air currcents movirg across 1t and con-
- tinues to do so until wcll after sunsct. In 8 yecors tenperature rccordings at
Utcto screcen temperoturcs of over 100°F have been recorded for cach of the months
fron December to Anril. The highest reading was 112°F onc January., The mecan of
tho daily moximun and ninimun tenperaturcs averoged over 2 nonth has voricd fron 74

to 85°F.
SOTLS

GENERAL DESCRIPTICN

The soils in the flood plain arc ncarly all formed on alluviun deposited by the
Rufiji. his alluvium varics in texturc fronm a coarsc sand to a clay and the pati-
oern of its distribution is complex. '

Tho simplest conditions for dcposition; when the coursc of the river is stablo,
is for therc to bo coarsc sand in the river-bed and a raised levée of fino sond along
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the river bank.  Tith increasing distance from the river this levée dininishes in
height ond grades through sandy loam and loan to clay in the flat land beyond the levée,
“his is duc to the gradual filtering out of the coarsc particles from the flood water
by the grass growing on the lovée,

The picturc is usually ccuplicated by changes in the course of the river. If
the river is tonding to form meanders the bank on the outside of the bend will be
sroded whilst on the inside of the bend finer naterial will be deposited over the
coarsc sand of the river-bed. Vegetation cstablishes itsclf on this finer material
and traps both fine and coarsc particles from the water flowing through it during
Tloolz; until cventually a now lovée may be built uv cutting off this inside bend
from the mew course of the river. Loan or clay moy then be deposited inside this
new levée,

Agoin, if the river moves to an entirely ncw coursc all the original coursc,
including coarsc sondy bed and the fine sands, sandy loams and loams of the levéc,
arc grodually buried in clay.

The thickness of the ~lluvium is gradually increasings presuncbly acconpanicd by
some sinking of the wholc delta arca, so thot alluviun is in places extenaing over
non-alluvial ground bordering the flood plain.

The effect of 2ll this is that if one digs o pit through the alluvium, at hardly
any point will there be found o scction uniform in texturc. - (The delta is an cx-
ception hocausc herc nost of the a2lluvium deposited is clay). During o rcconnaiss-
ance survey therc is, however, rarely timc to makc deep investigations of the alluv-
ium, In general auger borings were made to o depth of 18 inches 1o 2 foct. This
clinirated nuch of the compleoxity and cnabled most of the valley to be shown as sandy
levée,; loany levée or clay. There still romained large acres where o change in
texture took place in the top 18 inches and it became nccessary to have such groups
as "alluviecl clay overlying coarsc sand", Therc were also, of coursc, many small
arcas of such composite soils which were cither not detceted or were not large cnough
to show on a map at a scale of 1 in 125,000,

The non-alluvial soils bordering the valley arc ncarly all sandy. There are
probably somc differcnces in thesce sands since they arc derived from parent materials
of differing origin. However thesc soils arc of no valuc for irrigation so no close
ciani. ation of ther was made. Low~lying arcas within these sands often have o sandy
clay soil but this could not be investigated in the time. Only in two or. three
placcs. where thesc non-nlluvial sandy clays occurred within the alluvium of the
valley, arc they shown on the map. '

The full list of soils distinguished on the map is given below: -

SOIL  ° : , MAP SYMBOL
Alluvial :
Coarsc sands of river beds. M
Sandy soils of river banks (mbaragwila) g B
Loans ond heavier soils of river banks Be
Alluvial clay. K
Alluvial clay mixcd with sandy colluvial material Ks
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s11luvial clay overlying scdentary sand. KS

A1luviel clay overlying coarsc sand KM
Ibarcgwila overlying coarsc sand ' BM
A1luvial clay overlying mbaragwila KB
Salinc soils A
Conplex of K and B not scparable at map scalce : . Kand B

Yon alluvial

Sendy soils formed from sandstones, beach sands, cte. . B
Sandy clays, hardcning or drying r

DETATLED DESCRIPTIONS OF THE SOILS

COARSE SANDS OF RIVER BEDS

This soil is only shown on the map in abandonod river-beds, wherc a certain
amount of vegetntion has token 2 hold. The sand in the present coursc of the Rufiji
is not included. ‘

The soil consists of almost pure sand ofton showing signs of current bodding.
Somctimes narrow bands of loanm or clay can be scen in the profilc, indicating 2
period when the main current of the river had nmoved away and quict conditions prc-
vailed at the profile site. Horizons rich in river gravel also occur in most pro-
files.

There is always a ccrtain amount of silt and clay mixed with the sand and when
the channcl ccases to carry flowing water there is inorcascd deposition of finer
alluviun from standing, or slowly moving flood water. Annual herbs and decp-rooting
percnnials become csteblished and cncourage further deposition.

The soil mappcd as “"coarse sand of river-beds" includes soils with up to 8 or 9
inches ~f a finer-textured overlay. When the thicknoss of the finer layor cxcccded
%hiﬁ tho soil is shown as a conmpositc one, c.g. alluvizl clay overlring coarsc sand

Ki), - ' '

Onc pit was dug in the old bed of the Rufiji at Rusende, This channcl s$ill
carrics water in most yecars, whoen the Rufiji is in flood., Therc was a 10 cm. thick
horizon of sandy clay at the surfacc and another thin band of clay at 40 cm. depih.
The rest of the profile was sand or coarsc sand, with water standing at 115 em. depth,
Tho vegetation was sparsoe grass and herbs, with a few shrubs.

The surface of these sands is normally somowhat undulating since a shallow river
tends to concentrate its flow into o serics of interlacing chenncls, lcaving send-
banks between the channcls. When the river drics up completely the incoming vegct-
ation grows thicker in the channcls than on the ridges, since the water-table is
nearer the surfacc in the channels. This gives these old river-beds a sonewiat nct-
like appcarance on acrial photos, with dark lincs of vegetation following tho courscgs
of tho interlacing channcls.

Another profile pit was dug about half a milc north of Ruscndo. Thisnsitg hed
ovidontly been occupicd by a loop of the river at some time in the past.  The 0D
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35 cn. was a dark grey clay loam. At 35 em. there was an abrupt change to palec
brown sand. Below 85 en. there was a white currcni-bedded coarsc sand with bands
of river gravcl. This continued to the bottom of the pit at 180 cnm, depth.

Tho surface at this sitc still showed the undulations typical of thesc rivor-
bed sands. The notural vegetotion was grass with scattered trces and shrubs, The
treces included Commiphora sp.y Dalbergia nelanoxylon, Acacia sp. and Hyphacnzc palns,

This soil was classed as "alluvial clay overlying coarsc sand", Although it
suprorts o better plant cover than the purc sand i+ would still not be satisfactory
for irrigated cropping. There is, for all practical purposcs; only 35 cns. depth of
soil since it would not be possible to maintain sufficicnt moisturce in the sand. The

crops would not flourish on 35 cm, of soil without watering at inconveniently frequent
intcrvals, )

SAEDY SOILS OF RIVER BANKS (HBARAGHILA)

The Rufiji in flood carrics a considerablc load of fine send, silt, clay and
flokes of mica, This is kept in suspension by the turbulence of the river. When
the river overtops its banks this suspended material is depesited on the adjoining
lard, The coarser particles arc deposited ncarest the river and successively fineor
particles further and further away.

The deposit on the actual river bank, often forming 2 belt several hundred yards
wide along ths river, is usually predominantly = nicaccous fino sand, with losscr
~iieunts of coarse sand, silt and clay, This is known by the local inhabitants as
"mboragwila, The greater part of the coarsc sand transported by the river romeins
in the river bed while much of the silt and clay is carried in suspcnsion across the
“baregwila and scttloes slowly at greater distances from the river.

These deposits of mbaragwila are most cxtensive (both in width and depth), and
their texture is sandiest, in the westorn portion of the flood plain. Further ecast
their extent decreascs and their texture becomes heevicr. In the delta arca they are

asuglly loans and in this survoy have been grouped scparately from the sondier chbara-
gvilas,

These mbaragwila deposits stand up above the rest of the alluvial dbposits of the
clay as raiscd banks or levées. Huts arc usually sited on them and tracks usually
‘ellow them since they arc less subjoect to flooding than othor soils of the valley.

The flood water, when the river overtops its banks, doecs not usually flow as a
‘niforn sheot but flows more rapidly, and morc frequontly, through low spots in the
arnk, The effect of this is that the mbaragwila is deposited unevenly, tending to
-orm ridges at right angles to the river, Also the boundary of the nbaragwila
arthest from the river, where it usually adjoins clay, is not the smooth linc which it
bpears %o be on the small-seale soil maps buit is actually fretted, with tongues of onc
01l penciroting into the other, e

The mbaragwila deposits arc strongly stratificd into-layers of coarser and finer
sZture since different floods vary in violowee and deposit diffcreont grades of nmat-
rizl. The mbaragwila usually oveorlics clay,. This clay represents the original
2nd surface into which the rivor cut its channcl when it noved into that particular
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COUTS8. In other cases there may be zlicrnations of mbaragwile and clay, where the
river has abandoned a course after laying down a certain amount of mbaragwila and
ras later returned to that coursc.

In the upper (western) vart of the valley the thickness of the mbaragwila is
cften greater than 2 metres close to the river, ~Further away, of coursc, the thick-

ness tends to diminish., In the profile dezeribed below, which was 400 yards dist-
ant from the river, the thickness of mbaragwila was just over one metre.

PROFILE R7
Location Zombe, about 400 yards from the river bank.

Parent material Alluvium,

Topograph Fairly flat; slope about 1 per cent;

Drainage Flooded for part of most wot seasonsL | Well-drained in the dry
season. ’

Vegetation Grassy but cultivated in the past for cotton, maize, sorghum, ctc.

0-10 cﬁ. Grey-brown finc sandy loam (2,5 Y 5/2, dry). Good crumb, porous,

slight irregular vertical cracking. Many fibrous roots. Clearly
defined from:-

10 ~ 18 en. Light brownish-grey somewhat clayey fine sand (2.5 Y 6/23 dry)
nicaceous. Massive, friable, slight vertical cracking. Fewer
fibrous roots with slight rusty staining along roots. Clearly
defined from:- '

18 ~ 22 cm. Grey-brown fine sandy clay (10 YR 5/2, dry) with about % strong
* brown mottles and some manganese staining. Stratified, with fine
horizontal and vertical cracks. Moderate fibrous root. Clearly
defined from:-

22 = 122 cm.  Stratified pale brown sand (10 YR 6/3, dry). Huch coarse sand
down to 43 cm., fine sand below; current-bedded below 85 cm.
About 10% strong brown mottling at top, diminishing with degpth,
Massive but friable.  Abrupt boundary.

122 - 150 cm. Dark grey-brown fine sandy clay (10 YR 4/2, dry) with lenticuler
palc brown patches and some rusty mottles; slight mangonese stoin-
ing. Hard cloddy, with irregular mainly vertical cr=zcks. Very
fow roots. Merging into:- ‘

150 - 190 cm. Very dark grey-brown clay (10 YR 3/2, dry) with ebout 25% brown to
. reddish-yellow mottles. Cloddy, with mainly verticel cracking.
Slightly moist {early October).

This profile is approximately noutral in reaction, thc pH varying fron 7.2 at
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1 nctre depth (sce table 14)._ Thero is o good orgeanic matter content of 3% pof

cont in the topsoil (orgonic matter = organic C x 1.72). Available phosphorus, as
dctermined by dilute acid oxtraction, is high. Exchangeable calciun and magnesiuz
are in good supply and potassium adequate. Sodium is low down to 1 metre depth onz
although there is 2 risc below this it docs not rcach a dangerous level. There is

no accumulation of soluble salt, as-is shown by the low conductivity figurcs.

The C/N ratio is rather high in thc upper horizons, suggesting a deficicney of
nitrogon, although this ratio is not 2 very reliable indicator of nitrogen status.,
These levée soils are very fertile when adcquately supplicd with water. ~ The local
inhabitants grow maizc, beans, punpkins, ctc. on them during the wet scason and pow-
paws and mango trces oarc numerous. Cotton is widely grown also. It is sown on ih:
lower-lying mbaragwila aftor the Bufiji flood has reccded, i.c. towards the cend of
the roins, The roots follow the water-table as it sinks during the dry scason and
the crop is independent of rain. s " T

Although thesc soils have a high.inhorent fertility they arc not very suited to
irrigation. In the first place their uncven surface will greatly incrcaso the cost
of installation ~f an irrigation system and will nccessitate the use of small fielde,

" Sccondly, they arc often so sandy that water losses from canals and in the ficld:
will be very high. The profile R7 would probably be rcasonably satisfactory. In the
ton foot of the profilc no horizon has less than 14 per cent of clay. Below this
the profilc is sandicr but no horizon (a2t any rate no analyscd horizon) has less then
11 per ecnt of eclay. This together with the presence of a quantity of horizontally-
bedded mica flakes, will probably be sufficient to prevent too rapid an cscape of
the water. . Somec othor profiles cxemincd, however; have beon much more sandy. Thus
profile B2, ncar Utctc, had less than 10 per cent of clay in 2ll horizons down to
80 cms., at which depth clay was rcachod; and profile P160, at Mtanza, showed only
2 per cent of clay betweoen 70 and 200 cm. depth. Water losses in such soils would
be far too high. _ - : : '

Sincc thesc mbaragwila soils arc inhercntly the most fertile in the valley any
irrigation schemc should cndeavour to include as large an arca of them as practicablc.
Thoy will, however, have to be surveyed carcfully beforchand so that only thosc with
o reasonable water-holding capacity arc incorporated. This survey will have te bo i
detoil owing to the great variation vhich cxists over guite short distances.

LOAIS AND HEAVIER SOILS OF RIVER BANKS . g an Ee e e x g

It has alrcady been stated $hat the river levées in the delia arca arc of hoavicr

$oxturc .than the lovées of the highor rcaches of the river. The levées of the delts
arc also less cxtensive both in width and height. .. The soil is still called mbara-
" gwila by the inhabitants. . -2 R .
Only onc profilc pit was dug and this is described below: -

PROFILE R15
Location @ -~ "Mwengei.
Parent matorial Alluvium, finc-texturcd.
Topography Level.
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Drainage Impcdo@. Not flooded from the rivc;.
Vogotation  Cultivated, with scattered treos, including:-—
Mango
Kapok

Kigclia acthiopica
-~ Vitex doniana

0 - 12 em.  Dark groy loam (10 YR 4/1, dfy). Good crumb, fairly porous.
Moderate amount of fibrous roots in tho top 3 or 4 cms.
Merging intos-

12 - 28 om. Black finc sandy clay (10 YR 2/1, dry) bocoming browner with depth.
Hedium cloddy; cracks up to 5 mm. wido. A fow fibrous roois.
Morging intos-

28 - 50 cn. 3rown micaccous fine sandy clay (10 YR 5/3, dry) with greyish mottles.
Mcdium cloddy;: cracks up to 4 mm, wides very fow fibrous rcots.
Clecor boundary,

50 - 85 cm. Palc brown fine sand with muck brown and orange mottling. Massive,
with a fow fine vertical eracks. Herging indo:-

85 - 165 em. Dark brown clay (10 ¥R 3/4 dry) with o rusty mottles nnd somnc nansancsc
staining. Very coarsc clod, hard. No roots. Merging intos-

165 - 190 cm.Palc brown micacoous fine sand (10 YR 6/3, dry) with a fow nediun
: sized rust mottles, Massive but friable.

The profile was moist below 85 em. (cnd of Novombor).

In genoral fertility the soil is similar to that of the sandicr R7 described
above (scc Table 14). In toxturc, however, it is nmuch hoaviocr. There is 27 per
cent clay in the surfacc horizon and probably more than this in the ncxt two horizons
belowy although they werc not analyscd. A sendy layery with only 9 per cent cloy,
does intervene between 50 and 75 cn. dopth but clay lics below that, down to 160 cm,

The sandy horizon betwcon 50 and 75 cm. depth might causc some inconvenicnec in
tho construction of canals but this could be overcome without difficulty. It would
not cffect the uscfulncss of the land for cropping. In any casc it is not 2 con-
stant featurc of thesc soils.

’ * x . . . t 1 g

Topographically these soils arc morc suited to irrigation bocausc their surface
is more cven than that of the sandicr levées further upstreon. Pheir totzal ercs is,
however, quitec small. 3

ALLUVIAL CLAY

Alluvial cloy tends to occur at the bottom of saucer-shapecd depress:ons." Tho
reisod rin of the saucer consists of the coarscr alluvial deposits, i.c. the "mbtora-
- . . M i . L; o
gwila" described in the proviocus two scctions. The flood ‘water cntering the
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dcpression loses most of its coorser scdiments while crossing the rimg the remairi. -
finc, particles scttle in the centrc of the saucer to form heavy clay soils. -

These clays arc dark grey or dark grey-brown in colour. They crock widely on
drying; the clay appcars to be montnorillonitic though no identification of clay
nincrals has been donc. Therc arc sonc differcences between the clays of the deli-
and thosc of the wvallcy. The dividing linc appears to fall necar Ndundu. They op-
therefore described separately. £

lpange tc Ndundu

Ten profile pits were dug in clays between Mpanga and Hdundu, A typical pro-
file is deseribed below (R5), and o general view is given in figure 31. Those cley
deposits arc not uniform and sandy strate arc common within the profile. Profilc
R5 has a sandy layor betweon 100 and 135 en. depth. The actual clay layers in thig
profilec are feirly uniform, varying from 47 to 59 per cont of clay (tablc 14) but
greator variations werc often found. In only onc horizon of onc of these ten pro-
files did the clay content of o clay horizon cxcced 60 per cont. This was the 15 te
125 cm. horizon of profile P207 (at Bota ncar Utcte) which contained 65 ver cont.

Rusty mottles occur in all horizons of thesc clay profiles oxcept usually the
top onc.  Thesc nmottles indicate bad drainege within the profile.,  Both the heavy
toxture and the scasonal high water-tablc (commonly actual submergence of the soil
arc the causc of the poor drainage conditions and is not casy to foresce to what
crtent the drainage would be improved by lowering of the wntor-table by the demnming
of the river nbove Mpanga.  However, the provalence of sandy horizons in the clays
above Ndundu and the not cexcessive percentages of clay in thoe clay horizons suggest
that drainage would be satisfactory for most crops. Carc would be nceded in the
application of irrigation water to avoid excessive watering.

Two of the ten clay profiles between Mpanga and Ndundu suffor from cxcess cx-
changcable sodium and are cxceptions to the genoral statoment just made. Drainage in
these two clay soils would not be satisfactory without rcclamation measuros to reduce
the sodiunm., ; - '

Profile 5 is an czample of the cight clay profiles which were not affooted by
sodiun.

PROFILE R5

Locatién ¢ Ruscnde, 1000 yds. south of old coursc of Rufiji.

Parcnt nmoterial Finc-textured alluviun.

Topography Level, Flood plain of the Rufiji.

Drainage - Impeded. Flooded for part of wet scason.:

Vegetotion Grass, with scattercd shrubs and a fow trces (including
Ferassus palns).  lMuch of the surrounding lapd is cultivated
for rice.
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0~-8cn.,  Dark grey elay (10 YR 4/1,. dry) Vell-narked coarso crumb to
~ 7 “small clod, hard. dodorwtu anount of fibrous root. Mcrging
intos- 3 :
8 - 25 cn. Dark grey-brown clay (10 YR 4/2, dry) with slight rusty mottling

in lower part. Cozrsc blocky, hard. Irrcgular cracks, nmainly
vertical. A fow fibrous roots. lMerging intos-

25 - 38 cn. Brown finc sandy clay {10 YR 5/3, dry) with 15% dark brown to
yellowish-red mottles. Massive, wlth irrcgular cracks. A fow
fibrous roots. Merging into:z -

38 -~. 75 en. Dark groy-brown clay (10 YR 4/2, dry) with 10% yellow mottles (10
: YR 8/6). Coarsc subangular blocky structurc. No fibrous roois.
Merging into:~

'751f 100 cn. Dark brown clay (T 5 YR 4/2, dry) with 20% ycllowish-rcd nottleu.
MGSSiVu, with 1rregul r cracks. lerging intos-

106 ~ 135 cn. Brown clayey sand (7.5 YR 5/4, dry) with dark brown 3nd whltc mottlcs.
Massive and conpact. ;

135 - 200 cm. Very dark brown clay (7.5 YR 3/2 to 4/2, dry) with 20% reddish—ycllow
nottles. Little cracking but with o tonguc of sand descending from
the previous horizon to below 200 cn. '

Moist below 40 cm. depth (carly October).

This soil is slightly on the acid side of ncutral (pH 6, rising to 7 at 100 en.
depth). There is a moderate amount (23%) of orgenic mattor and a nmoderatc lovel of
available phosphate.  Exchangecable calcium and magnesium arc high; potassiun is
high in the surfecc horizon and moderate below. There is no cxcossive level of
sodiun and no accurmlation of solublc salts. '

Profile 207 (at the Beta trial form) was similar to R5. The cxchangeablc sod-
ium in the subsoil is rather higher in 207 but does not reach harmful levels:; the
available phosphorus is rather low in 207. Profile 207 is hecavy-texturcd down to =
depth of 180 em.; below this there is finc sand,

The two profilcs with oxcess cxchangeable sodiun were R8 at Zombe and R11 ncar
Nyawiru. In these the top 20 cns. or so of the profile are similar to thoscof RS but
below this the soil is strongly alkaline, with pH valucs akove 9 at about 100 cm,
depthe  Beclow this the pH declines slightly. .

The alkalinity is duc to a high level of sodium in the cxchange complex. It is
usually considercd thot crops will be affected if the cxchangeable sodiun cxcceds 15
per cent of the total oxchangeable bases. The cxchangeable sodiun percentage (ESP)
and clay content of several horizons of profilc R8 arc givon over the page.
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Table 5. Exchanpgcao ble sodiun and clay perccntascs for Profilc RS

Dcpth (cm.) pH ESP Clay %
0= 8 6.4 5 50
22 - 50 7.0 23 56
70 - 90 9.6 44 13

The effect of the high sodiunm will be to restrict root growth of many crops io
the top 22 cnms. of the soil profile and, in conjunction with the high clay content ¢#
the 22 - 50 en. horizon, to impede drainage. The soil is sctisfoctory for rice ang

is, in fact, uscd for this crop by the pcoplec of Zonbo. For most other crops it
would requirc somc ancliorative mcasurcs.

 Thore is no calciun ce rbonatc in the 22 to 50 cn. horizon, though there is sooc
in the lower horizons. Gypsun opplications would thercforc be necessary to reduce
thg sodium. ' :

Profile R11, ncar Nyawiru, appears to be 51n11 5% 46 BB, with pH values up teo
9.2 (for 100 - 140 cm. depth), though the cxchongeable sodiun was not measurcd.
There was no frec calciun oﬁrbonato at any lcvel in this profilc.

Thesc alkalinc soils probably occur where the water-table is near the surface for
o considerable part of the year. Evaporation of woter ascending from the water-
voble would explain the high sodium lewvelc., In nid-October R8 had a water-table ot
150 en. depth. In R1l the soil was moist below 170 cm, depth in Novonbcr but there
vas no standing water down to 220 cm. depth.

To summarisc, the a2lluvial clays between Mpanga and Ndundu'aro in gencral suit-
able for irrignted cropping. They have good rescrves of vlant nutricnts and are frec
from salt. A proportion, however, arc affected by an cxcess of sodium and without
anclioration arc only suitable for rice.

Of 10 pits dug 2 werc affccted by sodium. This suggeste that about 20 per cent
of the arca of cloy might be affected but- obviously not much rcliancc can be put on
this figurc.

Below Ndundu

Nine pits were dug in alluvial clay below Ndundu. On the wholc the clay is
hecavicr in texture than that above Ndundu and sondy streta are less freouent. Cloy
conteonts of 60 to 70 per cent arc common and 3 out of the 9 profilcs oon51st0d of
'contlnuous clay to at lcast 2 metres depth.

The land below Ndundu is, roughly, the delta of the Rufiji. I% is not sur-
prising that most of the clays in this area arc affected by high cxzchongeable sodiun
or by salt or by both. Prcfile R17; ot Kingoage II, is tynical of thesc delta
clays. A general view is given in figurc 32,
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PROFILE R17

Location Kingongo II, about 900 yds. north-cast of village.,

Parent naterizl Pinc—texzbtured 2lluviun.

Topography Loevels; on the delta of the Rufiji.

Drainoge Impeded. Rain-water is ponded on the sitc but floodlng fron
the river docs not ocour.

Vegetation Grass and hcrbs. Rice is cultivated ncarby.

0 - 12 cn, Very dark grey clay (10 YR 4/1s dry). Good crumb structurcs
cracking slightly on drying., HMany fibrous roots. Morging
intos =~ :

12 - 30 cn. Very dark grey clay (10 YR 4/1, dry) with 15% brown and yollowish-

red mottles. Angular blocky: very hard, Cracks up to 15 nn.
wide. Moderate amount of fibrous root. Merging intos-

30 - 96 ecm.  Very dark grey clay (10 YR 3/1, dry) with 15% rcd to strong brown
nottles. Otherwise as above. Morging intos-

96 = 140 cm. ‘Very dark grey colay (10 YR 3/19 dry) with 156 rcd to brownish-
yellow mottles. Angular blocky: hard. Very few roois. Salt
crystallising on walls of pit. Merging into:-

140 - 190 cn. Very dark grey clay (10 YR 3/1, dry) with 15% yellowish-red to
palc ycllow nottles. Plastic and very sticky. Salt water ocozing
in below 180 cm. No roots.

It will be obscrved that this profile is clay throughout; the actual clay con~
tent of the different horizons varics xrom 54 to 70 poer cent (sce tobles 6 and 14).
The pH is 6.3 at tho surface, declining to 4.2 below 140 cm. deopth, (The reason for
the acidity of the subsoil is not clear; it is possible that it is duc to the oxid-
ation of sulphides in the soil soample to sulphuric acid aficr the sample has bheen
tckon and that the soil is not so acid in the natural condition. )

As well as having o high proportion of sodium in the exchango complox of the sub-
soil this profilc also has appreciable anounts of salt bclow a depth of 60 em. (Tabls
). Crops differ in their scnsitivity to s2lts but the nore scnsitive Crops arc
affected when the conductivity of the saturated oxtract cxzcocds a valuc of 2.
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Table 6, Exchongeable sodium and clay nercentages and
conductivity of thc saturation oxbtroct for profilc R17.

: . Conductivity

Depth (cm) pH ESP  Clay % of 8.E.
(nillinhos/cn)

0w 12 6.3 3 56 %

30 - 60 5T 15 70 —

60 - 96 47 - - 6.3

96 - 140 4.5 32 61 Ted
140 - 190 4,2 32 . 54 9.4

Both the ESP and the salt content reach hermful levels at o depth of 60 Ch., or
thercabouts.  When the pit was dug salt water oozed in at a depth of 180 en,  Ame
clioration of the soil will not be possiblec unless this water-table can be lowered,
The land may not be sufficiently above sca-level for this to be donc. If the wateoa
table can be lowered then gypsun applications will be nceded to displacce the excess
sodiu.m.

In other respects the soil is satisfactory. The organic matter and potosh cone
tents arc good and the available prhosphorus is nmodecrate.

Profile R24, at Mchikichi on the north bank of the river is sinilar to R17 in
that there were no sand strata in the 2 nmetres depth of the pit but the soil was less
affected by sodium or salt. The ESP only cxcceds 15 at depths of over 100 cn. and
the soluble salts do not rcach scrious lovels at any depth. '

Profile R20, north of Ruhende, was notablce for its solonctzic structure. The
top 8 cm. of the soil was rathor loosc and 2t 8 em. depth there was a sharp trans-
ition to round-itorpcd columns.

The cxchangeable sodium pecreentages and clay contents arc given in teble 7.
There were no scrious accumulations of salts. The soil was rather lighter in texturc
vhan the other clays, cxcept for the 95 to 120 cm. horizon.,

Table 7. Exchangeeble sodium and clay percenteges for profile R20

Depth (em) pH ESP Clay %
0-8 649 7 24

8 - 22 8.1 13 33
22 - 50 8.6 18 32
55 — 70 8.1 19 19
85 - 120 8.6 32 63

[

The ESP's for R20 are rother lower than thoso of R17. However the local pcodlc
say that rice docs not yicld satisfactorily in the vicinity of R20, whercas it grous
7cll around R17. If this difference in rice yicld is duc to soil differences the
108t likely factor would scenm to be the high pH valucs of profilc R20 below a depth
of 8 cm. The levels of organic matter and available vhosphorus arec good.

Another profile examined, though the figurcs arc not included in table 14, wes
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225 on Usinmbe Island. The pit was dug on the edge of o large block of rice-ficlds
szich give good yiclds of ricc. Sonc figurcs arc given in table 8.

This profile is acid, likec R17. Sodium is high below 25 cm. depth; there is a
censiderable accunulation of salt in the surface horizon of this profile and lesser
snounts in the subsoil, The water—table was deeper than 180 cm. (late November) but
she rother sandy horizon below 120 com. wos wet. The nigh ssdius ond scalt volucs are
srobably duc to the cvaporation of water ascending from o saline water-table. Sincc
Usimbe Island is surrounded by salt woater it is possible that nothing can be done %o
lower this water-tablc. :

Table 8. xchanpeable sodiun and clay pcerecentages and
conductivity of the saturation cxtract for profilc R25.
Depth (em) pH ESP Clay % Conductivity
' of .S.E.
0 - 25 4.8 6 69 12
25 - 85 4.7 21 63 1
120 - 180 4.4 25 24 _ 4

i

The figurcs indicotc that rice has a considerable resistance to salt in the soil.

Two other profiles in the delta arca, R19 ncar Mohoro and P159 ncar Ndundu, werc
free from accunulations of sodium or salt but the cvidenece suggests that most of the

" clays of the delta arc affccted to somc cxtent. The range of possible crcps 1s

therefore limited unless ancliorative measurcs can be anplied. In nany coscs a
lovering of the water-table would have to be the first step and it is doubtful whother
this will prove possible.

ALLUVIAL CLAY MIXED WITH SANDY COLLUVIAL MATERIAL

This soil occurs chicfly in the upper part of the valley, ncar Mpanga.  The
naterial from which the soil devclops is o mixturce of coarse sandy matericl derived
from the surrounding sandstoncs and of alluvial clay,

Only onc profilc pit was dug in this soil;y it is described below (R 10). The
uppernost 18 cn. arc noinly alluvial clay though there is somc admixture of coarsc
sand which gives the clay o rother gritty fecl. The sand grains also help to bind
the soil into o hard mass which will be abrasive tc implemenis whaen dry. Belew 18
cn. there is less clay and the nmaterial is cither colluvium woshed down fron ncorbdy
higher ground or is perhaps weathered sandstonce norce or less in situ. Analytica
figures arc given in Table 14,

PROFILE R10
Location Nyakisiku. 500 yds. south-cast of bridge over Kondo river.

Peront material Alluviunm overlying weothered sandstone (7).

Topography Lovel. Flood plain of Rufiji river.
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Drainage Very poor. Sitc subjcet to flooding from river.

Vogetation Grass, with scattcered trees and shrubs. Trees include Acacia sp.
and Hyphacnac sp.

0 -8 cen. Very dark grey clay (10 YR 3/1, ary). Coarsce crumb to fine sub-
angular blocky; very hard. Cracks to 2 cm. wide. Many fibrous
roots. llerging intos-

8 - 18 em.  Very anrk grey clay (10 YR 3/1, dry). Coarse subangular blockys
very hard. Wide cracks. lModerate fibrous root. Clcar boundary,

18 - 85 cm. Dark groy coarse sandy clay (10 YR 4/1, dry) with 10% strong browm
nottles and somec mongancse staining, - Some white inclusions (7
kaolin). - Mossive, very hard, compact. A few irrégular cracks
to 0.5 em. wide, Fow fibrous roots, Merging into:-

85 - 100 enm, Grey (10 YR 5/1, dry), strong brown (7.5 YR 5/8) and white mottled
clay, with mangonesc staining. Sonic carbonatc. Massive, very
hard, compact. Irregular vertical and horizontal cracking.

Very few roots. lMerging into:-

100 - 180 cm.Similar to above with incrcased concretionary carbonate (2 to 8 mnm.)
No roots. Moist below 165 cm.  (mid-October).

The upper 18 cm. of this profilec dre sinilar to the alluvial clays already des-
cribed, apart from thc slight amount of coarsec sand. The clay content is 50 to 60 °
per cent, thc reaction is slightly acid, therc is a high organic motter contont (5%
per cents and o fair availablc phosphorus level. ;

From 18 to 100 cm. depth the texture is o sandy clay. Tho pH riscs slightly
and o fow carbonate concretions appear towards the 100 cm. level., The available
phosphorus is lower then in the topsoil and the organic matter is of course lower
olso. Marked mottling indicates poor drainage in this part of theo profile. The
poor drzinage is probably duc to o combination of a scasonal high water—table and 2
horizon of impcrvicus material below 100 cn,

This impervious matericl cextends from 100 cn, depth to at lcast the bottom of
the pit (180 cns.) and consists of an alkalinc sandy clay with marked rusty
nottling and much concrectionory calcium carbonatc. There is a risc in conductivity
nlso,’ showing some accumulation of solublc salts, but this doecs not rcach a sericus
level, ' :

This profile R10 consists osscntially of zbout 100 cm. of reasonably fertile
soil overiying an impervious alkaline stratum. Irrigetcd cropping should be possitl:s
if woter applications arc strictly controlled so that water-logging docs not occur ixn
the top 100 en. '

Lilthough there arcl00 cm. of good soil in profile R10 there is no rcason to
suppoesc that this figurc prevails throughout the mapped arca of this soil. It is
almost certain that in a proportion of the arca therc will be less +than 100 cns. of
good soil above the impermcable material.  There will probably be a complete range
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ctwoen only 2o few ccentimetres overlying the impermeable layer, when the soil will
de into the hard sandy clays described below, nnd two or more mnctres, when it will
¢c into the alluvial clays.
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Vhere the depth to the impermeable layer is less than 100 cms. the soil will
probably only be usceful for rice. The local peoplc say that rice grows well on this
soil. . ) . g

SALING SOILS

Much of the sco-ward side of tho delta is occupicd by salino soils. Those
soils support mangroves, salt marsh cr arc somctines bare of vegetation.

¥o detailed oxamination wos madc of thosc soils but the following figurcs for
pH and conductivity werc obtained for surface samples of soil from a barc patch of
soil and from a grasscd arce 10 feet cways-

Vogetation hoj:s Conductivity of
, 1:5 suspcnsion,
. ) (millimhos/cm.)

Baro ;5.0 3,00

Grasscd Bed 0.35

The rice plant will stond a considerable amount of salt and ot onc sitc = ricc
crop was scen which was irrigoted twice deily, at cach high tide. The woter waeg no
doubt brackish water backed up by the rising tide and not full-strength sun-unter.

The salt-marsh vegetntion probably includes specics of valuc to grazing ~ninals
and the mangroves arc of cconomic importance. Neverthcless, this land is of low

agricultural valuc and is not suitable for irrigotion.

SANDY SOILS FORMED FROM S.NDSTONES, BEACH S.ITDS, ETC,

fn

The Rufiji vallcy is bounded on the north and south by sands and softﬂsandstonc
of Karroo, Jurassic, and Ncogene age (according to the Geological #2p). These =l

produce sandy scils of low fertility.

No profile pits were dug and no sanplcs have been analyscd. S
Utocte showed about 12 inches of pole reddish-brown leany sand res i
stonolinc of water-worn quartz stones about 2 cm. in diamcter.
grey weathcring sandstonc. The quartz stoncs were noted olsewhcIo =3
stituent of the sandstonc. The uppernost sandy layer is often Torc ¥R A<
thick and thore moy have boen loss by crosion at the sife just describoc. 48
poorer-drained sites the soil is grey, without reddish tints.

e
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Sorghun, cassava and somctimes cotfon are grown on these sandy 2
prosont trond appears to be to give up cultivation on thesc soils 2ano
on the norec fertile alluvial soils.

}'S Wzl

In low-lying sites in the sandy country thore arc grey sandy cla

~K- 7829

MRS ST T T

5 - %
- --—i—-.-a-(_-.\'i;'-.t-_-



- 100 -~

on drying. They were not cxamined or sompled but arc probably less alkaline than the
sandy clay (profilec R12) described below. Thoy were not distinguished from the
sandicr soils of the higher ground in this SUTvVey.

At Mbwera therc apre a scrics of curved and nearly parallcl ridges of coarse’ sand,
These appear to be successive storn beaches left by a rcceding sca. Thoy arc
planted with coconuts. Thorc arc also a nunber of isolnted patches of sand lying
on an arc passing slightly to thce west of Ndundu-taown. Thoso arc probably rennantis -
of carlicr storm-boaches. They lic four or five feot above the surrounding alluvius,

Nonc of these sandy soils is suitable for irrigetion.

SLNDY CLAYS HARDENING ON DRYING

In two or threce places in the Rufiji valley thore arc grey sandy clays which
beeone very hard on drying, without shrinking or cracking. Only onc pit was dug,
R12 ncar Mayange.

The stretch of soil in which this pit wes dug is mostly level and below the
higher peak levels of the Rufiji floods. At onc point, however, it rises to a low
hillock which is above cven the highest flood levels. This hillock and the prescncc
of considerable quartz gravel in profile R12 show thet this soil is not alluvial.

It is formed on a picce of the local sandstonc (? Jurassic) which hzs been nearly
lcvelled by crosion and which will cventually be buried by alluvium brought down by
the Rufiji,

PROFILE R12

Location About onc mile south-cast of Mayenge.

Parent material Jurassic sandstone, or derived colluvium,

‘

Tornography Level,
Drainage _ Very poorsg éoil almost imporviousl Flobded from river
' occasionally but not deeply. .
Vegétation Thin grass, with scattered trces and shrubs, including Hyphacnac sp.
0= 3 cﬁ. Dark grey sandy loan (10 YR 4/1, dry). Massive, har&. Many

fibrous roots. Clcar boundary.

3 - 10 cnm. Brown claycy sand'(lo YR 5/3, dry) with strong brown nottles at
' top of horizon, descending in tongues into a groy sandy clay in
lower part. Massive; hard. Fow fibrous roots. Mcrging intos-

10 = 17 cm. Grey-brown sandy clay (10 YR 5/2, dry) with many coarse quartsz
grains. Some concrctionary iron and mongancso. Very hard; not
cracking on drying.

17 - 45 cm, Grey-brown sandy clay (10 YR 5/2, dry) with a fow, fine rusty
mottles. Concretionary cnleiunm carbonate (to 5 mm.), iron and
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mangancse; coarsce quartz grains, HMassive and very hard; not
cracking on drying. o roots.

45 - 190 em. Similar. Carbonate concrctions to 15 mm. Iron concretions (with
mengancse) to 5 mm.  Coarsc guartz grains to 3 mm. Becoming lcss
hard in lower part of horizon. :

This soil is most unsuitable for cropping. It iz very impervious to water, is
strongly alkzline (pH veluc of 10 ot a depth of 2 fcet), hes a high salt contont ond
hos a high provortion of sodium in the oxchonge comploex. The high salt content cnd
the high exchangeable sodiun arc probably the result of long-continued svaporation at

he soil surface of water rising from o wetcr~table within the profile. The wetcr-
table was not rcached in this pit {dug to 130 cm. in October) but it is probeobly much

higher when the Rufiji is in flood.

If the woter-table can be kept low by control of the level of the Rufiji it
should be possible to improve this soil by prolonged leaching with water alone, since
the soil contains froe calecium carbonate. The process is likely to be lengthy owing
to the present impervious nature of the soil, '

- A fow ycars ago several acres of this soil wore tractor-ploughed and planted with
rice. It was said by the local villagers thot the rice appeared to grow normally but
gave a poor yield. The soil soon reverted to its hard, impervious state.

" COMPOSITE PROFILES

Changes in the course of the Rufiji have often resulted in changes in the kind of
elluvium deposited at a particular point. Any of the kinds of alluvial soils alrcady
described arc liable to be buricd by another kind. A nunber of thesc "composite soils"
arc shown on the map, c.g. clay overlying mbaraguwila, mbaragwile overlying sand, cte.

For practical rcasons, if tho upprr layor of a composite scil was thicker then
18 inches, the lower layer was ignored and the soil was classcd as belonging to the
group to which the top 18 inches belonged. If +the upper layer was less than 6 inches
in thickness, it was ignored and the soil placed in the group to which the lower layer
belenged., A conposite soil shown on the mep indicates, thercfore, botween 6 and 18
inches of the unper goil overlying an unspccificd depth of the lower. icre is o fair
enount of latitude about these thicknesscs since cach auger boring had %o represcnt a
considerable arca of lond in which the thickness of the soil leoyers noy vary apprec-
iably, '

A fow soils which had three different kinds of alluvium in the top 16 inches were
fitted into the two-layer soil vhich they sceomed most closcly to rescmble.

The buried layer in a compositec profile usually rcieins most of its criginnl
propertios, including sometimes o higher orgonic matter content than the overlying
soil. This is illustroted in profile R2, for cxemple, (p.90 ond toble 14) where
sondy horizon lying ot a depth of 45 to 80 oms. has less than o tenth of tke orgon
nctter of the clay horizon immediately below. (R2 is not, however, classcd 285 2
conposito profilc becouse the boundary between the upper sand and the lower olay 18 ot

o greater depth than 18 inches).

"
i

c
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A full description of onc typc of composite profile, clay overlying sandicr
material, is given below. This particular combhination nay be difficult to irrigate
successfully.,

PROFILE 158

Location Two milcs cast of Ndundu; on bank of Rufijis.

Parent matqrial Alluvium,

Topography Lovel.

Drainagg' Flooded for part of the wet soasoﬁ. Water table at 115 cg.
in mid-July.

Veagetation Tall grass (Hyporrhenia sp.) with scattored trees.

0 - 15 cm; Very dark brown clay loam (10 YR 2/2, moist) with a fow, fino

orange mottles. Strong, finc crumb; very hard when Ary.
Merging intos-

15 - 30 cm. Very dark grey clay (10 YR 3/1, moist) with 10% finc orango
nottles. Strong, coarse subangular blockys; vory hard when
dry. Merging into:-

30 - 45 cn. Fine sandy clay mottled dark grey (10 YR 4/1, moist) and yellow-
brown (10 YR 4/4) with fewer, finc, strong brown mottles. Weak,
medium granular. Friable and morc porous than above. Merging

into:-

45 - 15 cn, Brown clayey fine sand (10 YR 5/3, moist) with modium, dark ycllow-
brown mottles. Massive, but very friablc and porous. Merging
intos - :

75 - 115 cn. Dark grey-brown clayey fine sand (10 YR 4/2, moist). More

nottling thon previous horizon, Water standing at 115 cm.

Soils such as this, and soils with an cven thinncr layer of elay overlying sand,
can be cropped under the existing regime becouse during the wet scason, whon the crep
is grown, thc water-tablec Tises in the sandy lower layer and maintains the upper clay
layer in a moist condition, The crop can obtain sufficiont nutricents from the top
horizon of clay, even when the under-lying sand is of low fertility.

If, however; the Rufiji werc controlled and the water-table wore kept at o low
level, 2ll the water for the crop would have to comc from surface applications,
irrigation water alonc in the dry scason and irrigation water and rain in the wet
scason, This water will pass only slowly through the clay but, on rcaching the
underlying sand, will drain rapidly to greater depths, possibly out of root range
of thc crop. The profile os a2 whole will be able 4o storc only a small omount of
“watcer within the crop's root-range. To keep the crop cdequately supplied moy
necossitate watering at inconveniently frequent intcrvals.
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LAND CLASSIFICATION

The seme classification is uscd in the Lower Rufiji Land Suitability Meps os wos
uscd in those of Usangu and the Kilombero. Once again it is assumcd that complcitc
control from flooding by the river has boon obtaincd., At present almost the ontire
velley is flooded in yecars of high rainfall.

The Land Suitability ilaps arc an attenpt to show the suitabilify of tho-snils for
irrigation. The west end of the flood plain is much disseccted by old river-bedss
parcels of good lond lying amongst strotchos of sand nay prove to bec too isolated for
cconomic development.  On the whole, howover, therc arc fow inaccessible arcas of
good land and ncarly oll suitable land appcars to be capable of incorporation in an
irrigotion system for the valley. ' -

The sandy lecvées prescentcd some difficulty in classification since they range
from coarsc sand at the top of the bank, ncarcst the river, to a loam at their boundar
farthest from the river. The solution adopted was to separate a strip 200 to 300
yords wide on the side noxt to the river (or old river-bed) and put this in Class 54
as not rccommended until further examination has shown it to be suitable for irrig-
ation. This strip should includec most of the coarscr-texturcd soils of the levée too
porous for irrigntion ond also possibly out of command of the supply canals. Tho
remainder of the lovée has been put in Class 1 since it includes the fertile zlluvial
loans.

It should be rcaliscd that the boundary down the middle of the levée will in most
cases be more irregular then that shown. In places; whero the river regularly over-
tops its banks, thc sandy zone will be wider than 200 to 300 yards; in between such
places it will oftcn be nuch loss. It is hoped that the dividing linc, while not
showing the cxact boundary between the two parts of the levéo, will divide it into
approximately the right proportions of land suitable and unsuitable for irrigation.
Below Mpanganya in the proecnt coursce of the Rufiji, and in the delta arca, there is
1ittle deposition of sand on the river banks so the levées have been put wholly in
Class 1.

A considcroble arce of the better soils of the vaelloy is uscd at present by the
local pecople, particularly in the castcrn part of the wvalley, bclow Utete. - The chiof
¢rop is rice, grown during the wet scason and watored by the natural floods. In the
delta this flooding comcs fron ponding of rain-water but in the rest of the valley the
flooding is moinly from the river. 1In years of low rainfall there is little flooding
end the crop is a failurc, particularly in the low rainfall belt around Iftanza.

Cotton is also grown, cspecially in the upper part of the valley. The sced is
Sown on the lower ground on the lovées as the flood water rcccdes and the plents top
the descending weter-table for their water sunnlics. The crop receives little dircct
rain since it is not planted until ncar the cnd of the rains, -

The introduction of flood control would destroy the present agricultural "system

cxcept on the delta, and irrigation would have to be introduced sinmultancously with
the beginning of the flood control,
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ASSESS'ENT OF TEE SOILS OF THE LOVER RUFIJI VALLEY

In cescssing the soils for their suitability for irrigation it has been assuned
thot flood cortrol will be achicwved, = In most of the valley this will result from
cortrol of the Rufiji River and its tributarics but surface drains will be nceded on
the delta to take away oxcoss_rain—water.'

Wis

The reasons for the assessmonts nade of the soils shown on the soil maps arc
given below. Ve g

Cocrse sands of river beds (M)

Class 6 - unsuiteble for irrign \tion owing to high perncability and uncven
surface,.

Sendy soils of river banks (B)

It has already been cxplained, oarlicr in this scction, that these soils have
been divided into two classcs in the land suitability maps. In the western half of
the va lley o strip 200 to 300 yards wide on the side ncarest the river (or former
river) has been considored as Class 6, unsuitable for irrigetion, on account of sandi-
ncss and an uncven surface. The remainder of the soil area in the western half of
the valley, and all the soil arca in the castern half, has been put in Class 1. s
These soils arc highly fertilc, of good water-holding capacity and are well-drained.

A

Looms and heavier soils of river banks (Be)

These are Class 1, like the better parts of tho.sqil of the-predoding paragraph,

Alluvial clay (X)

From Mpanga down to Ndundu, whore the ucltu bcwlnq, thesc clays are put in Class
1. They arc of good fertility, contoin strota of sand to assist the drainage and

rorcly contnin any salt or alkali.

On the delta the clays arc not so well-drained and tend to be slightly affected
by selt or zlkoli. These arc_put in Class 2. :

Snall areas of cl 2y on the (Cltu bulievo& to be nmore scfiously affccted by sclt
arc put in Class 5, as rcquiring further attention. ‘ B

Alluviel clay mixed with sondy colluvial material (Ks)

This c¢lay has o pooror structurc than the purc alluvial clay so is downgraded
to Class 2. 2 '

Alluvizl clay overlying scdentary sond (KS)

This has been put in Class 4. The unuorlying sand’ does not scen to be very
perneable, otherwise the soil would have been in Class 6.
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s1luvial clay overlying cocrsc sond (KIM)

wharogwila overlying coarsc sond (BM)

These +wo soils arc both unsuitablc for irrigntion, Class 6, since the under-
lying sand is vory porous and they have an uncven surface. '

Alluvial clay overlying mbaramwila (KB)

Class 2. Tho mbaregwila in tho subsoil has a rcasonable water-holding capa—
city, but the change in texturc down tho profile is a disadventage so the soil is
down-graded from the Class 1 of the deep alluvial clay.

Comnlox of alluvial claoy and mbaraswila (K + B)

Each conponent would be Class 1 on its own but in a complex, in which norcover
therc arc usually slight surface undulations, the soil is downgraded to Class 2.

Saline soils (4)

Sandy soils formcd from sandstoncs eic. (8)

Sandy clays hardening on drying_(P)

A11 thosc soils arc Class 6, unsuitable for irrigotion, on account of salinity,
alkalinity, low water~holding capacity otc.

ACREAGES OF IRRIGABLE LAND IN THE LOVWER RUFIJI VALLEY

Tablo 9 gives the acrcages of the six Land Classes dn the Lower Rufiji Valley.
The figurce for "irrigable lond" compriscs Classcs 1 to 4. Classcs 5 and 6 oro con-
sidered as non-irrigablc.

In measuring the arca of cach class most of the saline soils of the delta and
most of the sandy non-alluvial soils bordering the vellcy were greludud since thesc
soils arc of no valuc for irrigntion and sincc the arca of thesc soils zhown on tac
soil map gives no indication of their actual oxtent.

From the isohycts shown on the Lond Suitability Map it will be cnen thot the
soils of Sheet 1 rcccive 30 inches of rain o year or less. On Shcet 2 thc raind
rangos from sbout 30 inches in the west to 40 inches in. tho cest. On Sheed 3 th
roinfall is over 40 inches. The positions of the isohycis arc approLintic onuy
in any casc arc average figures and variations will occur from yecar to ¥e«=Te
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Table 9, Acrcares of 1-nd of the differont suitability classes in the Lower Rufijg
Valley . ... P
Sheet 1 Sheet 2 Sheet 3 Total of cach elass
aeres %
Clase 1, acros 61,100 - 78,000 39, 600 178,700 42.8
Class 2, acres 1, 600 8,700 95,100 105,400 25.3
Class 3, acres - - - - -
Closs 4, acres - - 55 000 5,000 L2
Class 5, acrcs 20,900 6,100 1,900 28,900 6.9
Clzss 6, acres 45,500 23,800 29,900 99,200 23,8
Vatcr 18,500 10,200 5y 600 34,300 -
Suitable for ,
irrigation, S s u it ¥
acres 62,700 86,700 139,700 289,100 69.3
Unsuitable for ' :
irrigation, : ' - :
acres 66,400 29,900 31,800 128,100 30.7
Totol land : -
100.0

arca, acros 129,100 116, 600 171, 500

For Usangu and the Kilombero the acrecage
uished on the soil maps, ha

Rufiji and arc given below.
from sandstones and beach sa

clud:f-_:d.

417,200

s of the individual. soils, as disting-
ve nmot been caleculated owing to the large anount of labour
which this would have cntailed. These figurcs were, however, obtained for the Lower

The saline soils of the delta, the sandy soils formed
nds and the sondy clays hardoning on drying arc not in~

Table 10. Acrcages of the verious soils in the Lower Rufiji Valloy

Coarsc sands of river beds (M;
Sendy soils of river banks (B

Loams and heaviecr soils of river banks (Be)
Alluvial clay (K)

4lluvial eley with colluvial meterial (Ks)
Alluvial clay overlying scdentary sand SKS)
Alluvial clay overlying coarsc sand (K
Mbaragwila (B) overlying coarsc sand (BM)
Alluvial cloy overlying mbaraswila (xB)
Complex of X and B
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acres

36, 600
101,800
179,900

55300
1,300

23,400
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DEVELOPIIENT OF IRRICATION IN THE LOYER RUFLJI

In wet years practically the wholc of the irrigable land in the Lower Rufiji is
flooded. The present population depend on the natural flooding for their rice and
cotton crops and prevention of flooding would destroy their agricultural systenm.
Irrigation in the Lowoer Rufiji is thercforc all or nothing,

Control ard storage would be obtained by = dam at Sticglor's Gorge (sec Volume
III of this Report). Irrigetion would be mest apprccioted in the low rainfall zone
in the upper part of the valley but here the population is low. On the delta thore
is a high population but, with over 40 inches of rain a year, little demand for irri-
g&tion.

A fairly compact arca of irrigeble land cxists between Kwangwazi and Mtanza.
From Loge~-Loge downstrecam the irrigable land is practically continuous.
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PAWAGA
INTRODUCTION AND MAIN FEATURES

The arca covercd by the Pawaga soil roconncissance nmap includes the lower reaches
of tho Littlc Ruaha River and the valley of the Great Rucha River from just above its
~onfluence with the Little Ruaha to its conflucnce with thce Kisigo River. Tho writer
risited the arce in 1957 but lack of time prevented him from noking any general ro-
comeissance., The soil map and most of the soil descriptions have been produced by
C.A. Valdron, of the Tanganyike Department of Agriculturo.

The flood plain of the Great Ruche is zbout 2 miles widc above its conflucnce
with the Little Ruazha Lut incrcascs to about 7 miles wide at the conflucnce and for
2 fow miles below. There is no definite point at which the two rivers mect. The
Little Rucha splits up into o number of channcls and loscs its individuality before
rcaching the Great Ruaha.

Below the arca of conflucnce of the Little and Great Bucha the flood plain
graduclly decrecascs in width to under 2 niles but increascs agein vhore the Kisigo
River comcs in from the west. The width here is not known os the northorn boundary
128 not been determined.

The ground riscs gently from cach side of the flood plain. On the south-cast
this gentle risc ends in a steep cscarpmont rising to the Uhche highlands. On the
rorth-wost side of the valley the risc lcads to rather featurclcss undulating country
at no great altitude above the vallcy floor.

The Great and Little Ruaha arc permanont rivers. The Kisigo drains a dry part
of Tanganyika and is only scasonal.

Aftor its junction with the Kisigo the Great Rucha turns cast and cnters a gorge
ot Mtera, o fow miles further downstream. To the north of the river betwcen tho
¥isigo and Mtera therc is a tract of flat country callcd the Logi (or Chipogoro)
plain. This plain cxtcnds about 20 milcs northwards from the river and is about 12
niles wide at its southern cnd but repidly diminishes to about 8 miles wide further
north. The plain is traverscd from north to south by the scasonal rivers the Bubu
and the Fufu which drain an arca with a 20 inch or lcss annual rainfall.

Time did not permit any cxamination of the Logi plain. It sccms probable that
there will be a considereble cxtent of alkalince and salinc soils on the plain, as
therc arc in the Pawaga arca, but some investigation to confirm this purcly theorct-
ical decduction is desirable.

SEQOLOGY

In thc Uhenge highlends to the south-cast of Pawagn and in the country to the
north-west of the arcz thorce arc predominantly foliated granitic rocks, with dykoe
rocks which arc mostly dolcrites and pyroxcnc appinites EE.G. Haldeonann, verbal
conmunication). The soils of the lower slopes bordering the flood plain are probably
develoned from colluvial matcrial but this is in turn derived fron the rocks out-
cropping further up the slope. On the low hille in the valley, such as that on which
Kimonde stands, the soils appear o be dircctly dorived from the scne granitic and
dyke rocks, judging from outcrops of cach which are visible at Kimande. The alluvius
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of the flood plain will bo mainly derived from rocks in the higher rcaches of the
thtlo and Great Ruaha Rivers.

CLTUATE

Pdwaga lics in the rain shadow of the Uhche highlands and suffers a low and
crratic annual rainfall, The average ot Kimande is 16 inches but this has varied in

10 yocars of rccords between T.34 and 22, 54 inches. This rain falls in the period
Decomber to April. '

The altitudo of tho Pawe ga plain is only 2,300 fcet above sca level and high
tomperaturcs prevail, particularly in thc period October to Decembor. Therc arc no
temperaturc reocords from Pawage but rcadings have been made at Mtera, just outside
the arcay for 2 yecars. In this timc 98°F has boen rccorded on scveral occasions and

99°F oncec.

ALLUVILL SOILS

Waldron has divided the zlluvial soils into two groups, the Recont Alluvial
Soils and the Old Alluvial Soils. The prosent vogetation was the basis of this div-
ision. The "Rocont" soils support o fairly good vegetative cover, with numcrous
woell-grown Acacias and cvergrecens. On tho "Old" soils the vegetotion is sparscr and
consists largely of stunted Acacias and halophytes such as Salvadora pcrsica.

Roocent Alluvial Soils

These occupy belts onc to two miles wide along the prescnt courscs of the Grozt
and Little Ruzha Rivers. At the junction of thesc rivers there is a widening to an
arca aobout 5 miles wide and 7 miles long. There is another widening at thc con-
fluonce of the Kisigo and Grent Ruzha Rivers but only part of this arca is coverod
by the soil map.

The rccont alluvium consists of a complex of soils with toxturcs ranging from
sand to clay. The sand occurs as long narrov strips, often standing onc to two
feet above the surrounding land, as in Usangu and the Kilombero Valley. No eanalyses
arc availablc but the soils arc alnost certoinly similar to the nlluvial sands; sandy
loams, loams and rccent clays of Usangu ond the Kilombero. :

A rathor badly-orgeniscd irrigation schome cxists ot Kimande. Rico is grown
undor notural flooding, with supplcmentary irrigation from o furrow when required.
A now scheme is now being planncd by the Hater Development and Irrigation Department.
This will bec further un the Littlo -Ruaha. Crops other than ricc arc grown in the
vicinity of Kimande and Iscrc on higher sites not subject to flooding, or only
occasionally flooded. The higher sites tcnd to have the sandior soils.  Patchos of
Loacina forest, again usually on the highor sites in the alluvium, supply timber and
shado in what is on the wholc an arid and inhospitablc troct of countiry.

Control of tho Littlc Ruaha would produce o considerable arca of land suitable
for irrigotion but in the abscnce of a topographic survey it is inpossible to furnis:z
any cstimate of just how much. Probably control of the Little Ruaha would freec lcss
than half the total arca of recent alluvium from floods and the Greot Ruzcha would
also have to be controlled to frece the remainder,
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Even when freed from'floods a proportion of this rocont alluvium will be too
sandy, or too dissccted by old channcls, for irrigation. The renainder, ond greater
nort, will be very suitable and is the best land in the arca coverced by the soil nap,

Older Alluvial Soils

Noarly a1l the older alluvial soils lic on the lofd (west) tenk of the Grea
uaha. Waldron, basing his opinion on the vegetation, considers thot the soils arc
probably salinc. The soils arc gencrally clays and sandy clays and gave him more
the inprcssion of "Flains S0ils" or "Haordpan soils" than alluviun, They arc more
conpacted and intractablec than thosc of the "Recent" alluvium. In the abscnce of
any further information it is impossible to asscss thesc soils with any certainiy.
They will almost ccrtainly roquirc rcclamation. - ¢ gz

Tho topography is level and favourable but the land is much dissocted by old
woatcr-courses.

NON-ALLUVIAL SOILS

Red and brown sands and sandy loams

Light brown and pgrcy sands and sandy loams

Thesc sandy soils arc found on the hill slopes bordering the valley and on isc-
latcd low hills within it, the soil boing formed from the underlying granitic Tock.
In placcs some movement of the soil may have taken place but tho soil is alwnys sono-
whet raised above its surroundings. The red and brown soils occur on the better-
draincd sites and the light brown and grey soils where the drainage is poOOT.

The fertility of thesc soils is probably low but no profiles have been cxanincd
or samplcs analysed. The red and brown soils arc likely to Dbe the more fertile but
are on higher ground and so topographically unsuited to irrigation. The light brown
and grey soils arc more likely to be under command by the irrigation water but will de
the poorer soils and are 1ikely to be affceted by salt and alkell in placcs.

These soils cannot be considered as suitable for irrigation. Waldron considere

that they are best utilised for grazing.  Where topography allows, water sprcading
might bo introduced to improvc the grass growth.

Dark grcy clays with some admixturc of coarsc sand

Waldron describes thesc soils as dark grey to almost block compact clays, with
oftorr o fair amount of quartz particlcs but nod sufficiont to justify the term "ganaf
clay". They mey have been alluvial in origin but if so hove been gonsiderahly
altcred since formation. S T ;

The soils gencrally occur at the foot of slopos, jus?t above the alluviume Rite
one small exception this s0il is all in a strip on the right bonk of the Ruchay

strctching for about 15 miles downstrcam from Kimande.
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Samples from sevcral profiles cxamincd by Yaldron werc anaolyscd by the Govern-
pont Chemist in 1958.  All thesc soils showed oxcessive salinity and nany were
alkaline as well. As might be expocted,; the worsc soils arce 4hosc lower down the
glopc. Figurcs for two of the profiles arc given in Tsblc 11. Pit II rcpresents
the salino/alkali soils and pit XI the less alkaline but still saline soils from
higher up the slopc. ‘

Table 11. Conductivity and cxchanpenble sodium percentages (ESP)

for two clay profilcs in the Pawaga arca

Depth Conducty'. . Exch. Exch. sodiun

(inches) pH  of S.Bses 020> capocity
m.mho/cn. 3 n.c.% m.o.% ESP

Pit II | | ,

0-12 8,0 5 . slight 59 21.8 37
12 - 24 8.0 14 o 80 22,3 28
24 - 36 8.2 11 " 19 23,1 29
36 - 48 8.7 10 o 63 © g 34

Pit XI , , ' _ _ :

0-24 8,4 0.5 slight . 31.3 0.9 5
24-34 87 08 " 30.9 3.6 12
3 - 46 1.6 8 " 30.0 4.8 16
46-5 7.8 9 " 30.4 5.8 19

1

The soils contain calcium carbonate and could theorctically bo roclaimed by
locaching nlone. With their high clay content this leaching would be & slow process,
particularly for soils like pit II with a high cxzchangeable sodium. The higher-
lying soils such as pit XI only rcquire the removal of soluble salts and arc slightl;
sandior in texturos thoy could be morc casily rcclaimed. The provortion of the lc:
alkalinc soils in the group s a whole would have to be determincd beforec ony recon-
mendations could be made.

Topographically these solls, which lic on a slight slope and arc above the Ruak:
flood lovel, arc well suited to irrigation though tho cross-drainage of watcr runnin.
off the Southern Highlands escorpment to the south-cast will ercatc engineering proo-
loms. With their high clay content, howcver, they will ncver be casy soils to work
Their present fertility status is probably low, owing to their poor vegetation cover
and to overgrazing, ond would rcquire building-up before the soils would give good
‘results. Owing to the unproven possibility of reclomation these soils must be
classified as class V land. '
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—S— :i:ht_colcurod sandy clays are a common soil in the arce cxaminecd. Somc-

:;.':i;; -ws overlein by 2 shallow loyer of sandier nmaterial (a red, brown or groy
et oe peniy 102n); clso soils intornediate in texbturc between thesc sandy clays
EF oty w-r.iy loams (BG on the map) arc fairly common. Thosc soils arc probably

1l.wi.y ir origin and 1lic below ‘the sands and sendy loams on the slopes and above
o cl-ys ot Tac foot of the slope.

rzfile described below was oxanined and sompled by the writer in 1957 and

Y é;:—c? =ix in a 500-acTe plot about half a mile to the cast of Kimandc. This
apce 45 ShOWEL OS B1/A on the map but the dark clay (&) was not renched in any of the
its, Tao soil is illustraeted in figs. 33 and 34. -

+

ocntion About & mile south of Kinonde. -

Parcrt mntcriol Alluviun.

Flood plain. Flat with minor undulations (? zilgai)

£QporTaphy

rrinase Very poor. Site subject to flooding.

Verctntion Dense thornbush, chiefly Acacia kirkii. luch bare.ground between
and under the trecs. — '

0 - 15 cm. Grey clay loam (10 YR 5/1, moist). - Strong, medium sub-ongular
blockys hard whon dry. Fow Dorcs. Grading intos—

15 = 35 com. Grey cloy (10 ¥R 5/1, nmoist).  Coarsc subangular blocky; VOIY
hard when 4ry. groding intot~ .

35 - 100 cm. Grey clay (10 ¥R 5/1s moist). Woak, coarsc subangular blocky

to massivey very hard and compact. A few whito concrctions.
Grading intos- - : :

100 ~ 170 cm. Grey clay (10 YR 5/1, moist) with o little strong brown staining
along roots. Massive and compacts VOry hard. Common white
concrctions (not calcarcousy pcrhaps gypsum). Grading into:-

170 - 190 cm. Light grey clay (10 YR 6/1, moist) with comnon fine pale brown
mottles. Weak, fine subangular blockys conpact and hard.

: Whitc concrctions as in preccding horizon.

Most of the six profiles sompled wexe both saline and alkalino (sce onalysis

of profile 235 in table 15), The salt is the moxe sorious and in profile 235 is

present in harmful anounts Irom 35 cm. depth downwardss the cxchangeable sodiun

oxcecds 15 per cent of the total cations at 170 om. depth. - The soil has very little

organic matter (0.6%) put o feirly good availoble phosphorus. Calciun and potessiv®

arc adcquate. There is calciun carbonate throughout the profile and leaching wouli
inprove the soilj vut with 50 per cont clay and about 10 per cent sodium in mos?® 0%
the profilc the rate of lcaching would be very lowe

Sp——
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Profile 232 (table 15) was tho best of the sixz profiles and this soil was uscd
occasionally by the local peorle for rice-growing. The soil is slightly lighter in
texture (30% clay) and contains no harmiul anounts of sodium or of salis. Orgonic
matter is still very low (0.85%).

A proper evaluation of this s0il would nced o ruch morc oxtensive nctwork of
sanples. But on the evidence available nost of the arca marked Bl on the map is
affectod by salts and by alkali in the subsoil;y thc soil is very imperncable and
improvenment of the soil would bc a slow process. Even aftor lcaching the soil will
be intracteblec until the organic matter has been built up.

To the north of the Great Ruacha there is a considerable arca of light-coloured
sandy clay shown as "B" by Waldron, i.0. not obviously affcected by salt or alkali.
If this estimate is corrcct, these soils should be bettor +han thosc near Kimande but
there arc no analyscs to confirm this.

There is a fairly common veriant of thesc sandy clays which Waldron describes &s
"a grey to light grey sandy clay with oftcn a densc covering of qunrtz stoncs on the
surfaco and within the top 12 inchos. The stoncs arc subengular and up to 5 inchces
acroags", A pit ncer Kimonde was cxanined by the writer im 1957. hie stones sug-
gested that the soil was scdentary or only pertly colluviel. At Kinande the soil
occurrcd on tho lower slopcs of a low hill capped by sandy loams. The rocks out-
cropping appecarcd to include both the granitic and the dyke rocks and the differcnce
in texture between the sondy loams and the sandy clays might be the result of differ-
onces in parent rock., Hore likely, however, the differcnce is duc to a catenary
development with perhaps some movement of clay particles from the sandy loans to the
sandy clays below them.

These soils arc all shown as B 1 S by Waldron implying that they arc selinc.
This is confirmed for the profile at Kimando (profile 236, wsoc table 15) which is
saline fron 30 cm. downwards and alkaline from about 100 cn. downwards.

To summarisc, on the evidence available most of thesc light brown and groy soend;
‘cloys regaire some measurc of roclomation. Even when Teclaimed they will be diffi-
cult to work unless the organic matter can be incrocsced. Experiments would be reo-
quired to discover whether reclamation would be ccononmic and in the mecantime the
soils must be considered class V land.

Brown and rcd-brown sandy clays

No onclyscs arc aveilable for these sandy clays but Waldron considecrs they tre
likoly to be less affocted by solinity than the light brown and grey sendy cloys.
This cstimate is bascd on the vegetative cover, which includes fewer halophytes than
that on the lightcer-colourcd soils. No asscssment of their potentizlity con be mad
until somc szonples have been exemined.

Sandy clay loams

Theso arc indicated on the map by the symbol DC.  Again no analyscs arc avail-
ablc but the soils arc less likely to be affocted by salt and alkali than the sandy
clays. Thoy have; morcovcr, & Tore favourable texturc if leaching is roquired.
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d is thus suitable-topographically for

The soil usually lics on gentle slopes on
¢ commandcd from

irrigation. Though rather high above the vnlley floor it could Db
the Little Rucha River. The nuncrous drainoge lines and guliics running across
ocourrcences of this soil will be a complication in laying out on irrigotion schenc.

Oncc oeein, no asscssment of irrigation potcntinlity caon be made until some
e} ] o

analyscs bocome availablo.

i S 4 1.«

et

~K~ 7829

T B B o e



APPENDIX I - 115 -

METHODS USED IN THE EXAMINATION AND ANALYSI§ OF THE SOTLS

Profile descriptions

- The meanings of the terms used in the =oil profilc descriptions are those of the
U.S. Soil Survey Mamual (1951). The colour names and symbols arc those of the
Munsell Colour Charts. Textures are judged by the feel of the moist soil in the
field. The +terms used to describe the extent of motiling are as follows: -

few — less than 2 per ccnt of total surface.
common — between 2 and 20 per cent of total surface,

meny - over 20 per cent of total surface.
For describing the size of individual mottles the terms arei-

fine — less than 5 mm. in diameter.
medium ~ between 5 and 15 mm in diameter.

coarse — over 15 mm in diameter.

For other terms the feader is referred to the U.S. Soil Survey Manual.

Methods of analysis

gg value

Determined with a glass electirode on a 1:2.5 suspension of the soil in water.
The suspension is allowed to stand for one hour, with occasional stirring, beiere
measurement. '

Organic carbon

", Walkloy and Black's wet oxidation méthods - A corroctionifactor, assumifig 80 per
cent recovery, is applied.

Total Nitrogen

By Kjeldahl digestion, with sclenium as catalyst. The clays are @ifgn 2 pre
liminary soaking in distilled water, according to Bal's modification of un2 m&el

Avgilable phosphorus

By extraction with O.3 normal hydrochloric acid. 4 1:2,5 mixture of soil and
acid is shaken for 2 to 3 minutes and then filtered. The phosphorus 1r. ?. :
is determined colorimetrically. The result is only a rough indicatiocr of =
able phosphorus but other simple methods have not been shown to be better.

LV B ] -
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Exchangeable cations S . -

The soil is extracted with normal ammonium acctate having & pH of 7.0. 250 nl.
of cxtractant are used for 10 g. of the heavier soils or 20 g. of the sandier soils.
Tf salts arc present in the soil thesc are removed by washing with 40 per cent alcohol
iefore extraction. In the solution obtained by thc cxtraction calcium and magnesium
.rc¢ determined by precipitation with ammonium oxalate and 8-hydroxyquinoline, respect-
ively manganese by oxidation with periodatc and sodium and potassium with an EEL flame
chotonmeter. =

The cation exchange capacity is determined by distillation of a suspension of the
ammonium-saturated soil with magnesium oxide. This gives satisfactory results with
caolinitic soils but gave too low a rcsult with some of the Rufiji Basin soils, pro-
sably because of fixation of the ammonium ions within the lattice of the clay. This
is one possible rcason for the total cations often cxceeding the cxchange cavacity.
The other is that the capacity was determined on the soil saturated with ammonium at
pH 7.0, whereas thc total cations werc cxtractcd from the soil at its original pH,
which was often higher than T7.0. The oxchange capacity at pil 7 is less than that at
oH 8, for cxample.

Tn the case of calcarcous soils, calcium and magncsium werc extracted with normal
sodium chloride, using two successive cxtractions and subtracting the figures obtained
for 4the sccond extraction from those for the first.

The vercentage saturation is, of course, the proportion of tho cxchange capacity
which is occupicd by the metallic cations. :

It was not possible to complete the cxchangecable cation determinations on all the
soils in time for this rcport but it is not thoughtthat the missing figurcs, when ob-
tained, will affcct any of the conclusions reached.

Stones and Gravel

This is the material rctained by a 2mm. sicve, after rcmoval of organic nmaterial.
411 determination other than "stones and grawvel" ‘i8 done on the matcrial passing the
2 mm sicve. The soil is lightly pounded before sicving %o break up soil clods.
The softer iron and calcium carbonatc concretions get broken up in the process but
the harder ones are included in "stoncs and gravel".

Hechanical Analysis

The International Pipettc Method is usecd. The particle-size grading is thusgt-

Coarsc sand + 2 - 0,2 mm,” apparent diamcter
Pinc sand 0.2 - 0,02 mm, " .
S5ilt 0,02 - 0,002 mm, i L
Clay less then 0,002 mm, 1 i

The figurcs are cxpressed as porcentages of the air-dry soil. Dispersion is ob-

tained by 6 hours shaking of the soil with sodium oxalate solution. Occasionally, as
in the lower horizons of profile 253, this fails to sccure dispersion,; apparently duc
to ligh% comentation with iron oxides. In such cascs the silt and clay arc separated
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by repeated sedimentation and pouring off the remeining suspension, with sodium

carbonate for dispersion. In between successive scdimentations the soil is rubbed
with a brush.

Calecium carbonate is determincd by volumetric measurement of the 002 evolved on
adding acid. A Collins' Calcimeter was usczd.

Conductivity

In all samples the conducfivity of a 1:5 suspension in water is first determincd
as a sorting test. 1f a2 high valuc is obtained the conductivity of the saturation

exgract is then determincd. The figure is expressed as millimhos per centimetre at
257C.

=K~ 7829
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\PPENTIX 2. w STIE
GLOSSARY

;atena

Between the crest of a hill and the valley bottom there is often a succession of
10ils, each being affected in some way by those above it and in turn affecting those
relow it. This succession usually repeats itself on all similar slopes over a con-
siderable area, so long as geological, climatic and other factors remain the same.,
Such a succession is known as a catena.

vations

These are electropositive ions occurring in soil solutions and attached to soil
-olloids. The term "exchangeable cations" refers to those attached to the colloids
and has a similar meaning to the older term "exchangeable bases" but includes ex-
hangeable hydrogen ions.

Exchangeable sodium percentage (ESP)

This is the exchangeable sodium of a soil, expressed as a percentage of the total
¢xchangeable cations. 1In this report, following the recommendations of the U.S. Soil
Salinity Laboratory, soils with an ESP of over 15 are considered to be alkali soils.

wilgai Relief

This is a term describing a form of micro-relief which sometimes occurs in clay
oils subject to periodic wetting and drying. In the form in which it was seen in
Usangu and the Kilombero Valley it consists of numerous roughly circular depressions,

averal feet in diameter, These depressions are sevarated by a network of ridges,
iving a honeycomb pattern in plan. The height of the ridges above the bottomsof the
hollows varies from a few inches to a foot or so.

baraggila

This term is used by the Warufiji (the inhabitants of the Lower Rufiji Valley) to
zscribe recent deposits of micaceous fine sand and silt left by the river when in
.lood, It contains many unweathered mineral particles and is very fertile,

“iombo

This is a light deciduous woodland dominated by trees of the genus Brachystegia.
™ere is a ground flora of grass and herbs vhich is burnt in the dry season. fhere~
ver it is mentioned in this report the miombo had the tree B. longifolia as the dom-
inant species. Brachystegia boehmii was sometimes associated with the B. longifoliae.

;diment

Weathering processes in dry climatcs produce hills, or ranges of hills, with rela-
-vely steep upper and middle slopes but with a sharp change below this to a long gen-
¢ descent to the valley bottom. The effect is similar to that of an inverted cup

standing on an inverted sauccr. The saucer is the pediment. The pediment is often
"omewhat dissected by water-courses originating on the stecper slopes and running
:ross the pediment more or less radially with respect to the hill,
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A SUIRIARY OF THE PHYSICAL PROPERTIES OF SOILS
- AT FOUR LOCALITIES IN THE RUFIJI BASIN

. - as measured by the Physics Division of E,A.A.F.R.O.
Y

Roconnaissance samplings were taken to check the suitability of soil types des-
cribed by Mr. B. Anderson. In most cases the corcs were taken from the pits whose
profiles he has described in detail. -

Lower Rufiji

Mtanza (Near Utete)

The vory complcx pattern of hcavy soils and coarse sands included: somc arcas of

soils good for rice growing, as was demonstrated by local practice and confirmed from

core studies. There were, however, shallow horizons of tight clay associated with
heavily channellcd coarsc sands, indicating strong lateral fArainagc. Since this
would present difficultics in irrigation and render the areca unsuitable for the
quantitative watering studics for which it had been sclected, thesc soils werc net
further investigated.

Bohoro Flats

Rujewa Triasl Farm
Urunda Pilot Plot (Bohcro No. 2) 1955

iy
L

Percolation Rates Moisture Content . Maximum Moisture

. L (Inches per hour at Ficld Cavacity Content (% oven
;ét Depth through 3-inch (% oven dry wt.at dry wt. at 20 cm.
, corecs under 1/2 ) ; 1/3 atm. ten- tension)
inch static head) sion) '
I 0-3 in. 0.8 Fair 3 BV
At 3 ft. 5.3 Good 41 - 46

Bare soil, with some cphemeral grasscs; overgrazed. The surfacc soil is
a sandy silt over a subsoil of uniform silt loam, interrupted by horizons
of coarsc sand. The whole profilc is freely drained with many root chan-—

nels. Suitable for citrus and for many annual crops. Unsuitable for rice.

IT 0-3 in. 4.6 Good 37 . 46

Overgrazed barc soil ncar dry riverbed. Silty clay loam with horizons of
sand and fine gravel. Frecly drained throughout. Crops as for I,

TEL 0-3 in. . 0.1 Poor 32 43
At 3 ft. 2.6 Good 23 34
At 4 ft.
_ 6 in. 4.3 Good 29 35
Under hoavy grass cover, overgrazed and trampled. 15 inches of silty'clay,
=~ 7829
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?crcolation Rates lioisturc Content Haximum Moisture

. Inches per hour at Picld Capacit Content (% oven

Pit D . 4

No. opth through 3-inch (% oven dry wt.at dry wt. at 20 cm,
cores under 1/2 1/3 atm, ten- tension)
inch static head) sion)

IIT ©  severely puddled by cattlec, overlying 20 inches of silty finc sand with

cont. orange mottlings. Below this therc is tough cracking browm clay. A
possible rice soil; but drainage will be rather high. Cropping and
tillage will neced care to avoid puddling.

IV 0-3 in 1,9 Pair 32 39
% é £%, 0.6 Pair 12 16

i in. , :
E i 0.3 Poor 15 : 18

Under vigorous 6 ft. tall Chloris gsayana and Sorghum verticilliflorum Stapf,
Six inches of hcavy plastic grey-brown clay over 2 ft. of a stiff sandy loam
containing ‘much unweathered coarsc grit. This soil is of high potential
velue for field crops other than rice; crop scquence will nced care to main-
tain surfacc infiltration rates. '

' 0-3 in. 0.6 Fair - 36 38
At 3 ft. 0.3 Poor 22 24

Under vigorous grasses (6 ft. tall Hyparrhenis SD., Sorghum sp., and Chloris
gaxana}. A uniform brown clay freely penctrated by roots for the 6 It,
scen. ' This soil type is very suitable for rice and appears favourable for
cotton.

Mbarali Irrigation Sthomd
PO T piet P B R g s = e

Three soil types, scleccted by Mr, Brian Anderson, were corgc—-sampledz—-

Ly, Heutral Clays
R Grey-Brown Loams
III. . Alkaline Clays

~K~ 7829




62gL ==

.Hﬂ\msﬁ 26 .nn\mqﬁ 5 Amonoo ‘Ut {—Q) UOTHTTOOIEF UBOj
oG ' ’ %Ll sour1doooy TTBIUTTY UEBON{
Suttduex] AAroH JutTduel], 973371

epoTpuey  ATTNITTSUn JT ATprded s03el WOT4BIFTTIUT S3T OSOT TTTH TTOS STUL Qurgdrea; Ie1Je UOAD S0%3BI
WOTSSTUSURI] OAT3003JJ0 poutejox Trosdos Apues oys 3nq ‘pogoogro L{Suodis OsTT OIOH $03BI UOTIETOOLIO]
*MOTOQ UMOYS SOOUOIOFJTP T[eTjueisqns oyg oAtd $soJ0o oYf UT POUTRIUTEBU STHA UOTSUNG ofeuTBIP OTTUM
fgognuTw 0T UT SEOXP °*uw 9 UT UTBI JO UYOUT T JO WIO}S TBTOTITII® OXOADS B Sutk1ddy  *3S9] 1relutrey

*JutTduels ou J0 OT33TT JuTary TTOS UT STN 412 OTTFoxg

1
mm oTTUM 0T3380 £q @Oﬂmﬁwnw_hﬁﬁbwu: £OIT UR UT UONR} SBA PIZ OTIFOII  ‘DUTTIUEI] CLIHB) JO §30033E
|
esut £¢ o3 2 m.pw 9~¢ P.m 0%, w.w L = g9°1T — wﬁ.w e6 = Lt V9 o3 mv w19 = bt
. - (- G o} ¥ 2L — 6 T6*T - 2€°T 19 = 1€ €9 03 Q€ +F.€ — w9l
( 6 0% L i % GY*T = G2*T LG —9€ T9 0% Lz ST — w9
*sut ¢ 0% ma.m.am £=0 LT 0% 6 02 = G 9p*T - G6*0 TL - v¥ 2§ 0% 2¢ W —0 :
*(uoTsuoy “uje
GT 03 *uge €*0)(guted
*3TIH 0% *de) PIOTI) - (ountop TeiolL %) . _ it
IojeM OTQBRITRATR Ahsoﬂ\moﬂosH ut) * govdg oxog Aoaeﬁﬁ\mxv 1TIS + puss =TJ0H TTag
Io03 Lqtovde)n o3eIolg £91917) U0T3BTCOIJ SututeIq °20IJ LyTsuoqg ATng £e1) % Te10% ﬁ Jo madoq

“odfy TTOS STU3 JO SOTTJoxd oY} U9Liq0q 1LOAJOS(QO OIOM

sorqpaodord TIos jo ofuel opIM ¥  °3F G 1® STOAOT TNFUILY [OBIL O} uTdoq SOUTBA WNTPOS 31 OUTTES 30U oI

gsortyoxd oYy *g8TY oJ® S£940I UOTHBIFTTIFUT O00BIING °1J 9 03 ojenbope 04Tnb oIev. s01BI votTseTooxod 3nq

9003 € 09 g £LTuo pojexjouod sjo0x ‘Tood IOoUGBI ST UOTIBIOY esfero Lpues poriiou jordudo SUTATIONO
pueor Apues Jo sugoT KoxF ALavoy POTITHVILE OTABTIVA OIT OSOUY *(GIZ VUE ¥ic S0L1rJ0Id) wBATTD TRIATONu e




T

T T p— B T T Ly ST L

e s o B T T e ST

600), ==

(*sesnuTw

0T uT Jutrrres ,WIo}s, Youri~T ® Jo doueydeode 90f 03 %%09) Jood 04 ITRJ WOII PeTIva ocuridsudor TIBIUTRY

. ( ¥r0 Ly 9v*1T 159 of 11F 9 = "3F &
9°¢t 1A% 133 9-¢ M z . : . i
o : : 0°¢ Gl g2t PL €2 Mpw G~ *33 2
: (€€ 0°1T 61°1 08 9T ¥ 2 = ‘urg
1 g°e 9°¢€ 1J €-0 { : - s ' ;
N : ; (2§ T°01 le*t | 99 €2 *ut G-0
—~ ; : .
't (uotsuey
ruge ¢/T) (uotsues —
UoT)eITIIT *wo OG)
Ie31Je | uorsedTaar ﬁmEﬂHoP ,
sfeq G-plaegze feq 1 (anoy/seyour) T830% %) (ex3TT/8) _ *U02 TIO0H
. (seyout urt) " a3ey eoedg axog Lytsusqg . | LeTp + TURY . TTOg
sdoxo 01 9TQBRIIEBA®R JI03Bl POIVLY UOT4ETODIOJ BuTtutexg eodg ATng 3TTS % | TB0L ¥ 10 ygdeq

*1907 G 70 yjpdep © 0] POAIOSUO SIaM £100I Pue ITRJ ST UOTIRIOY *UCTIBITIIT
JoJ @1®nbape 8I® S99BI UOTLIBILTTJIUL *SUOT uMTpos JO ooussexd SuiseoIour ue ST 9Ie7} STUL MOTeg

*9997 G = ¥ 9SITF 8Yj UT L3 TUTTEBS JI0 UMTPOS
*D°V*5 oYy} uwoxJ e3eP TeoT}LTRuy ~ °jouvduwoo pue
18ITF OYg UuT JUuTT}g0W awos pue .300F 3SITJ
SMOYS STYJ *edoIe STY} UT UOT4eITIIT I0J TTOS

JO STOAST SNOILJUBD OU MOUS TOMFUTYORN 4<¢ SoTI0}BIOQBRT
sseTeIngonI}s SIadIep ST 4T 400 9 0} ¢ uwoxg *q90F €
o) uT §209yJo 100 gueld WOIJ SINGONILS IeTOUEBIZ OWOS
juejroduT 3S0ul AT, *(L1c a1t30id) WU O] Wioxg—-£aan,, 1T




628L -

*SOTAINOTIITP TTOs Aue £q uelyj IOYj}BI SHMOTF I9yjeoM Lxp £q pejTWIl ©q TITH Swayos sSTIY} 3BYY
JepTSUOO TTT3S I Sjueuyojeo BBUTY) 93} UT oSeuep 973280 POSROIOUT JO UOTIBAISS(H)I ITB JUSDLI B Pu® tsroam
1usUO]RO 87U} JO Apnis JI9UINJ I83JV *qSTy oq O3 Pu2a] [LTH SOSSOT UCTINTIISTD ‘TTCS J9339¢ JN SBOIER 9%

09 Iegen Juraq 04 peITInbex oq Leuw YOTYM STBUBD IoUTW SuoT JIeyjred 9} pue ‘speq-pues 0} oNp BESIOT YITY

*{0I3U00 STY} I0J 90TAdpP SuT3eOTPUT SIqEITRAR 388Q 9Y)} ST aovmmWopsq uot)E Tpex o1duts
pue deeyo ay] °SToUUBRYO dFBRUTEIP [JTA potrrddns Trem ST BOJI® 9yl 3nq fTeoT3TaI0 o Lew STTOSANL SUTTH[E UWOLZ
9Tqe} I931BM UT OSTI B PTIOAB 04 S83BI uoT}eITIIT JO TOIGuo) "o3eJTIIT 03 Lsee aq xonomot ¢fTrTM eyTondon Lpues
Yl IH Seom oy ‘SuTwrel TRITIMS pesu TIT4 BLJI® 87} JO SUWOS PUB ‘porppnd UaYM S89BI UOTIRIFITSUT S0BJINS

MOT oAT8 03 Spuej pues. eUTI JO uorqxodoxd ySty oyy °AIp uaym paey Lrea jes 0} puey STTCS 78BUF JO 1Y

*u0T4EPTIIT U, SI040BJ SUTLITUTT ©q 30U TTTH SCaTzAa uotyeyooxad

puE UOT1BILTTIUT ouj jusudoresep oyes jtuxad o3 YSnous MOT, 8JBy SONTRA UNTPOS BIaYY T3uoTSnIouo) TrJIauan

.woﬁ%ﬁdwrwaﬁ v& souegdaoor TTBIJUTRI In0d caey SARTO ©S8Y]

1
£ ( g0 1AL 14 9. it e £E 9 |33 9 -6
—~  xoxdde-sut {2 ‘43 9-¢ (
J . ( L*E 0¥ 8 G ve 1t 671 - - L= €
| .| Coe S 8 €71 Thi 69-2v | ¥6-Ge |1 € -1
xoxdde sut &2 °*3J €0 ( , ; ) ;
(. E°F Gy A P1 IR/AR Lot £8-6¢ 9¢=0T |*3F 1T -0
(ruye €/1) 122 gt1e 122 012 122 gl
£ytoedep PIoTd (eumTop T®30( %) ﬁmnpﬁﬁ\va *uoz FLOH
1e JIoge#M OTqBITBA® Anﬁom\mmaocH ut) oordg exod Ky Tsuo(l Le1y ++ pPuEg 1108
I03 Kptoede) oJderols Seq®) UOTLBTO0DI®J SututeI( 99T g 1118 4 Adpo%_ﬁ J0 tadag

*snoxo3Ta 30U uotgeiredon pue nmo& uotrjeI}euad 400y *sfeTo Lpues OUTTBX[2 SATSSEBU
I9A0 SUROT-ABTO pue sABTO umolq pue Load POTITIeRILE oapmﬂnwbhﬁmm.@mswﬂm SOTTIO0Xd) whAT) OUTTBAIV. *TTIT

ay-



194 =

Western Bohoro Flats (North of Utengule Village)

Site A. (U.3). 7 miles N.E. of Utengule. Highly impervious silty clay-loam,
rock-hard when dry and very difficult to wet, even under vacuum. Surface showed
extremely low rates of acceptance of heavy rainfall,

Site B. (U.4). 9 miles N.E. of Utengule. This soil is very similar to that of
Site 4, but has a slightly higher water retention value and rather better rainfall

acceptance. It is very impervious.

liean Values for core measurements.

Depth ' Moisture Content Inches available
at Field Capacity water between
(% over dry wt. Field Capacity

at 1/3 atm. tension) and Wilting Point
(1/3 and 15 atm.)

0 = 6 inches 32;8 : 1;18

B 3hs =1 ft; 6 in. 30.9 1.37

1 ft. 6 in. - 2 ft. 6 in. | 28.9 1;24

g ft; 6 in. - 3 ft. 6 in. 27.0 _1.86

Total in 3% foet. # _ 5;65 inches

These soils are physically suitable for skilful rice cultivation. Iocal
tribesmen are already growing over 2,000 acres of rice using extremely primitive

techniques and very low seeding rates.
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TABLE 12 - _-kbw.ﬂwnu OF SU1LS FROY THE USANGU PLAIN

7Pro— Horizon pH Organic Total Avail, Exchangeabls cations m.e./100 g. soil Stones _Mechanical of fine earth fraction Conduotivity
film oM. c H ofir ¥. Ta ﬂm Un K Fa Totnl Capac- Satn. and Coaras 115 Satn. Lab. Fo.
Yo. ity gravel sand esand 541t Clay Moisture CaCOy ext. axt,
[ 4 mg. % % a9 m-mhos __ m~mhoa
ALLUVIAL SAND
P220  0-15 1.0 0.42 0,038 11 1.9 3.8 2.0 tr. 0,23 0.11 8.0 6.0 100 0.6 54,1 27.2 6.3 9.5 1.2 nil 0.016 - H1441
15-35 7.3 0.35 0.022 16 1.7 5.1 2.7 nil  0.11 0.18 9.8 8.9 100 0.3 55.8 20.5 6.5 13.6 2.0 nil 0.013 - 1442
35-90 1.6 0,12 - - 4.3 4.0 1.8 tr.  0.09 0,17 9.4 6.5 100 2.5 70,7 17.2 3.5 6.9 1.1 nil 0.01¢ - 1443
90-120 8.9 0.00 - - 2.0 1.8 0.3 tr. 0.02 0,07 2.2 1.5 100 9.5 96.2 2.9 0.3 0.6 0.3 nil 0.034 - 1444
P243 0-15 T.3 0,62 0.054 11 14.0 6.8 1.5 0.04 2.1 0.3 10.7 11.3 95 0,2 5.4 68.6 10.8 8.7 2.1 nil 0.025 - N1829
15-40 1.6 0.42 0.041 10 13.5 5.9 27 0.01 2.3 2.3 13.2 1.4 100 0.1 - - - - - 0.04 0,027 - 1830
40-T0 8.0 0.26 - - 16.8 - - - - - - - - 3.8 - - - - - nil 0.026 - 1831
70-102 8.8 0.09 - - 11.0 2.3 0.4 0.02 1.2 1.1 5.0 4.2 100 0.0 1.4  T3.1 11,0 3.4 1.0 nil 0.030 - 1832
102-127 9.2 - - - 6.5 4.4 0.6 n.d. 3.9 6.8 15.7 15.3 100 0.7 5.1  42.9 27.0 20.% 3.4 0.12 0.134 1.3 1833
127-160 9.4 - - - 2.8 - - - - - - - - 7.9 - - - - - 0.03 0.065 - 1834
160-200 8.9 - - - 2.0 8,8 1.8 0.00 1.7 18.7 31.0 17.1 100 0.0 4.9 23.2 3.8 2.8 4.2 nil 0.109 - 1835
ALLUVIAL SANDY LOAYM
P225 0-15 6.5 0.73 0.072 10 1.0 6.6 3.5 0.18 0.47 0.30 11.1 12.4 90 0.0 32.8  21.2 15.5 21.9 2.5 nil 0.041 = 1552
15-30 6.9 0.64 0.051 13 1.1 - - - - - - - - 0.0 32,0 26.1 T5  31.3 3.0 nil 0.034 - 1553
30-60 6.7 0,23 0,030 8 1.3 6.0 6,5 0.06 0.10 0,24 12.9 9.5 100 0.0 42.9  29.7 8.8 16.0 2.1 nil 0.031 - 1554
60-88 6.9 0.03 - - 1.4 - - - - - - - - 0.0 51.6 29.8 6.3 9.9 1.5 nil 0.039 - 1555
88-140 T.3 0.28 0.022 13 1e1 9.5 5.9 0.04 0.14 1.55 17.1 14.9 100 0.0 28,3 15.3  19. 29.8 3.6 nil 0,087 - 1556
140-190  B.1 - - - 1.1 - - - - - - - - Similar to horizon 88-140 om. 0.084 - 1557
200-300 7.4 - - - 1.3 13,9 9.9 0.03 0.66 4.6 29.1 31.9 91 0.0 0.7 6.7 22.8 6.2 1.9 nil 0.194 - 1558
P247 0-20 6.8 1.57 0.155 10 2.5 6.8 4.4 0.15 1.18 0.43 13.0 12.5 100 0.0 5.7 37.0 27.5 23.4 2.2 nil 0.054 - H1534
20-50 Te1 0.62 0.078 8 0.3 5.8 4.2 0,02 0.42 0.37 10.8 9.8 100 0.0 - - - - - nil 0.037 - 1935
50-80 7.3 0.64 - - 0.7 - - - - - - - - 0.0 12.0 47.0 17.0 18.5 1.9 nil 0,065 - 1936
80-1c0  B.4 0.28 - - 0.4 6.4 2.4 0.04 0.45 3.1 12.4 8.7 100 0.0 - - - - - nil 0.329 4.0 1937
100-150 8.9 - - - 0.6 4.2 1.4 n.d.  0.48 11.1 17.2 11.1 100 0.0 0.4 15.4 43.5 33.1 2.9 0.14 0.684 8.3 1918
1502006 9.5 = - - 0.5 - - - - - - - - 0.0 - - - - - 0.1 0.947 9.7 1939
BS 0-30 6.6 1.27 0.099 13 1.3 8.3 3.1 0.10 0.65 0.3 12.5 14,2 88 0.0 2.0 36.1  30.8 26.5 2.6 nil 0.018 - H1789
30-60 6.7 0.87 - - 1.5 - - - - - - - - 0.0 - - - - - nil 0.019 - 1790
60~90 7.0 0.37 - - 0.4 4.1 2.4 0.06 0,32 0.65 7.1 9.4 82 0.0 3.2 40.5 29.3 22.6 2.3 nil 0.021 - 1791
ALLUVIAL LOAM
P42 0-20 6.6 1.14 0.089 13 0.5 9.7 2.7 0.2¢ 0.83 0.54 14.0 17.4 8o 0.4 7.8 11.4 36.0 37.8 4.0 nil 0.034 - w823
20-35 6.6 0.65 0.053 12 1.3 - - - - - - - - 1.0 - - - - - nil 0.035 - 1824
35-45 6.9 0,22 0.018 . 12 10.8 4.6 1.1 0,06 0.19 0.50 7.5 7.3 100 3.2 3.9 43.5 1.5 11.9 1.9 nil 0.022 - 1825
45-55 7.1 0.41 - - 2.6 7.7 2.0 0.0} 0,46 1.07 11.3 12.7 89 0.8 19.9  33.5 19.3 23,2 3.0 nil 0.042 - 1826
55-15 Te1 - - - 1.5 - - - - - - - - 0.0 - - - - - nil 0.031 - 1821
75~-110 7.2 - - - 1.2 4.3 1.0 0.02 0,43 0.94 6.7 7.5 89 7.1 59.1  17.0 9.3  13.1 1.8 nil 0.036 - 1828
7 0-15 5.9 1.84 0.154 12 0,40 12,5 5.0 0,26 0.87 0.93 19.6 23.4 84 0.0 4.1 17.1  23.8 51,8 4.9 nil 0.053 - N2209
15-40 5.9 0.39 0.055 1 0.40 - - - - - - - - 0.0 - - - - - nil 0.025 - 2210
40-75 6.5 0.36 - - 0.45 7.3 3.0 0.10 0,32 0.76 1.5 12.9 89 0.0 1.0 32.0 36.3 241 3.1 nil 0.031 - 2211
15-105 7.5 - - - 1.05 - - - - - - - - 0.0 - - - = - nil 0.064 - 2212
105-130 7.5 - - - 1.10 6.6 1.8 0.05 0.34 0.35 91 9.5 96 0.0 4.2 45.7 24.8 24.4 2.0 nil 0.037 - 2213
BECENT ALLUVIAL CLAY
14 0-30 5.4 1.46 0,104 14 0.23 9.4 3.7 0.11 0.64 0.92 14.8 19.2 17 0.0 0.1 1.1 21.8  66.6 3.8 nil 0.039 - N2158
30-60 5.3 0.64 - - 0.10 8.2 3.4 0.11 0,15 0.87 12.7 18.0 T1 0.0 0.2 1.5 29.8 67.3 4.5 nil 0.037 - 2159
60-90 5.6 - - - 0,10 - - - - - - - - 0.0 - - - - - nil 0.057 - 2160
20 030 6.0 1.77 0,106 17 0.23 7.7 2.3 0.04 0,43 0.43 11.9 13.9 86 0.0 14.5 21.2 21,3 39.9 3.8 nil 0.035 - N2176
30-60 6.0 0,38  0.055 17 0.05 - - - - - - - - 0.0 - - - - - nil 0.041 - 2177
60-90 Ta1 0.32 - - 0.10  13.2 2,6 n.d. 0,32 1.5 17.6 16.2 100 0.0 13,9 18,0 15.0 47.9 4.3 0,13 0.067 - 2178
90-140 7.9 - - - 0.15 - - - - - - - - 0.4 - - - - - 1.15 0.230 1.3 2179
140-180 7.3 - - - 0,23 - - - = - - - - 0.1 T.6  15.0 16.8 54,9 5.2 1.14 1.13 4.9 2180
180-230 7.3 - - - 0.25 - - - = - - - - e - - - - - 0.35 0.695 - 2181
230-260 7.4 - - - 0.12 17,7 1.5 0.03 0.45 0,52 20.2 14.8 100 0.0 1.3 1.0 22,0 70.1 6.0 nil 0.536 .8 2182




DABLE 12 (CONTINUED) - AMALYSES OF SOILS FROU THE USAEGU PLAIN

‘Pro- Horizon pH  Organic Total Avail. Exchangeable oations m,e./100 g, 80il Stones Uschanioal Analysis, of fine earth fraotion Conduetivity,
file om. c H o/x P Ca e, [ K Ha Total Capao—  Batn, and Coarne ine 115 Satn., lab MNo.
No, ity graval sand sand Silt Clay Moisture CaCO 3 oxt, axt,
1€ % ng. % 2 % m-mhos m-mhog
OLDZR ALLUVIAL CLAYS
(a) Ubually ebove flood level
P226 0-20 5.7 1.30 0.141 9 0.03 11,6 8.0 0.22 1,57 0.47 21.9 29,6 74 0.0 2.3 8.5 24,5 57.0 6.6 nil 0.036 ~ H1599
20-40 4.7 o.01 o0.085 10 0.10 - - - - - - - - 0.0 - - - - - - 0.038 - 1660
40-175 5.3 0.48 0,063 7 0,07 8.4 6.4 0.22 0.28 0,57 15.9 22.1 70 0.0 0.8 9.5 40,0 45.3 5.4 nil 0.039 - 1601
75-130 6.1 0.46 - - 0.15 - - - - - - - - 0.0 Simila to orison above 0,032 - 1602
130-150 6.8 0,18 0.017 10 0.30 7.8 3.2 0.05 0.23 0.53 11.8 1.9 99 0.0 9.7 5749 10.0  19.5 tef nil 0.029 - 1603
150-200 6.7 - - - 0.32 - - - = - - - - 0.0 15,5 69.5 3.5 9.3 1.4 nil 0,026 - 1604
230-215 7.0 - = - 0.37 16,0 6.6  0.02  0.31  1.33 24,3 25,3 96 0.0 4.0 1.2 32,5  41.5 5.6 nil 0.058 - 1605
275-305 7.1 - - - 0.52 - - - - - - - - 0,0 - . - - - - 0.056 - 1606
305-350 8.0 - - - 1.05 16.4 7.4 0.02 0,34 1.55 25.7 2441 100 0.0 5.0 39.2 14.3  37.9 5.3 nil 0,051 - 1607
P223 =15 7.2  0.98 0,017 13 0.9 12.8 9.0 0.08 0.36 1.1 23.3 24.9 94 0.0 0.9 15.9 33.5  47.2 5.6 nil 0.054 ~ 1542
15~50 6.8  0.75 0,065 12 0.9 9.9 5.0 0,05 0.65 2,3 17.9 19.9 90 0,0 - - - - - - 0.110 - 1543
50-100 6.6 0.47 - - 0.8 16. 9.8 0.03 0.63 2.5 29.2 36, 79 0.0 2.2 10.6 21.5 59.8 Ta1 nil 0.283 2.4 1544
100-150 7.3 0.45 - - 1.3 - - - - - - - - 0.0 - = - - - - 0. 241 - 1545
150-130 7.1 - - - 1.5 14.7 11.8 0,03 0.70 3.8 31.0 33.0 94 0.0 2.1 1.6 19.0 60,0 7.2 nil 0. 296 1.9 1546
B =30 6.1 1.19 0.095 13 0.3 12,2 7.6 0.05 1,12 2.5 23.4 32.0 13 0.1 4.5 8.0 12.3  69.6 T.3 nil €, 039 - 2750
30-60 6,2 0. - - 0.4 14.0 6.7 0,06 0.99 2.5 2441 31.6 16 0.1 - - - - - - 0.025 - 1751
60-90 6.6 0.48 - - 0.4 - - - - - - - - 0.1 0.1 5.5 9.8  T70.7 8.1 nil 0.045 - 1752
K7 0-30 6.0 0.83 0.120 7 0.1 3.7 3.4 o0.24 0,32 0,68 8.3 13.8 60 0.0 1.8 2.0 46.8 48,5 3.4 nil 0,021 - k1858
30-60 6.5 0.62 - - 0.2 - - =, 5 - - - - 0,0 - - - - - nil 0,043 - 1855
€0-90 1.8 - - - 1.9 13.2 8.8 0,03 1.3t 2.42 25.8 24.2 100 0.0 2.8 4.8 22.0  65.9 5.1 nil 0,059 - 1860
U5 0-30 1.4 0.77 0.06) 12 0.4 19.7 5.2 0.01 2.3 2,0 29.1 22.4 100 0.0 2.8 11.4 21,1 56.8 6.5 nil 0,059 - H1889
30-60 7.8 0.57 0,059 13 0.7 - - - - - - - - 0.0 - - - - - nil 0,071 - 1890
60-90 8.0 - - - 1.3 22.5 5.5 0,01 2.6 3.4 34.0 26.9 100 0,0 0.4 1.5 20.0 58.8 8.5 nil 0.093 - 1891
(b) Subject to prolonged flooding and tresless
B 0-30 5.8 2.07 0.218 10 0.5 T.4 3.7 0.20 0.74 0.81 12.9 271 48 0.0 1.0 10,6 22,3 52,9 6.3 Bil 0.015 - W1744
30-60 5.5 0.69 - - 0.1 - - - - - - - - 0.0 - - - - - nil 0.014 - 1745
£0-90 6.1 = - - 0.1 10,6 7.2 0.18 0.99 1.03 20,0 25.1 8o 0.0 0.5 9.6 17.0  65.3 6.4 nil 0,020 - 1746
B15 0-30 6.4 0.91 0.097 9 0.2 5.9 2.5 0.07 0.61 0.76 9.9 13.7 72 0.1 3.1 5.4 35.3  55.0 3.4 nil 0.027 - ¥810
30-60 w.a 0.37 - - 0a1 - - - - - - - - 0.4 - - - - - nil 0,048 - 1811
60-50 +0 - - - 0.6 114 4.5 0.01 1,70 2.23 19.5 19.1 100 0.3 T.3 1741 16.3  55.0 4.8 nil 0.074 - 1812
uto 0-30 5.8 0.97 0.128 8 0.1 3.9 3.4 0,00 0.61 1.52 9.5 22.2 43 0.0 1.1 1.2 21,3 55.6 5.8 nil 0.024 - 1904
30-60 5.8 0.33 - - 0.1 - - - - - - - - 0.0 - - - - - nil 0.030 - 1905
60-90 5.9 - - - 0.1 1.6 5.7 0.00 1.15 1.36 19.8 22.5 a8 0.0 1.0 5.7 13.5 T4.3 5.8 nil 0.027 - 1906
u22 0-30 6.0 1.66 0.145 11 0.1 1.7 4.7 0.23 1.9 0.92 19.4 25.1 11 0,0 2.1 11.5 30.0 52,3 5.9 nil 0.025 - H2256
30-85 6.4 0.39 0.045 9 0.3 - - - - - - - - 0.0 - - - - - nil 0.03) - ze57
85-120 1.8 0,06 - - 3.8 16,3 4.2 0.01 3.7 3.7 27.9 22.6 100 0.1 6.4 3.0 3p.0 28.8 1.5 tr. 0.058 - 2258
120-155 7.5 - - - 0.6 12,1 4.0 0.00 3.7 4.2 24.0 25.8 93 0.0 4.3 37.4 29.0 28.6 1.1 0.12 0,048 - 2059
155-215 8.2 - - - 0,7 = - - - - - - - 0.0 - - - - i 0.06 0.063 - 2260
215-260 8.6 - - - 1.2 - - - - - - - - 0.1 6.6 6.5 28,3  49.9 B.2 0.02 0,149 - 2261
024 0-30 1.6 0.57 0,036 16 0.1 3.2 1.6 0.02 - - - 43.7 - 0.0 0.9 3.4 14,3 72.1 §.8 0.29 0.091 - N2268
30-50 8.3 0.50 0.033 15 0.3 - - - - - - - - 0.3 - - - - - - 0. 111 - 2269
90-150 B.2 0,36 - - 0.3 26.7 8.1 0,02 - - - 43.9 - 0.2 0.8 1.2 1.3  78.0 10.1 0.45 0.287 - 2270
150-215 1.9 - - - 0.3 - - - - - - - - 0.1 - - - - - 0.28 0.225 - 2271
215-260 1.6 - - - 0,7 24,1 9.1 0.02 o i 5 41.8 = 0.0 0.5 3.8 16,8 70.6 10.4 0.25 0,395 - 221z
3 0=30  T.4 1.04 0,083 13 0.2 20,9 11.2 0.01 3,5 10.0 45.6 E.,m 100 0,0 0,2 2.3 7.8  T0.9 10.0 nil 0.069 - F1898
30-60 7.7 0.88 - - 0.5 15.3 15.0 n.d. 4.2 4.2 38.7 38.3 100 0.0 0.1 1.8 4.5 T7.6 11.3 0.07 0,126 - 1899
60--90 8.2 - - - 0.7 15,0 11.6 n.d. 4.2 7.6 38.4 44.4 87 1.4 - - - - - 0,24 0,161 - 1900
L] (~10 6.6 0.83 0.059 14 0,2 41.8 4.5 0.05 0.90 4.2 51.5 34.6 100 0.0 8.3 7.2 10.5 62,9 10,1 nil 4.83 3.6 N2161
30-60 1.0 0.6} - - 2,6 - - - - - - - - 0,1 - - - - - nil 6.26 a1.7 2162
€0-)0 6.9 - - - 2.8 42,86 1.4 tr. 1.41 18,5 64.1 6.6 100 0.0 2.8 6.3 15.8  68.7 9.2 nil 7.85 30.4 2163
36 =32 1.0 1,00 G.085 15 0.y 2.y 8. - - - - 373 - 2,0 G.9 3.0 4.3 82,9 10.9 0.05 0,060 e R2206
A0 1.9 0. 87 - - .6 - - & - - - = - 0.0 - - - - - Q.12 0.097 - 2207
bio-90 b4 - - - G - - - 2.5 €.3 2241 18.6 - 0.1 0.5 3.0 5.8 82,6 8.7 0.46 0,137 - 2208
unt =11 by .00 0,05y 19 2.8 131 0,00 2.5 .0 51,5 46.5 100 0.0 0.1 1.5 3.0 84.9 1.4 nil 0,032 - w2241
it S TY ¥ = - - - - - - - - 0.0 - - - - - - 0,053 - 2242
Go-g0 7.8 - - - 3P M4 sad. 2.0 6.8 9.1 - - 0.C 0.5 50 0.8 82,9 12.6 0.% 0.181 - 2741




-

TaiL8 12 (CONTINUED)

= ANALYIEZ OF SJILS Yo THE USAIOY PLAIN

Pro-" Horizon pH Organic Total Avail, Exchangeable cations i2,6./100 g, 8oil Stones _ Kechanical analysis, % of fine earth fraction Conductivity
file om, c N c/n P [ Lg Un K Ha Total Capac- Satn. and Coarne  Fine 135 Satn. Lab. No.
No. ity gravel sand sand  S11t Clay Hoisture CaCoy ext, ext.
% ] ng. & @ 4 m-phos _m-mhos
OLDER ALLUVIAL CLAYS (Continued)
(o) Bubject to flooding, with irses
RE 0-30 6.3 0. 88 0.107 8 0.2 17.0 7.4 0.07T 1.7 2.4 28.6 29.1 98 0.0 142 10.5 20,8 61,1 6.4 nil 0.060 - w741
30-60 1.1 0.43 0.070 6 0.5 - - - - - - - - 0.0 - - - - - - 0.058 - 1742
60-90 8.1 - - - 1.1 14.7 10,3 n.d. 2.4 3.8 3.2 33.3 94 1.4 0.7 4.1 22,8 66.1 7.1 0.18 0.096 - 1743
B18 0-30 6.1 1.18 0.116 10 0.1 4.1 2.4 0,13 0.5 0.98 8.2 13.8 59 0.2 8.4 13.0 27.5 46.9 3.3 nil 0.023 - H1817
30-55 6.3 0.38 - - 0. - - - - - - - - 0.7 - - - - - - 0,021 - 1818
55-15 6.8 - - - Dl 3.9 2.0 0.03 0.38 1.44 7.8 8.8 90 6.9 43.2 9.9 13.5 32.4 2.2 nil 0,030 - 1819
U13 0-30 6.6 0.82 0.068 12 0.3 12.9 7.8 0.01 1.6 1.3 23.6 3.1 76 0.0 1.1 3.7 16,0 T1.17 8.0 nil 0.059 - H1913
30-60 6.8 0.67 - - 0.4 - - - - - - - - 0-0 - - - - - nil 0.065 - 1914
60-30 T4 - - - 1.0 16.6 T.5 0.01 2.6 1.8 28,5 3.9 89 0.0 0.9 3.0 15.8 72.2 8.8 nil 0,066 - 1915
w 0-30 5.8 1.88 0.074 25 0.7 1.7 3.3 0.10 0,38 1.2 16.7 25.8 65 0.0 1.5 10.5 20.3 60,7 5.8 nil 0.025 - H2143
30-60 6.1 1.10 - - 0.1 - - - - - - - - 0.0 - - - - - - 0.019 - 2144
60-90 6.4 - - - 0.1 13.0 3.9 0.10 0.30 1.5 18.7 19.1 98 0.0 0.1 24.7 21.5  51.4 4.8 nil 0,026 - 2145
(d) Alkaline alluvial olays
Ri2 0-30 8.7 0.63 0,051 12 0.7 - - - 1.9 4.1 - 25.7 - 0.7 12.9 16.8 16.0  48.8 6.2 0.04 0.130 - N1759
30-60 8.5 0.52 - - 1.1 20.3 4.4 0.03 3.6 9.4 3.7 3.5 100 1.5 2.5 8.5 17.8  63.2 8.2 nil 0.151 - 1760
60-90 8.6 - - - 1.5 - - - - - - - - 2.5 - - - - - 0.36 0.138 - 1761
P215 0-15 T.4 0.88 0.080 11 0.8 10.1 8.2 0,03 0.45 1.7 20.5 17.7 100 0.0 9.5 30.1 17.8 um.w 4.4 nil 0.069 - Ni410
15-40 8.2 0.73 0.068 11 0.6 10.7 5. tr, 0.24 3.2 19.9 19.8 100 0.0 1. 28.2 18.5 41, 4.9 nil 0.078 - 1411
40-80 8.5 0.46 0.034 13 4.1 - - - - - - - - 0.0 Similar to horizon 80-120 om. 0.104 0.9 1412
80-120 8.5 0.3 0.023 13 6.8 5.2  0.01 0.17 4.4 20.5 17.7 100 0.0 10.2 37.6 17.0 31,7 4.2 nil 0.082 - 1413
120-160 8.9 0.27 - - 6.5 - - - - - - - 0.4 Similar to horizon 80-120 om. 0.128 0.8 1414
160-190 9.4 0.11 - - 3.4 5.7 0.01 0.80 4.9 28.1 16.5 100 1.0 28.0 25.6 9.5 33.1 4.2 nil 0.342 0.9 1415
P249 0-15 6.4 0.79 0.084 9 0.2 9.4 37 0.0 2.5 1.5 1741 19.0 90 0.4 8.6 16.6 26.5 44.5 5.2 nil 0.063 - N1544
1540 7.2 0.48 0,058 8 0.2 - - - - - - - - 0.4 - = - - - nil 0.086 - 1945
40-50 8.4 0.14 - - 3.5 12,7 5.0 mede 2.6 7.6 21.9 21.2 100 11.3 4.9 10.0 31.0  45.9 6.7 0.33 0.136 - 1946
90-140 8.7 - - - 2.0 - - - - - - - - 12.7 - - - - - 0.58 0.152 - 1947
140-130 8.9 - - - 1.6 13.7 2.9 n.d. 2.7 1.5 26.8 22.2 100 13.6 5.6 10.4 30.3  44.2 6.3 0.90 0.206 0.9 1948
B4 0-30 8.7 0.52 0.054 10 1.1 6.3 2.2 0.36 1.7 8.8 25.4 25.7 99 1.2 9.6 14.7 18.5  51.3 5.7 0.38 0.094 - wiBot
30-60 9.1 0.14 - - 0.4 2,4 0.4 0.05 8.3 17.1 28,3 22.5 100 1.7 4. 22,1 16.5 50.2 6.8 0:44 0.218 0.7 1808
60-90 9.5 - - - 0.3 - - - - - - - - 1.2 - - - - - 0.37 0.240 1.2 1809
(o) Clays hardening on drying
7 0-30 6.1 0.66  0.055 12 0.1 9.9 4.1 007 0.38 1,2 15.7 18.1 87 0.4 16.3 14.4 14.5 50.4 4.5 nil 0.042 - N2167
30-60 6.0 0.49 - - 0.1 - - - - - - - - 0.1 - - - - - nil 0.070 - 2168
60-90 Te1 - - - 1.9 17.2 3.8 0.02 0.7t 1.9 23.6 28,6 83 0.1 5.8 9.1 17.3  63.6 5.9 nil 0.159 - 2169
ALLUVIAL SAKDY SOILS AFFECTED BY ALKALI
P262 015 7.8 0,68 0.057 12  0.18 5.5 3.6 0,03 0.26 4.0 13.4 13.3 100 0.4 30.6 25.3 13.2  27.6 3.0 nil 0.150 - H2289
15-30 7.4 0,50 0,040 13 1.30 9.6 3.5 n.d. - - - 17.1 100 0.2 - - - - - 0.05 1.34 11,2 2290
30-80 9.0 0,22 - - 2.00 - - - - - - - - 0.1 - - - - - 0.32 1.24 4.7 2291
80-160 9.6 - - - 1.23 - - - - - - - - 1.4 13.5 23.2 22.0 38.1 5.2 1.11 0,882 2.3 2292
160-190 9.5 - - - 0,28 - - - - - 0.5 - - - - - 1.39 0.688 5.7 2293
190-225 9.4 - - - 0.25 4.6 Te1 13.5 11.9 100 1.5 21.0 28,6 11.5  35.9 3.8 1.93 0.561 13, 2294
225-240 9.2 - - - 0,60 - - - - - 0.2 - - - - - 0,03 0.077 - 2295
J4 0-30 5.7 0.68 0,047 14 0.10 2.0 1.3 0.1 0,22 3,2 6.8 1.5 91 0.7 45.1 16,0 12.5 23.9 2.1 nil 0,017 - N2200
I0-60 7.6 0.64 - - 0.93 3.5 1.7 0.05 w45  T.9 13.6 10.7 100 0.5 40,5 18.5 8.3 29.9 3.0 nil 0,034 - 2201
60-90 7.4 - - - 1.10 - - - - - - - - 1.0 - - - - - nil 0.639 9.9 2202
S0ILS FORMED FROM LAVE-BED
P241 0-3 6.8 0.27 - - 14.5 - - - - - - - - 0.0 Coarse sand 0.046 - E1718
3-28 6.5 1.73 0,167 10 1.6 8.5 4.6 0.55 4.7 0.9 19,3 29,3 66 0.0 0.8 1641 17.8 56.0 5.9 nil 0.029 - 1719
28-50 6.6 0.63 0.074 9 0.1 9.3 4.6 0,05 1.5 1.5 17.0 28.9 59 0.0 1.4 16.4 24.5  44.9 6.9 nil 0.034 - 1720
50-85 T+5 0.29 - - 2.8 8,8 $.0 0,03 3.1 2.4 23.3 22,2 100 0.0 1.3 3T.4 37.0 16,1 5.9 nil 0.038 - 1721
85-112 1.5 - - - 6.5 - = - - = - - - 0.0 Sanad 0.08 0.025 - 1722
112-185 1.5 - - - 1.3 8,2 6.2 0,06 3.8 2.0 20.3 19.7 100 0.0 1.3 1641 59.3 1241 5.1 nil 0.018 - 1723
185-208 7.1 - - - 1.1 - - - - - - - - 0.0 Similar to horizon 112~185 om, nil 0.018 - 1724
208-240 1.9 - - - 0.6 12,0 8,8 0,09 3.1 3.6 27.6 27.7 100 0,0 2.3 8.9 21,0 61.6 5.7 nil 0,054 - 1725
B 0-30 Ts7 0,18 0.046 8 3.7 8.5 3.4 0.04 6.1 5.8 23.8 21.4 100 0.3 3.5 18.8 51.3 17.5 4.4 nil 0.095 - H1735
30-60 8.1 0.24 0.031 8 6.5 15.5 2.2 0.02 9.1 11.4 38.3 32.5 100 0.4 - - = - - nil 0.089 - 1736
£0-90 8.8 0.14 - - 18,0 6.8 2.8 n.d, B.8 12.5 10,9 3.7 58 0.6 2.7 17.0 34.8  37.9 7.0 0,51 0,162 - 17371



TABLE 12 (conrmvuED) - ANALYSES OF SUILS FROM THE LAANAU PLAIN

Pro- Horizon gl Organic Totel Avail. Stones lechanicel anajyeis, o of fine earth fraction Conductivity
file em. c N c/n r Ca and Coarce Fine 115 Satn, lab. No.
No, gravel sand sand Si)lt Clay Moisture CaC0y ext. ext.
£ & m,h.lmn % m—mhos m-mhos
SOILS WITH SODIUM CAHBONATE
P248  0-20 7.9 1.4 0.120 11 9.5 4.3 2,0 n.d. 1, 1.3 9.3 12.1 11 0.5 26.5 33.6 22.3 16.0 1.8 0.12 0,060 - N1940
20-40 9.5 C.48 - - 0.4 2.7 1.2  n.d. 1.6 2.7 8.2 8.5 97 0.5 8.0 50,8 23.8 16.7 1.5 0,13 0.106 - 1941
40-80 10,1 0,20 - - 0.2 - - - - - - - - 0.0 - - - - - 0445 0,160 - 1942
80-120 10.3 - - - 0.3 1.3 0.4 n.d. 1.1 12.4 15.2 - - 0.0 1.7 17.6  45.5 32.3 2.9 0.56 0.460 3.3 1943
B17 0-30 10,1 0,34 0.050 1 0.7 0.7 0.4 n.d. 4.2 13.6 18.9 16.9 100 0.0 63.0 7.3 12,3 14.0 4.6 0.76 0,060 - N1815
30-60 9.6 0.23 - - 0.4 3.7 0.7 n.d. 5.4 9.0 18.8 17.2 100 0.5 1.9 10.1  41.0  40.3 9.1 0.48 0.239 - 1816
HOH-ALLUVIAL SOILS )
(a) Alkoline red and trown moils
P40 0-20 9.0 0.51 0,054 9 0.8 12,9 6.5 0.03 0.8 2.4 22,6 18.5 100 - 24.7 37.9 9.8 23.8 3.4 0.16 0.155 - N1713
2C-50 9.2 0.39 0,039 10 2.3 - - - - - - - - - - - - - - 0.56 0.358 2.6 1714
50-100 9.3 0.25 - - 1.8 8.1 5.0 0,03 1.7 5.9 20.7 20.8 100 - 21.5 38.6 11.8  23.9 3.9 0.M 0.586 5.9 1715
' 100-150 9.3 - - - 3.6 - - - - - - - - - - - - - - 0.93 0.500 5.2 1716
15C-165 9.3 - - - 3.7 3.5 4.6 0.04 0.4 4.1 12.6 12.5 100 - 19.1 44,8 7.3  23.6 3.5 1.55 0.542 6.3 1717
{v) Crey sandy soils of foothills
P263 6-20 6,8 0.56 0,043 13 0.1 1.3 0.4 0,03  0.,16 0,34 2.2 2.2 100 5.2 67.5 23.2 5.5 2.6 0.4 nil 0.041 - K2296
2042 9.1 0.13 0.015 9 0.2 1.5 0.3 0.01 0.19  5.91 1.9 6.1 100 5e5 55.8 22.4 Se 15.6 1.5 nil 0.247 - 2297
42-80 10,0 0.02 - - 0.5 - - - - - - - - 12.6 - - - - - 0.03 0.442 6.3 2298
80-115  10.0 - - - 0.7 0.3 0.1 n.d, - - - - - 7.0 52.7 30.1 9.5 1.0 1.1 0.05 0.388 9.0 2299
115-125 9.7 - - - 0.5 - - - - - - - - 5.4 - - - - - tr. 0.388  12.3 2300
125-150 9.1 - - - 0.7 0.2 0.1 n.d. - - - - - 5.0 51.8 28.3  11.0 8.1 1.1 tr. 0.062 - 2101
(e) Cemented ocandy soils
P246 0-10 6.3 0,81 0.065 12 0.3 5.2 1.4 0.16 0.73 0.30 7.8 9.1 19 4.4 33.0 26,0 14.3 23.9 2.3 nil 0.059 - 1929
16-30 6.9 0.27 0.030 9 0.7 - - - - - - - - 6.3 - - - - - - nil 0.039 - 1930
30-60 1.5 0.19 - - 1.5 12,9 1.6 0.01 1,32 0.43 16.3 14.1 100 n.d. 33.4 19.2 8.3  36.0 3.7 nil 0,054 - 1931
60~100  B,2 0.12 - - 1.8 - - - - - - - - 5.3 - - - - - 0.61 0,088 - 1932
100-130 6,5 - - - 2.8 1.9 1.3 n.d. 1.86 1.6 22.1 8.1 100 18.1 4.3 27.6 16.8 12,3 3.5 0.48 0,088 - 1933
03 0-30 5.7 0.35 0.038 9 0.1 1.8 0.1 0.04 0,10  0.98 3.6 5.6 64 0.7 43.2 18,8 15.0 20.4 1.4 nil 0,035 - w2127
30-55 5.4 0.24 - - 0.1 2.8 0.8 0,04 0.14  2.17 64 Te 1 0.5 - - - - - - 0.100 - 2128
us 0-30 5.9 0.5 - - 0.1 1.5 2.2 0.04 0.27 1.4 5.4 7.6 i 141 3.2 2.2 7.8 18.4 2.1 nil 0.03 - N2140
30-60 5.1 0.4 - - 0.1 - - - - - - - - 0.8 - - - - - nil 0,17 - 2141
60-90 5.3 - - - 0.7 B.0 5.4 0.03 1.02 2.0 14.5 1643 89 0.7 22.4 24.5 9.0 40.2 4.5 nil 0.55 4.8 2142
(a) Claye of the pedimant catena
kB 0-30 7.6 0.69 0,065 11 s 15.6 6.5 0.01 0.71 2.3 25.1 21.8 100 0.8 13.7 21,4  21.0  40.5 4.0 nil 0,063 - N1861
30-60 8.4 0.50 - - 2.5 9.1 6.6 n.d. 0.99 2.6 19.3 21.5 90 1.6 8.1 25,0 18.8 42.3 53 0.69 0.116 - 1862
(e} Alkaline olay ’
P239 0-15 8.1 0,86 0.071 12 3.2 15.6 9.1 0.03 0.80 3.4 28.9 30.6 - 0.2 1.6 22,5 15.1  46.9 7.2 0.04 0.059 - N1707
15-30 8.4 0.73 0,063 12 2.7 15.0 12.2 n.d. 0.74 3.9 31.8 37.2 - C.1 3.3 20,4 21,0 47.3 7.3 - 0.08 0.081 - 1708
30-60 8.7 0.67 - - 2.8 - - - - - - - - 0.3 - - - - - 0.29 0.030 - 1709
60-90 8.7 0,60 - - 3.6 15.0 11.4 n.d. 0.90 10.3 37.6 41.8 - 0.2 5¢5 12.4 16,8 57.3 8.4 0.42 0. 100 - 1710
90-135 8.8 - - - 1.9 - - - - - - - - 0.7 - - - - - 0.76 0,155 - 1711
135-185 8.8 - - - 3.1 15.1 11.6  n.d. 1.41  11.1 39.2 44.9 - 0.4 10.8 6.7 11.8 57.5 8.6 0,35 0.138 - 1mea
(£) Pale mands of gentle alopes
P250 015 5.4 0,33 0.037 9 0.1 0.5 0.3 0,02 0,35  0.17 1.3 2.1 62 0.8 51,0 40,2 4.0 4.0 0.5 nil 0,024 - 1949
15-35 4.7 0.19 0.025 8 0.1 0.22 0.07 0.00 0.33 0.08 0.7 1.7 41 1.3 - - - - - nil 0.015 - 1950
315-65 5.0 0.12 - - 0.0 - - - - - - - - 1.8 - - - - - nil 0,016 - 1951
£5-110 1.0 0.01 - - 0.1 2,8 0.5 0,02 1.5 0.43 5.2 5.7 93 10.2 46,2 40.5 6.3 4.1 1.7 nil 0,028 - 1952
150-170 8.3 - - - 0.2 2.5 0.4 0.02 1.5 1.13 5.6 4.8 100 £.0 - - - - - nil 0.045 - 1953
u20 =10 743 2,41 0.042 10 1.6 7.9 0.7 c.02 0,18 3.5 12,3 10,9 100 1.9 6.9 3.2 7.8  41.8 2,8 nil 1.27 11.3 N2250
e G20 - - 1% 4.4 O, 0.04 - - - 13.9 100 2.9 40.8 2.1 11,3 44.6 3.9 0.02 2,12 12,9 2251
60-50 b9 - - - 40.4 - - - - - - - - 3.4 - - - - - nil 1.27 21,3 2252
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TABLE 13} ~ ANALYSES OF BOILY ¥ROU 14/E KILOMNEIO VALLEY

Pro— Hortzon pH  Organio Total Avail, Exchangeable cntions w,0./100 g, 68011 Stones _ Meohanical onalymis. % ol fine earih Iraction Conduotivity
file oo, [+ N e/ P Yn o Total Capac=  Satn. and Coarse Fine 115 Satn. Lab, No.
No. ity gravel sand sand 541t Clay Moisture CaCoy oxt. ext.
% % ng. % % % m-ichos _ memhos
ALLUVIAL SAND
2171 0-15 4.7  1.99 0.148 13 16.6 3.6 0.9 0.15 0.46 0.08 542 14.6 36 0.8 43,3 24.8 8.8 18.3 2.3 nil 0.026 - N1028
1530 4.5 .12 0.066 17 0.9 2.0 0.5 0.14 0.18  0.11 2.9 9.2 32 1.3 50.5 22.9 6.8 16.1 2.0 nil 0,032 - 1029
10-55 5.2 0.60 0.051 12 1.2 - - - - - - - - 4.3 - - - - - nil 0.059 - 1030
£5-130 6.6 0.08 0.004 20 0.8 1.0 0.3 0.03 0.14 0,08 1.5 2.0 15 43.8 92.0 A1 1.0 2.5 0.4 nil 0.034 - 1031
130-230 6.7 - - - 1.2 - - - - - - - - 30.6 - - - - - nil 0.018 - 1032
113 0-30 6.3 1.82 0.112 16 4,3 10.4 3.3 0.05 0.65 0,33 14.7 15.0 98 0.0 4.9 65.7 9.5 13.7 2.6 nil 0.050 - ¥z010
30-60 6.6 0.39 - - 7.0 3.8 1.5 0.08 0.18 0.19 5.8 6.8 85 0.0 5.8 79.0 5.5 Tal 1.2 nil 0.036 - 2011
£0-90 6.7 - - - 10,0 - - - - - - - - 0.0 - - - - - nil 0.040 - 2012
ALLOVIAL SANDY LOAM
P255 0-10 6.5 1.38 0.092 15 11.0 14,2 3.8  0.13 0.54 0.27 18.9 21.2 89 0.5 23.5 46,2  11.5 15.3 3.2 nil 0,053 - N2026
10-25 6.2 1.00 0.059 17 4.3 6.5 2.7 0,10 0,29 0.43 10.0 12.8 8 0.7 20.1 52.1  19.5 15.0 2.5 nil 0.125 - 2027
25-T5 6.6 0.69 - - 1.4 - - - - - - - - 0.1 - - - - - - 0.025 - 2028
15-95 6.7 - - - 1.3 6.9 3.9 0.02  0.19  0.41 11,4 13.0 88 0.0 20.8 4.9  15.3  17.0 4.1 nil 0.028 - 2029
95-120 6.6 - - - 0.2 - - - - = - - - 0.0 - & - - - - 0.053 - 2030
120-200 6.3 - - - 2.0 6.2 3.2 0,12 0.11 0,45 1041 10,0 100 0.0 25.5 51.0 6.8 15.6 2.6 nil 0.130 - 2031
L15 o-10 6.7 2.20 0.141 16 2.8 13,5 3.8 0.02 0.67 0,38 18.4 17.0 100 0.2 30.0 29.9 10.8 23,7 3.6 nil 0.047 - Heos52
30-45 6.5 0.65 - - 0.8 5.5 5.0  0.00 0.34 0.17 11.0 8.6 100 1.0 44.3 28.3 T3 1741 2.5 nil 0.019 - 2053
45-75 6.5 = - - 2.4 - - - - - - - - 23.0 - - - - - - 0.025 - 2054
w 0~30 4.8  1.40 0.081 17 0.7 0.8 0.2 0,07 0.28 0.24 1.6 Ted 22 0.0 46.6 29.8 0.5  21.3 2.2 nil 0.03 - ¥23u
10-60 4.8 0.98 - - 0.4 - - - - - - - - 0.0 - - - - - - 0.03 - 2332
£0-90 4.8 - - - 0.3 0.7 0.2 0.03 0.18 o0.22 1.4 2.9 48 0.0 47.8 32.5 10.0 9.9 0.8 - 0,03 - 2333
ALLUVIAL LOAM
P257 0-15 6.2  3.57 0.252 14 0.3 13.0 5.4 0.0T 0.74 0.14 19.4 24.0 81 0.0 11.2 27.3 20.8  30.5 5.3 nil 0,051 - ¥2037
15-35 6.0 1.64 0.110 15 0.1 6.0 1.7 0.05 0.45 0.41 10.6 17.6 60 0.0 - - - < - - 0,022 - 2038
35-70 5.9 0.88 - - 0.1 - - - - - - - - 0,2 - “ - - - - 0,028 - 2039
70-82 6.0 - - - 0.1 - - - - - - - - 2.1 - - - - - - 0.026 - 2040
82-105 6.0 - - - 0.1 3.0 2,7 0.04 0.23 o0.21 6.2 9.0 69 0.4 26.4 42.5 11.0 15,3 2.4 nil 0,031 - 2041
105-122 6.2 = - - 0.0 - .- - - - - - - 3.5 - - - - ~ e 0.032 - 2042
122-190 6.4 - - - 0.0 3.8 3.2 0.02 0,06 0.33 Ted 1.1 100 0.1 13.9 55.8 10.5 13.4 2.3 nil 0.014 - 2043
L9 0-13 6.3 4.68 0,269 17 4.6  1B.5 1.6 0.04 1.06 0.76 28.0 30.5 g2 0.9 Ts6 31.7 18,0  33.1 6.0 nil 0.030 - N2064
13-25 6.1 2.41 0.114 21 0.6 11,1 4.8  0.03 0.38 0,35 16.7 19.1 87 0.0 - - - - - - 0.020 - 2065
25-40 5.6  1.53 0.096 16 0.7 - - - - - - - - 0.0 - - - - - - 0.022 - 2066
40-55 6.4 0,54 - - 0.9 5.2 3.1 0.02 0.11 0,14 8.6 T.6 100 0.1 12.3 57.9 8.3 18.6 2.4 nil 0.020 - 2067
55-85 6.6  0.41 - - 0.4 - - - - - - - - 0.0 - - - - - - 0.016 - 2068
B85-35 6.8 - - - 0.0 9.5 3.8 0.01  0.27 0.08 13.7 18.0 16 0.0 3.6 29.3 22.0 38,5 5.6 nil 0.017 - 2069
95-120 6.9 - - - 0.1 - - - - - - - - 0.0 - - - - - - 0.019 - 2070
120-150 7.5 - - - 0.1 - - - - - - - - 0.0 - - - - - nil 0,020 - 20M
150-180 7.2 - - - 01 2.2 2.8 tr.  0.03 0,63 517 3.7 100 0.6 36.1 39.0 6.3 21.3 2.0 nil 0.022 - 2072
M8 0-30 4.6 3.54 0.292 12 1.7 1.8 0.6 0.05 0.32 0,22 3.0 1545 19 0a1 - - - - - nil 0.06 - N2328
30-60 4.5 0.81 - - 1.3 - - - - - - - - 0.0 - - - - - nil 0.04 - 2329
60-90 5.0 - - - 0.7 1.1 0.7 0.02 0.8  0.16 2.2 4.6 48 0.3 - - - - - nil 0.03 - 2330
HECENT ALLUVIAL CLAY
P170 0-10 5.8  2.96 0.185 16 1.0 12.3 5.9 0,13  0.64 0.49 19.5 27.8 10 0,1 Te5 12.5 31,8  40.1 5.9 nil  0.023 - K992
10-18 5.6 2.30 0,153 15 0.6 8.1 4.8 0.06 0.21 0,38 13.6 2343 58 0.1 9.8 8.7 29.0 45.7 5.8 nil 0,012 - 993
1845 5.4  0.81 0,053 15 1.1 4.1 2.1 0.06 0.11  0.37 6.7 12.6 53 0.7 47.3 13.9 12,5 21,2 3.7 nil 0.020 - 994
45-90 5.3 1.45 0.090 16 C.4 9.1 4.2 0,12 0.13 0,71  14.3 24,2 59 0.1 4.0 10.1 28,0 51.1 5.7 nil 0.023 - 595
50-180 6,2 0.18 0,011 16 0.2 - - - - - - - - 0.0 1.1 14.3  21.0 48.9 5.5 nil 0.059 B 996
180-190 7.5 - - - 0.2 8.3 5.2 tr. 0413 0.87 14.5 14.7 99 0.0 21.2 21,0 13.8 40.9 4.1 nil 0.059 - 997
P181 0-10 6.2 3,52 0.158 22 0.6 19.4 8.7 0.18 1.07 0.54 29.9 4.3 87 0.0 9.3 1541 21,3  45.4 6.0 nil 0,071 - H1047
1030 5.8  1.46 0.101 14 0.4 12,7 6.7 0.16  0.51 0.49 20.6 24.5 a3 0.0 11.3 1.6 17.8 53.7 5.6 nil 0.063 - 1048
30-50 5.7 0.69 0.062 1 0.4 5.0 5.2 0,07 0.24 0,46 12.0 13.7 a8 3.1 44.0 10.1 9.8 32,0 3.8 nil 0.081 - 1049
50-70 5.6 0.64 - - 0.2 - - - - - - - - 1.9 - - - - - - 0.069 - 1050
1C-100 5.1 - - - 0,1 8.8 5.7 0,07 0.10  0.43  15.1 18.9 80 0.1 5.6 18, 20,5 49.3 5.1 nil 0.063 - 1051
16 0=30 G.2  1.83 Ua114 16 0.5 12.6 1.6 0,06 0.32 0.58 21.2 23.9 89 0.2 13.3 18.3  16.8 44.0 6.2 nil 0.032 - N2055
30-60 T4  0.73 - - 0.0 - - - - - - - - 0.0 - - - - - nil 0.035 - 2056
60-50 T.9 - - - 0.0 21.0 4.3 0.02 0.06 2.28 27.7 22.5 100 2.3 13.9 29.2 105 41.4 6.9 nil 0.126 - 2057

e



TABLE 13 (CONTIRUED) =

Fro- Horiron pil OUrganie Total Avail, Exohangeahle cations m.e./100 g, soil Btones _Nechanloal analysis, & ol fine earth fmotion Conductlvity
file [T [+ N e/ P ¥n Ve Total Cepac-  Satn. and Coarse Fine 115 Satn. Llab. Wo,
Ho. ity gravel sand mand 911t Clay XMoisture CaCly ext. ext,
% 1 _mg. % £ % m-mhas___m-mhon .
OLDER ALLUVIAL CLAY
P165 0-15 5.6 1,45 0,109 13 0.1 4.5 2.1 0.03 0,16 0.38 7.2 12,5 58 0.1 6.5 10,0 19.5 60.8 543 nil 0,020 - 359
15-30 5.8 0.91 0.078 12 0.0 4.4 2.3 0.0 0,13  0.43 Ted 12.5 58 3.3 3.9 10,0 17.8 64.6 5¢5 nil 0.021 - 960
30-55 5.6 0.83 0.064 13 0.1 4.4 2.2 0.01 0.12  0.49 Te2  13.4 54 1.3 3.7 8.6 13.3 68,3 5.2 nil 0,020 = 961
55-80 6.1 0.44  0.040 11 0,0 - - - - - - - - 0.0 3.5 6,6 9.0 T6.4 545 nil  0.068 - 962
£0-115 5.6 0.63 0.036 18 0.0 5.1 2.8 0.00 0.10 0.82 8.8 13.5 65 0.2 2.3 B.6 12,5 1.7 4.9 nil 0.023 - 963
115-190 6.1 0.22  0.023 10 0.0 8.4 5.3 0.05 Q.11 1.69 17.5 22.4 78 0.3 2.7 6.9 9.5 T76.4 545 nil 0,323 - 964
P178 0=13 6.0  2.47  0.162 15 0.5 12,8 5.4 0,04 0.26 0.7 19,2 23.3 82 0.3 14.8 16.2 23,0 38.8 6u1 nil  0.030 - H1033
13-30 6.6  1.19  0.083 14 0.1 10.8 7.3 0,02 0.1 1.5 19.7 20,7 95 0.3 4.8 15.0  19.3  55.0 &1 nil  0.047 - 1034
-8 7.8 0.86 0,062 13 0.1 14.6 9.2 0.02 0,14 3.2 27.1  23.9 100 0.0 11.5 14.4  15.0 54.8 6.6 nil 0,139 1.0 1035
80-180 8.4 0,38 0.025 15 0.2 13,0 T.0 0.01 0.17T 5.2 25.4 2446 100 0.6 12.4 13,0 11.8 56.4 6.5 nil 0,169 0.8 1026
L2 0-30 5.6 2.14 0.147 15 0.2 7.9 4.4 0.03 0.48 0.65 13.5 18.5 73 0.0 0.8 9.4 12,3 69.2 6.1 nil 0.064 = ¥1978
30-60 5.8 0,78 0,086 9 0.0 5.7 3.4  tr. 0.1}  0.76 10,0  14.1 T 0.0 - - - - - - 0,070 - 1979
£0-90 6.1 - - - 0.0 5,6 2.9 0.00 0.10 0.65 9.3 12.5 14 0.0 2.6 11.8 10.3 70.5 5e4 nil 0,0M - 1980
M1 0=30 5.1 1.55 0,122 13 0.5 1.7 3.6 0,12 0.56 0.87 12,9  18.3 71 0.0 1.4 8.2 25.8 57.9 5.9 nil 0.03 - N2331
30-60 5.2  0.83 - - 0.1 - - - - - - - - 0.0 - - - - - - 0.04 - 2338
£0-90 6.5 - - - 0.1 10.7 4.3 0,07 0.21 0.98 16,3  15.8 100 0.0 - - - - - - 0.06 - 2339
16 0-30 5.1 2,33 0140 17 0.4 4.1 1.4 0.22 0,52  0.41 6.7 16.6 40 0.0 - - - - - - 0.05 - N2352
J0-60 4.3 1.14 - - 0.1 - - - - - - - - 0.0 - - - - - - 0,02 - 2353
60-30 6.5 - - = 0.1 13.1 3.2 0,02  0.16 0.7 17.2  16.3 100 0.0 - - - - - - 0.04 - 2354
CLAY WITH PARTIAL SAND OVEHLAY
L3 0-30 5.4 1.0 0.052 20 0.5 1.5 0.8 0.09 0.1 0,08 2.6 5.4 48 0.0 33.1 43.3 6.5 14.0 1.2 nil  0.021 - N1981
30-60 5.2 0.4 0.018 13 0.1 1,2 0.8 0.01 0.26 0.15 2.4 3.0 8o 0.4 38.7 40.9 3.5  15.3 1.0 nil 0,141 - 1982
60-90 5.8 - - - 0.0 2.1 1.8 0.01 0.10 0.33 4e3 6.4 67 0.3 22.9 2546 T.0 40.7 3.3 nil 0.019 - 1983
L10 0-30 5.6 1,28 0,013 12 0.3 2.8 1,9 0.0 0.06 0,35 5.1 1141 46 0.0 21.0 35.6 6.3 M.2 2.9 nil  0.021 - K2002
30-60 5.9  0.56 - - 0. - - - - - - - - 0.0 2 - - = - = 0.019 o 2003
60-90 6.1 - - - 0.1 3.4 2,3 0,02 0,06 0.45 6.2 9.4 66 0.8 2141 26.2 4.5 44.3 3.5 nil  0.035 - 2004
NON-ALLUVIAL SOILS
{a) Red and brown scils
U4 0-15 5.8 0,98 0,056 17 2.0 3.5 1.2 0,16  0.68 0.10 5.6 6.4 a8 0.0 - - - - - - 0.07 - N2346
15-45 5.4 0.60 - - 1.4 - - - - - - - - 0.0 - - - - - - 0.03 - 2347
45-75 5.3 - - - 0.5 0.8 0.4 0.20 - - - 3.4 - 0.0 - - - - - - 0.03 - 2348
{b) Orey sandy soils of foothills
M5 0-22 5.6 0,52 0,029 18 1.3 1.1 0.4 0,10  0.34 0,07 2,0 2.3 87 0.1 - - - - - - 0.04 - H2349
22-45 5.1 0.22 - - 0.3 - - - - - - - = 0.1 - - - - - - 0.03 - 2350
45-75 5.0 - - - 0. 0.5 0.25 0.03 0.15 0.11 1.0 1.4 T 0.1 - - - - - - 0.03 - 2351
(o) Low-lying sands, B_r“_on.n to flooding
PITY 0-12 5.3 0.7 0.037 19 0.98 1.5 0.3 0.21 0.16 0.1 2.3 3.8 &1 0.1 30.3 52.6 4.3 10,3 0.9 nil 0.047 - H1037
12-30 4.7 0.36 0,024 15  0.19 0,6 0.1 0,02 0,05 0,08 0.9 2.8 32 0.1 15.8 45,9 4.0 13.2 0.8 nil 0.016 - 1038
10-50 4.6 0.30  0.025 12 0.15 0.4 0.1 0,02  0.05 0,13 0.7 3.1 23 0.0 45.0 30.3 2.8 20,2 1.2 nil 0,026 - 1039
50-80 4.7 0.1 - - 0,04 0,3 0.0 0,01 0.06 0.16 0.5 1.0 18 0.4 - - - - - - 0.035 - 1040
u22 G-30 5.5 1.26 0.088 14 0.5 3.4 1.5 0.0} 0.27 0.2} 5ad 7.0 11 0.2 - - - - - - 0.05 - H2370
30-53 5.5 0.26 - - 0.1 - - - - - - - - 0.3 - - - - - - 0,03 - M
53-90 6.1 - - - 0.1 2,5 1.2 tr. 0.05 0.30 4.1 4.2 98 0.5 - - - - - - 0,02 - 2372
(¢) Pale sands, from Karroo sediments ’
L14 0=-30 6.4 0.35 0,021 17 0.4 1.2 0.6 0,02 0.08 0.14 2.0 1.4 100 0.0 46.8 43.7 4.8 4.4 0.4 nil 0.020 - H2049
30-60 5.8  0.12 - - 0.0 0.4 0.25 0,06 0.05 0.15 0.9 1.1 82 0.7 - - - - - - 0.012 - 2050
60-90 5.5 - - - 0.0 1.2 1.4 0.14  0.05 0.1 2.9 3.8 16 1.5 42.5 30.1 5.3 195 1.7 nil 0,013 - 2051
{s) -Pale sands, with water—table
1 19 0-30 5.4 0.69 0.050 14 0.4 1.1 0.7 0.05 0.29 0416 2.3 3.3 70 041 47.2 35.7 6.0 Gal 0.9 nil 0,026 - H1999
$ 10-60 4.8 0,37 = - 0.2 0.4 0.6 0,01 0.22 0,30 1.5 1.5 43 0.1 41.7 29.6 33 20.3 1.5 nil  0.020 = 2000
60-90 5.4 - - - 0.1 0.5 1.4  0.01 0,09  0.40 2.4 6.0 40 0.9 - - - - - - 0.012 - 2001



TABLE 1) (CONTINUED) - ANALYSES OF SOILS FROM THE ETLOMBERO VALLEY

Fro- Horizon ©pH Organic Total Avail, Exohangeable oations m,e./100 g. BoLl Conduotivity
file om. [+ u c/y P & Total Capao- 155 Satn.  lab. ¥o.
Ho. ity gravel sand sand 311t Clay Moisture CaCO3 ext. ext.

% % Bgs B % % mmhos __m-mhos

NON-ALLOVIAL SOIL3 (Continued)
(£) Othe? pale sands

P168 0-13 5.6 0.48 0,038 13 51 1.5 0.5 0.10 0.14 0.1 2.4 34 i 01 38.7 50.2 4.3 6.1 0.8 nil 0.020 - H975
13-24 6.6 0.15 0.016 9 0.1 0.8 0,3 0,02 0,05 0,33 1.5 2.2 68 0.2 50,0  41.7 3.5 3.6 0.5 nil 0.022 - 976
24-35 1.6 0,08 0.006 13 0.0 0.4 01 0.00 0.04 0,35 0.9 1.0 50 2.3 60,6 4.1 3.3 1.3 0.2 nil 0.024 - 971
35-75 8.9 0.16 0.022 1 0.1 9,3 2.3 0,00 0.13 3.0 14. 13.7 100 11.6 27.2 33.0 6.8 28.6 4.2 0.5 0.254 - 978
75-120  $.0 0.07 0.012 6 3.7 - - - - - - - - 6.0 21.8 28.2 12,0 34.8 4.8 5.2 0,170 - 979
120-130 9.2 0.09 0,007 13 14 1446 3.7 0.03 0.11 6.3 24.7 20,8 100 54.2 42.8 15.4 7.0 31.9 4.0 n.d.  0.370 - 980
130-150 9.2 0.05 0.002 25 0.8 - - - - - - - - 18.8 17.7 24.6 9.3 42.5 5.8 2.2 0.470 - 981
160-170 9.3 - - - 0.2 - - - - - - - - 43.3 57.8 9.2 3.5 27.8 3.1 n.d. 0,320 - 982
170-150 8.5 - - - 0.2 - - - - - - - - 0.1 3.8 14.1  18.8  55.7 8.0 0.3 0,296 - 983

P253 0-15 5.4 1.00 0.060 17 0.7 1.7 0,6 0.10 0.06 0.12 2.6 5.9 44 0.0 42.6 40,7 4.3 9.9 1.1 nil 0.162 - H2016
15-55 6.0 0.23 0,015 15 0.1 0.4 0.2 0.01 0,04 0.05 0.7 141 64 0.1 55.1 35.7 3.0 4.9 0.3 nil 0.206 = 2017
55-15 5.2 0,23 - - 0.1 - - - - - - - - 0.1 - - - - - - 0.071 - 2018
T75-165 5.5 - - - 0.0 1.5 1.2 0.05 0.04 0.14 2.9 4.0 T3 0.1 3.8 26.2 3.8  35.0 2.1 nil 0,023 - 2019
105-150 5.4 - - - 0.0 - - - - - - - - 0.3 - - - - - - 0.051 - 2020
150-190 5,5 - - - 0.0 2.4 1.9 0.03 0.00 0,38 4.7 9.9 47 0.5 32.0 18.0 3.0 45.6 2.5 nil 0.038 - 2021

(g) Orey sandy olays on eloping ground

5 0-30 5.4 1.71 0.090 20 4.0 8.1 3.4 0.17 0.21 0,75 12.6 15.7 80 [N 26.1 34,3 13.0 21,3 3.4 nil 0.135 - 1590
30-60 5.8 0,98 0,048 20 0,2 - - - - - - - - 0.9 - - - - - - 0.108 - 1591
60-90 6,5 - - - 0.0 5.1 3.7 0.03 0.14 0.68 9.7 10.1 96 0.6 24.8 30.3 9.8 27.3 3.8 nil 0.070 - 1992



e

TABLE 14 = ANALYSES OF BUTLS FROM THE LOWER RUFIJT

Pro~ | Horizon | plil | Orgunio | Total Avall. ohangeable oations m.e./T00 ;. soll Stones | Mechaniual analyeis, % of fine earih Fractien Conduotivity
file om, c ¥ c/u P Ta | Hg ¥ Na | Total | Capac—| Sain. | and | Ooarse| Fino 115
No. ity gravel sand sand | 811t | Clay | Moisture Gonou oxt,
m * mg. “ m n_. m—mhos
SANDY LEVER
B2 0-5 6.1 2.21 0.141 15 32.5 4.8 2.2 0.15 1.80 0,22 9.2 15.6 59 0.6 27.4 50.7 7.3 9.8 2.6 nil 0.170 - N789
5-22 5.9 0,30 0.026 12  26.3 2.9 1.5 0,08 0.58 0.16 5,1 5.6 91 0.7 36.6 52,8 2.4 6.3 1.2 nil 0.115 - 190
22-45 6.8  0.09 0.007 13 16.8 2.1 1.1 0.03 0.38  0.11 3.7 3.9 95 0.1 8.0 85.9 0.8 3.8 0.8 nil 0.110 - 191
45-80 7.0  0.05 0,006 9 13.8 - - - - - - - - 0.0 28.3 67.0 0.3 4.0 0.7 nil 0.090 - 192
80-140 6.1 0.53 0,064 B 4.4 20.8 9.3 0,07 0.8 0.60 31.6 32.9 96 0.1 7.0 10,1  25.4 51,0 8.6 nil 0.065 - 193
140-158 6.0 0,21 0.025 8 6.9 - - - - - - - - 0.0 0.3 6549 8.8 21,3 4.1 nil 0.070 - 794
156-200 5.8  0.24 - - 5.3 - - - - - - - - 0.0 0.9 22.9 17.5 51.2 8.3 nil  0.080 - 795
B! o-10 7.2 2.13 0.115 19 17.0 11.9 3.4 0.06 0.61 0.48 16.5 16.7 99 0.0 5ad 66.4 10.5 14.4 2.6 nil 0,155 - H803
10-18 1.6 1.05 0,060 . 18 16.4 11.3 4.3 0.05 0.32  0.33 16,3 17.0 96 0.0 0.9  67.6 10.5 18.0 3.6 nil  0.066 - 804
18-22 7.3 1.01 0,085 12 4.9 - - - - - - - - 0.0 8.5 33,2 24.0 2B.6 6.4 nil 0.075 - 805
22-30 7.3 0.T1 0.045 16  13.3 8.6 2.8 0.12 0.25 0.13 11.9 12.5 95 0.0 3.7 35.2 9.3 15.1 2.8 nil  0.060 - éos
30-43 7.4  0.19 - - 10.4 - - - - - - - - 0.0 - = - - - - 0.043 - 807
43-58 7.4  0.30 - - 139 Te+1 3.0 0.06 0.20 0.13 10.5 10.5 100 0.0 5.0  715.3 4.5 12.2 2.4 nil 0,048 - 808
58-63 1.4 0.53 0,046 12 2.8 - - - - - - - - 0.0 - - - - - - 0.070 - 809
63-85 1.6  0.19 - - 10.7 6.1 2.4 0.03 0.17 0.15 8.8 8.4 100 0.0 24.7 53.2 6.5 11.) 2.0 nil 0.055 - 810
85-122 7.8  0.35 0.027 13 10.9 - - - - - - - - 0.0 2.1 6.3 6.0 12.7 2.7 nil 0.052 - 811
122-150 7.7  0.83 - - 10.0 18.0 3.6 0.01 0,55 2,67 24.8 28.5 87 0.0 - - - = - - 0,080 - 81z
3 150-190 7.6 - - - 0.4 - - - - - - - - 0.0 0.3 9.3 26.3 55.9 9.6 nil  0.112 - 813
PO 0-12 7.1 0.91 0,078 12 17.5 7.5 2.4 0.05 0.62 0.1 10.7 11.4 94 0.0 12.0 48,2 14.8  20.4 3.2 nil  0.051 - K946
12-25 7.3 0,51 0.039 13 545 Tel 2.9 0,01  0.46 0.16 10.6 1.1 96 0.0 18.1 58.1 T«0 12.1 2.0 nil 0.031 - 947
25-70 1.5  0.06 0,007 9 4.1 2.4 1.0 0.01 0.08 0.06 3.5 3.8 92 0.0 25.0  69.4 1.5 4.0 0.7 nil 0.020 - 948
70-140 7.3 0.05 0.004 12 5.3 - - - - - - - - 0.0 14.8 78.5 2.0 2.2 0.8 nil 0,024 - 949
140-200 7.3 - - - 9.7 - - - - - - - - 0.0 12.6 81,3 1.8 1.9 0.7 nil 0,024 - 950
200-205 6.9 0.42 0.052 8 1.5 - - - - = - - - 0.0 0.7 19.7 3.5 43, 6.6 nil 6,071 - 951
CLAYPY LEVEE
B5 0-12 6,7 2,16 0,129 17 8.8 16.2 4.5 0.14 1,51 0.47 22,5 26,9 84 0.0 2.5 46.9 18,3 26.6 5.0 nil  0.100 - H872
12-28 6.6  0.69 - - 6.6 - - - - - - - - 0.0 - - = - - - 0.035 - -
28-50 6.2 0,72 - - 4.7 - - - - - - - - 0.0 - - - - - - 0.070 - -
50-75 T3 0.1 0,013 8 8.5 3.6 2.2 0.04 0.1 0.13 6.1 6.7 91 0.0 6.2 80.8 2,3 8.6 1.8 nil 0.030 - 873
75-85 1.5 0.30 0,033 9 4.1 2.8 2.7 0.06 0,11 1.04 6.8 T.T 88 0.0 0.6 38,6  21.3  33.4 6.9 nil 0.040 - B74
85-155 7.2  0.57 - - 4,3 - - - - - - - - 0.0 - - - - - - 0,080 - -
155-165  T.3 0.27 - - 4.6 - - - - - - - - 0.0 - - - - - - 0.080 - 875
165-180 7.5  0.09 0.014 3 4.2 4.0 2,4 0.06 0,07 0.8 1.4 7.3 100 0.0 2.2 84.0 1.3 1.1 1.8 nil  0.050 - 876
ALLUVIAL CLAY
BS 0-8 6.1 1.50 0,109 14 1.3 21.8 6.8 0.09 1.25 0,48 30.4  42.1 72 0.0 0.8 4,8 28,0 58,1 9.3 nil 0.128 - ¥196
8-25 6.0  0.77 0.067 M 5.0 19.0 6.6 0.12 0,35 0.44  26.4 9.0 68 0.0 0.3 5.8 25.5 58.8 10,0 nil 0,087 - 197
25~38 6.1 0.41 0.053 8 3.9 18.7 3.6 0.12 0,18 0.67 23.3 3.5 4 0.0 0.5 23.T 22,0 46.5 8.3 nil 0.092 - 198
38-75 5.8  0.41 0.060 I3 4.5 - - - - - - - - 0.0 2.3 5.8 27.5 53.8 10.9 nil 0.098 - 799
75-100 6.1 0.37 - - 4.1 20.6 4.2 0.10 0.M 0.65 25.9 36.9 170 0.0 7.7 10,1 16,3 58,2 9.9 nil  0.110 - 600
100-135 7.2 0.07 0.010 17 5.6 2.1 2.0 0.05 0.09 0.30 4.5 6. 68 0.0 42.6 43.8 2.0 10.2 1.8 nil 0.098 - 801
135-200 1.7 - - - 4.7 - - - - - - - - 0.0 1.9 8.9 23.5 58,6 10.3 nil 0.125 - 802
B8 o-8 6.4 1.53 0.174 9 2.4 21,1 6.6 0.54 0.58 1.4 30.2 31.5 81 0.0 0.1 19.3 22.3 49.7 8.4 nil 0.112 - ¥814
8-16 5.9 1.50 0.174 9 2.6 20,6 6.0 0.61 0.39 1.6 28,6  37.5 16 0.0 0.2 16.3 21.5 52.2 8.9 nil 0,103 - 815
16-22 5.9 1,00 - - 4.3 - - - - - = - - 0.0 - i - - = = - - 815
22-50 7.0  0.53 0.059 9 2.6 18.0 9.2 0.09 0.36 8.0 35.7 38.1 94 0.0 3.0 10.3 21.8 55.8 10.1 nil 0.130 - 817
50-70 9.0  0.29 - - 2.8 - - - - - - - - 0.0 - - - - - 0,32  0.260 - 818
70-90 9.6 0.10 0.013 8 4.9 3.3 2.1 0,00 0,10 4.4 9.8 T.7 100 U.0 4441 39.4 2.3 12.5 21 0v48 0.200 - 819
90-130 8.8 - - - 4.4 - - - - - - - - 0.0 25.9 59.4 3.3 9.4 1.9 nil 0,100 - 820
P207 0-15 5.9 1.41 0.066 21 1.7 21.8 5.0 0.16  1.46 0.5 28.9 37.8 16 0.0 1.9 6.7 29.8 51.1 T+4 nil 0.044 - H1268
1540 6.3 0,74 0.063 12 1.0 21.8 4.9 0.06 0.T1 0.8 28,3 36.7 11 0.0 1.2 10.7  30.3 50.4 7.5 nil 0.026 - 1269
40-75 6.5 0.74 0.055 13 0.8 - o N - = s i [ 0.0 = = o - = s 0.027 - 1270
15-125 5.6 0.55 - - 0.3 22.0 5.5 0.07 0.43 2.5 30.4 41.2 14 0.9 0.2 4.9 23.0 65.5 1.7 nil 0,032 - 1271
125-180 7.2 - - - 0.0 - - - - - - - - 0.0 - - = - - - 0.055 - 1272
1680-190 8.4 - - - 0.7 13.7 6.0 0,00 0.18 1.6 21.5 18.4 100 0.0 0.5 574 10,3 25.7 1.4 nil 0,048 - 1273
B7 012 6.3 2.40 0,183 13 5.5 14.5 13.3 0.48 1,92 1.0 .2 41.3 6 0.0 1.8 o3 26,0 56. 10, nil 0.0 - a7t
y 12-10 6.0 0.60 - - 4.1 - - = % - P i dt 0.0 - ml = ¢ lw l_.— - o.._ww " 1...
J0-60 5.7 0.60  0.045 13 4.4 12.3 16.7 0,63 0.61 5.4 35.6 39.9 8 0.0 1.0 3.8 14.5 70,0 11.6 nil 0.600 - 878
60-96 4,7  0.64 - - 4.1 - - - - - - - - 0.0 - - - - - - 2,100 6.3 879
96-140 4.5  0.30 0,036 8 4.5 2.8 5.6 0.18 1.14 4.6 14,3 32.4 44 0.0 0.3 9.6 19.8 61.2 11.4 nil 1.750 7.4 880
140-190 4.2  0.41 0.044 9 4.6 1.5 5.7 0.17 1.38 4.0 12,7 30.8 41 0.0 0.8 18.5 18.8 54.4 9.6 nil 2.100 9.4 881



TABLE 14 (CONTINUED) -~ ANALYSES OF SOILS FRO! THE LOVER RUFLJI

-

Pro~ Horizon pH Organic  Total Avail, Genduotivisy
file om. c N c/u 3 115 Satn. Lab No,
No. ity gravel sand sand 8ilt Clay MUWoisture Cal0y ext. axt,
% % miTe “ 2 % m—rmhoa m—mhos
ALLUVIAL CLAY (Continued)
R20 -8 6.9 2.44 0.155 16 8.8 10.0 5.0 0.28 1.06 1.2 17.5 23.0 16 0.0 1.3 50.2 18.8 24.4 4.5 nil 0.035 - uBa7
B-22 8.1 0.93 0.088 11 4.4 16.2 4.4 0.02 0.44 3.2 24.4 26.4 g2 0.0 1.9 42,0 16,0  33.1 6ud nil 0.165 0.7 888
22-50 8.6 0.42 0.043 10 5.0 4.3 3.1 0,00 0.24 3.9 21.6 23.9 90 0.0 2.1 44.0 16,3  32.4 6.2 nil 0.200 0.6 889
50-55 8,2 0.16 - - 1.0 - - - - - - - - 0.0 6.3 T4.4 8.0 10.4 2.3 nil 0.120 - 890
55-70 8.1 0.17 0,023 7 3.8 8.6 4.4 0.00 0.17 3.0 16.2 14.7 100 0.0 1.4 68,9 1. 19.1 3.1 nil J.1B0 - 891
10-95 8.9 0.35 - - 2.9 - - - - - - - - 0.0 - - - - - - €. 240 - 892
95-120 8.6 0,41 0.043 10 2.9 16.2 4.5 0,00 0,50 9.8 3.0 21.5 100 0.0 2.1 9.2 17.3 62.8 10.9 nil 0.250 - 893
120-155 8.2 0,26 - - 2.5 - - - - - - - - 0.0 - - - - - - 0.235 = 894
155175 1.0 - - - 3.8 - - = - - - - - 1.2 84.4 12.4 1.3 2.3 0.4 nil 0.100 = 895
175-210 6.8 - - - 6.4 - - - - - - - - 0.0 - - - - - - 0.135 - 896
B24 0-20 1.6 1.76 0.132 13 5.4 14.4 10,7 0.29 1.2 1.0 27.6 36.5 16 0.0 0.1 6.2 15.8 66.6 10.5 nil 0.084 - R900
20-70 5.8 0,96 0.094 10 6.7 12,8 4.0 0.21 1,2 2.4 20.6 37.3 55 0.0 0.2 6.9 15.3  65.3 10.9 nil 0.250 - 9501
T70-100 5.3 0.24 - - 3.8 - - - = - - - - 0.0 - - - - - - 1,300 1.6 902
100-180 5.3 0.12 - - 4o 7.4 4.3 0.01 5.4 Te1 24.2 32.4 15 0.0 0.3 12.9 20,0 56,5 10.8 nil 0.300 - 903
ALLUV.
mo 0-8 6.0 .22 0.207 16 3.9 25.3 10.3  0.39 1.39 0.54 1.9 43.9 86 0.0 3.3 8.8 20.5 57.8 8.7 nil 0.124 - it
8-18 5.8 1.79 0,145 12 2.8 20,7 7.5 0.29 0.90 0.43 29.8 33.4 89 0.0 7.2 22,8 12.B  49.2 1.0 nil 0.075 - 822
1838 5.9 0.43 0.038 11 2.1 - - - - - - - - 0.0 34.5 23.7 7.5  30.1 5e1 nil 0.070 - 423
18-85 6.4 0.20 0.027 1 1.8 - - - - - - - - 0.0 - - - - - - 0.072 - 824
85-100 6.8 0.13 0.015 9 1.6 8.6 2.5 0,01 0.17 0.35 11.6 11,6 100 0.0 41.9 15.6 5.3  29.2 5.3 0.64 Z.067 - B25
100-165 8.0 0,11 0.011 10 3.5 - - - - - - - - 8.7 - - - - - - 0.155 - 826
165-180 8.1 0.09 - - 4.2 - - - - - - - - 4.4 24,7 20,5  11.0  37.6 6.8 1.29 0,178 - 827
BANDY CLAYS HARDENING ON DRYING
R12 0-3 Te1 1.51 0.116 13 2.9 4.2 2.7 0.22 0.51 3.2 10.8 12.2 8y 0.0 38.8 29.7 9.0 17.9 3.0 0.170 4.9 waz8
3-10 1.6 0,15 0,035 10 2.5 - - - - - - - - 0.0 36.7 30.1 Ted 22,9 1.5 0.150 - 829
10-17 9.5 0.21 o.022 10 2.1 1.8 4.6 0.01 0.64 11.1 24.1 2.2 100 0.0 23,7 25.8 9.0  35.0 5.9 0.420 57 830
17-45 9.6 0.17 - - 2.5 - - - - - - - - 8.2 - - - - - 0.700 - 831
45-90  10.1 0.03 0.005 & 1.4 1.2 0.7 0.00 0.41 20.1 22.4 19.3 100 9.8 28.0 27.8 8.6 31.0 5.4 0.890 5.7 832
90-140 9.9 - - - 1.5 - - - - - - - - 9.3 - - - - - 0.980 - 833
140-190 9.7 0.04 0,007 [ 1.8 3.8 2.5 0.00 0.25 23.4 30.9 25.1 100 3.0 16.5 31.8 12,5 4.9 6.6 0.830 9.0 834
H.B, Soluble salis wers not removed before determination of exchangeabtle cations.
ALLUVIAL CLAY OVERLYING SAUDY LEVEE
P158 0-15 6.0 2.04 0.123 17 1.6 17.5 9.5 0.0T 0.77 o0.27 28.1 4.3 a2 0.0 0.6 22.5 26.8 44.9 5.8 nil 0.042 - 935
15-10 5.9 1.20 0.068 18 0.3 14.6 9.1 0.07 0.74 0,38 24.9 3.8 14 0.0 1.3 21.8 21,8 47.2 7.3 nil 0.047 - 936
3045 6.1 0.51 0.049 10 0.1 10,2 5.9 0,04 0.26 0,38 16.8 20.0 84 0.0 0.7 56.2 8.8 10,1 4.0 nil 0.031 - 937
45-15 6.3 0.14 0,025 [3 0.1 7.2 4.3 0.01 0.15 0.29 12,0 14.0 86 0.0 1.5 70.8 6.3 19,1 2.9 nil 0,031 - 918
T5~115 7.1 0.12 - - 0.4 - - - - - - - - 0.0 - - - - - - 0,064 - 939
TABLE 15 -~ ANALYSES OF SOILS FROM PAWAGA
232 0-15 7.0 0.50 0.050 10 0.8 14.8 4.9 0.02 0.34 0.38 20.4 19.6 100 2.5 30.0 28,5 T.5 30,2 4.3 0.0 0,053 -  F1636
15-30 8.3 0.16 0.024 1 0.9 - - - - - - - - 1.5 - - - - - 1.1 0.086 - 1637
3075 8.8 0.07 0.016 4 1.1 16.2 7.8 0,01 0,32 0.4 24.7 18.9 100 1.0 20.5 26.7 8.5 26,7 4.5 443 0.082 - 1638
75-130 8.8 0.09 - - 1.0 - - - = = - - - 2.0 - - - - - 3.9 0.088 - 1639
130-190 8.6 - - - 1.2 14.4 8.5 0.01 0,34 0.33 23.6 22,4 100 3.5 19.5 33.6 15.0 29.0 5.2 1.4 0.079 - 1640
235 015 8.7 0.37 0,044 8 1.5 27.1 6.3 0,01 0.66 1.2 35.3 n.d. - nil 14.3 19.4  12.3  48.6 6.8 2.3 0.145 - N1650
15-135 8.6 0.32 0.039 8 1.3 - - - - - - - - nil - - - - - 2.6 0.177 - 1651
35-100 1.8 0,26 0.036 7 1.5 37.2 14.0 0,02 0.64 6.0 57.8 n.d. - nil 12.8 19.3  11.5 49,2 7.4 2.6 2.101 6.5 1652
100-170 7.9 0,12 - - 1.2 - - - - - - - - nil - - - - - 3.8 2,801 10.1 1653
170-190 3.6 .10 - - 1.3 19.8 6.4 o0.02 0.38 9.0 35.6 n.d. - 1.0 15.6 25.8 13.5 38.4 6.6 4.7 1.118 9.2 1654
216 2-15 8.1 .43 - - 0.9 20.3 6.2 tr. 0.95 1.7 29.2 26.9 100 - - - - - - nil 0.100 - N1655
15-30 8.6 0.41 - - 0.9 - - . - - - - - - - - - - - nil 0.168 - 1656
0-80 8.7 0.36 - - 1.1 10.6 15,7 tr.  0.32 3.8 30.5 n.d. - - - - - - - alight 0.589 541 1657
80-130 8.3 - - - 1.5 - 5 - P = = - - - - - - - - 8light 2.213 12,9 1658
130-180 8.2 - - - 1.4 11.1 18.8 0.02 1.06 17.1 48.1 38.0 100 = - - - - - slight 2.839 12.8 1659
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Fig. 3. Sand ridge on the site of the Mbarali Irrigation Scheme, Usangu. The trees are
Acacia spirocarpa.
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Fig. 4 Recently deposited clay in the Mwima Valley west of Madibira, Usangu. (See
also figure 5}.
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Fig. 11. Alluvial clay subject to prolonged seasonel flooding. Profile B15, near Msaka,
Usangu. '
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Fig. 13. Gilgai relief in alluvial clay near Wanginyi, on eastern edge of the Usangu plain.
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Fig. 15. Alkaline sandy loam on Usangu plain. Profile J4 near Igunda.
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Fig. 16. Soils with sodium carbonate, near Kilambo, Usangu, looking south. The ground

is mostly bare.
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Fig. 17. Overstocked land near a village, Usangu.
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Fig. 20. Looking up the Kihanzi Valley from near Luavaka, Kilombero Valley.
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Fig. 23. The site of Profile 257, an alluvial loam, at Mkula, Msolwa Valley. (See also
figure 25).
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Fig. 24. Older alluvial ciay on the left bank of the Msolwa River, south-east of Kidatu,
Looking west towards the Southem Highlands escarpment.
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Fig. 25. Alluvial loam, Profile 257, at Mkula, (See also figure 23). The scale is marked

at 10 cm. intervals.

ig. 26. “*Pale Sand” profile, Profile 253, near Kiberege, Msolwa Valley.
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Fig. 27. *Clay with partial overlay of sand”, Looking towards Kiberege and the Southern
Highlaads escarpment from near the Msolwa River (near Profile L3).

:
i
3
l,;'. 'y‘,__‘ _____
= * g1 "":- - .
£
& - - 5 s .
- : . '“ Lon
YRR ' :
= & ; N .":'.':.".-' it Eah L\
¢ / Ve LTI SR, (LT e e P
i a8t SrmsiatdaRd e famitud iug wekaks 5 i,

Fig. 23. Rice-fields on “low-lying sandy soil” near Profile 253, Msolwa Valley, The
huts are for crop protectors when the grain is ripening; birds are the chief pest.
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Fig. 29. In the Magombera Forest in the Msolwa Valley.

Fig. 30. The RQufiji at Zombe locking downstream.
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Fig. 31. Rice-fields (in the dry season) on alluvial clay at Zombe, on the Rufiji River.
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Fig. 32. Prepariné ground for rice on the Rufiji delta.
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