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I -~ INTRODUCTIORM

1 - QRIGIN OF THE SURVEY

A prefeasability study realized in 1974 by "Dookers
Agricultural end Technical Sexvices" brought a Tavorable
response tc the establishment of 2 suger cane estate in the
region of BUNGOMA - WEBUYE,

Fcllowing this study, a zone of 5,000 hectares consis-
ting of the best soils had been denarcated and proposed for
the "Nucleus Estate" of the "N'Zoia Sugar Project". Around this
Nucleus Estate, approximately 30,000 hectares have been set
aside for the "Out Growers".

This report renders an account of the detailed survey

realized by "Technisucre", of the 5,000 hectares proposed by
"Bookers".

2 - LOCALIZATION OF THE ESTATE

The area studied is located in the Western Province
(District of Bungoma); along the river Kuywa, tributary of the
river N'Zoia (principal river of the western part of Kenya),
which flows into Lake Victoria. The zone extends between 0°30!'
and 0°40'" latitude North, and between 34°40' and 34°45!' longi-
tude East.

The Nucleus Estate is situated at approuximateley
15 km as the crow flies to the East of the town of Bungoma
(see sketch). It is bounded (topographical map 1:50,000 Bungoma)
to the North by the railroad Nairobi-Kempala, to the West by
the road joining the villages of Sudi-Station and Kongoli-Market,
to the East by the road Khalumuli-Mangana ; the scuthern boundary
passes by Mangana school and Khawcli-Market.

3 - METHOD OF WORK - CARTOGRAPHY

The area mapped out has a surface of 5,000 hectares
composed cf approximately 3,200 hccteres of well drairned
uplands and 1,800 hectares of lowlands which are naturally
deficient in drainage.

The surface was developed between March and June, 1976,

The accuracy of the study was based on the following
standards :
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- in the uplands : 1 cbsecrvation (pit at 1.50 m) every 4
hectaree ; the pits were alined at intervals of 200 meters ;
in all, 78C observations have been made, 31 representative

- profiles (1 per 100 hectercs) have been sampled at 3 levels
for purpuses of analysis ;

- in the lowlands : 1 observation every 2 hectares ; these
observations have been distributed on lines spaced 200
meters apart, roughly perpendicular to the thalwegs or rivers j;
on these lines, pits of 1.50 meter deep have been dug, spaced
200 meters apart. This network of pits was then completed
by auger holes 1.20 meter deep, situated at 200 meters
intervals and alternated with the pits ; about 800 observations
have been made ;3 19 representative profiles (1 per 100
hectares) have been taken at 3 levels for analysis.

The 50 representative profiles sampled on the
ares, have been described according to the standards of the
FeA.0. The following analysis have been made : grain size dis-
tribution (5 fractions : 0-2%, 2-20we, 20-50}, 50-200 -,
200-2000 '), humidity =t pF 4.2, pF 3, pF 2.5 ; carbon ; organic
matter ; nitrogen ; total phosphorous ; catiocn exchange capo-
city ; exchangeablc bases ; pH (water) ; bulk density (on appro-
ximately one thirtieth of the profiles).

On the other hand, measures of permeability (method
MUNTZ) and of drainability (method PCRCHET), have been formulated
on 2 soil toposequence in the lowlands which will necessitate
a drainagc system. '

The limits of the morpho-pédclogical units have been
reported on a topographical map on a scele of 1:10,000. This
sheet hes been obtzined by a reduction of the map to 135,000
(rcalized by "Geosurvey Internztional", in December, 1975).

We have broaded the concept of exclusively soil
cartography, while taking into account all the components of
the environment (landform, nature of the material, hydrological
regime, processes of pedogenesis ...) which are strongly
linked to each other by reciprocal intersctions and which defineg
"morpho-pedological units"

We have applied oursclves to thec characterization
of the forms inheritecd from the past, as well as the prescnt
forms and processes ; this approach has thus permitted us to
logically map the limitations of thec environment whether they
be static such as thec decpth of a cuirasse and the texture of
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the soil, or dynamic such 25 the present and poitzntizl morpho-
dynamics, thc hydrolaogical rog , the guochemical processcs
of pedogencsis, the biologicel azctivity of the termites.

.
-] e

The geomorphologicel spproach scems the most rational
in order to definc the uniis of the cnvironmcnt with the

maximum logic and pracision (‘;.‘;L-;ir'!a:; into account the number of re-
quired observations).

We have thus represcntcd on  the map synthetic
morpho-ptdological units, whese different components arc
analyzcd in detail in the lzgend 3 the  "yse rasults ef
this analysis are summarized in tho columns "econstraints",
whether the latter be of a pedolegical, hydrological, morpho=-
dynamic or biological naturc.

According tc the importonce of these difforent
restrictions and the difficulty of thec necessary management
in order to reduce thum, we hove weds 2 land cl
bascd upon thecir suitebility for the growing of sugar canc
on = large non-irrigeted plentatione These classcs ere inci-
catod on the suitability =m=p, separate from the morpho-
pedological mape.







II - GENERAL PRESENTATION OF THE REGICH

The landscepe of the region of Bungomo-Webuyce is
composed cf highly cultivoted interfluves running roughly
from North tc South, with wide convex summits 3 thusc inter-
fluves pre linked to the hydrogrophic system by "glacis”
whose rectilincar or slightly concave inclines sre on the
order of 3 S%. The summits of interfluves arec ot an =ltitude
varying bctween 1,450 and 1,500 mcters. Insclbergs ond piles
of large granite blocks appear speorscly and forn the gsscntial
features of the lccal roclief.

The whole is dominoted to the North by Mount Elgon,
an cnormous volcana of the tertiary oge, zpproximatzly 4,500
meters hiohe To the East, the "Nandi Escarpment" o foult line
running NW-SE, on which is situated the town of Webuye, domi=-
nates the region from 100 to 300 meters ;3 this escarpment
diminishes progressivcly towards the North.

The substratum is composed of very cld rocks
(precanmbrisn) basicslly granite, grencdiorite, sandstonc nnd
schists more or lcss metemorphized.

The climate of Bungoma is tropical cof altitude
the average annual rainfall is from 1300 to 1400 mri, with
a maximum in April and Mays A large dry scoson oxtoends frem
December to March (40nuhly averages obove 40 mn]. A short uns-
table and comparatively dry scesen tarkes place in June end
Julye The averzge of the maxima tcmpersturcs is about 29°T7 C
from Februcry to April ;3 the average of the winimz is about
25° 4 Co in Julye Insolatien is hich (2789 hcurs pox yeor)
with n maximum in December (8.8 hours a doy) and a minimun
in July (6.5 hours). Svapotronspiration is alsu high (1685 mm
per year) with a minisum in Junc (180 mm) and July (138 mm),
and o maximum in March (193 mm).

These altitude climatic conditions involve a growth
cycle for suger canc from zC to 24 menths ;3 without irrigatiens
the cane ma; sufftr from drvnese, on scmc sandy soils, bctween

December and FMarch.

ive in all thec Westorn Kenye, the use of the lond is
impartant ; the population is dunsc but scattercde 11 the

slopes are cultivoted as well as the zlluvial terraces. The
hase crop is maize but one can nlsc Tind millet, F wgay mallot,

ing
becans, cassavo and small bzanana plantotions. The zencs with
induroted plinthite or wherc gravel is near the surfecu, ere
less cultivated and arze generally lcft under fallow and
covercd with bushes. The poorly draincd zonus ("gl‘c1"" linking
the dopus to the talwegs) are seldom cultivoted ; thcy arc
covered by grasslands scrving a8 pasture for hirds of cattlc
(oxcs, shcep)e







The basement of the rogion is composed of precambrian
ockse AeBe GIBSON (1954) clossified four large gruups, which
in chronoligicel order were the foullowings

- the "basement systomn" composcd of rccks formcrly cons‘dcrud
tc bc the oldest ;3 it was attributed to the lower precembrian
(Archeap) s However, it was proved later thot these formotions
wexe in fact more recent than those of the "Ryenzian and

virondian Systems", The term "Bascment System" although
huvlng lost its original significancc, has been conscrved out
of habit.

This systum is composcd of mectamorphic rocks :
metamorphic schists, cnciss, migmatites ee¢ Those formatiocns
have becn crossed by intrusive rocks (granites and pocgmatite S ).

They aore localized to the Noxth of theenandi Escorp-
ment" 3 they do not cxist in the regicon of Bungoma.

- the "Nyanzian System" @ volcanic formations (rhvolites, tuffs)
more or less metamorphized, that are sbserved in outcrops
reduced and discontinued enly nlong the "Nandi Escarpmient®, to
the East of the sitc studicd.

- the "Kavirondian Svstem" : Sedimentary fcrmaticns lightly
metamerphic (rather finc feldspaothic sandstones, sholes)e Thesc
rocks can be scen on the surface, cssentially along the river
N'Zoias. In thec regiun which intcrcsts us, the geelogical nap
indicatus their presence, mainly on the left benk of tho
river Kuywa, but we have ncvir scen outcropse

k

“

- thc intrusive posterior formaticns : the imtrusive "nost
Kavirondian" granites form the lorgost pert cof the btdrock

aof the region of Bungomaoe These intrusive recks belong teo

the "Kitosh batholith" and form the Herthen limit of it. Tho
main focics arc the following : bictitc 1nH hornblend granitc,
gronodiorite, granitogneiss, basic rocks (hornblendite).

nll thusce rocks are gencrally rich in black fecrro-
magnesian and basic nincrals ;3 this 'Lch.u:q is due to phencmens
of chemical exchange within Kavirocndian stdiments.

- Some fine ond locplized intrusions cross the proceding forma-
tions : porphyrcid granites, pcgmntitus, aplites, microgrenites,
pcridotites, dolerites. Veins of quartz arc small in sizc but
extremcly numrrouse.







The limite Setwsszn the intrusive granitc rochs cnd
the sandy schist rocke of thu Mavirendian Syston®, ths tw
fermaticns which intorcst us in the rogicn of dungumn, is
vory indistinct coneidaring the srofeuad "forrellitic! clte-

Th: grcin size distributiun of thye rochs, in portl-

culgr thu sz w9 ths preperis of ths grains cf quartz,
y o e
LE Taund

soam o heve =0 inacreioncw on thi texturce ¥ thHe 5ei1ls
‘ sut in spite of t

A of thi. hzschent on tho onu
= ; .

4 ccrtsin numbur of velcanic sno tectonic cvenig as
well =s pericds of poencplancticn wccurrcd after the ond of
the prcecanbrizn,; ond these cffoeted or ccvercd the varlicr
formoticns ibed above (heBe GIESCH) 3

- the lorger fzult cscarpment closc Wobuys |
coyld Rave bBooen fornod butween the und of the Procs brizn znd Th

upbuilding at thc Bepinning of the

- Four phrees of pupuplenctien would hnve successively worn

f
¢ procanbrian baosemente Thust surfacus orc scheraticeclly

. tho "erctoguoous surtoce’ o which o fuw traccs

i B - D = - * - - ' - Y e = -
reiiain at obout 2,300 mectoers zitituds in the

buoinning nf tho
Kitnle) which is lecated

- =re

3 b
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o thie "Sub-miccine
it it .

o the surface fermed ot thiu wnd of turticry cond
found at =n nltitude ¥ about 1,500-1,600 metuzs.
The pebblies of quartz thot crc frequently scon
in the grovel sheot, at the best cf ¢t

h
- loamy esver, on the inturfluves in the
Dungoms swum to be characte t
This one is tangonticl te the lorgely conve

intorfluvess







|
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IV - P.ST 0D PRESENT GEOMDRPHOLOGIC,L _EVCLUTION

The landform: of tho . rogl
succoesion nof hills, widcly ccnv

clongated Merth-South. Thesc int
telwaos by nmeans ef a "linking g
concave, with inclinee 2 to 3 %.

The study of thesc twe principzl units of the

lzndscape is going ti permit us to consider th: mnjor past

and prieent morpho=pedological procctscSe The inhzzitancus of
the past ore essontiglly scen on the well dra;;gd intorTluves,
while the present phenomena are visiblu on the hydre morphic
"linking glacis". /s wo shall rf:,ifc role of ths %vbrq;l,iciﬁ
ru”imc plays o ﬁrcpumdLr:nt sart in this morpho-padologic-a
CvQ |JL1\ e

1 - THE #ATERI.L GF THE SLOPES

n suction in the material of the interfluve, such
a5 one observes ot Sudi-Stotion {railway cutting), shows us
thc fullﬂwxng successicn, from tup te bottom
- &0 a variasble thickness, between 0,50 oind 4 noteors ¢
reddish-yellow tc red materisl, without mottles, voxy -
gencous, of o sandy=-claye v~1'~my texture, with = fricble

”Iuh“”t cnarse 1“*“*3.

- o "gravel chect" of ¢ vazisble thickness (2T te GC
fustoonud, aond cempesed of ferruginous cluments (zzthor
frizble nodules, blcecks of cuirgsesc) angulesr piccees
cme pebblee of quartz ef fluvictilc crigine Tho pro
of quartz aznd of ferruginous cluments i ia

Vory verl $ in
coxrteoin placce, there is proticaily nuothing but fragmente o

artz, whilc clsuwherc cne st very fow of thema
Sometimes, the grevel sheet is comented intc Cuirnssca

- a mottled cleyey wmotericl, cftcn hardened br
with =z2n =lveclar structure. The ‘lV;u¢C5 uhlch

nblong arc €éither cnpty or filled with frioble ek
while the anostomncesed divisicons ot hardonod b 3 e

This materiz) is cruszcd by numerous quartz veins, unwoeri .o j
it is thus autchtone § it reprocsente o clayoy altesation zon
of thc granito-gneissic bngsements This motiled level hes
retained fermer hydremorphic trecuesy it was formezly saturavec
by ground wcter, HJSLIiﬂg the progression pratio;
Then thc woter level hoving doscendoed, it
raticn,

kness of this "plinthite" is of the

i
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- a sandior rlturati;n matorisl; of o ropy color, WhRDy
still recognizes the structure cof tho roc ind the mincrols @
powdercd khh¢ini5ud feldspaors, flarxcs of micn 3§ the censis.
tence is lcoscs The depth con reach 20 neterss Ground watorx
saturateso port of this material.

The passagu botween the moze vr less induratod plinthite and
the micacceus alteration zone is gradual.

This succession is very charccteristic of the
interfluves ;3 the enly things which vary in dopth oxe the
uppir ceovering layer, which is very intcresting fiocm the
agronuinic puint of vicw, and the undulating gravel shoots

In this secticn ene cen wender cspscinlly nbou

the following facts

- tho perfect hoemogencity of the coluured czvering layer
deveid of the slightust coersce elcment.

= the very aobrupt passsge of this matorisl to ths lower
gravel shect

~ the praescnce of suumc pobbles of quartz of iy 23 2
origin in the grzvel shpvﬁ, mixed with fragmonts of dincuzs-tid
plinthite and with 2ngular quartz cuming from disl
veins. Thosc qguertz PhbhﬁJS ar¢ not found in large
but orez present at ony lovel of the interfluves (ot
cummit cs well as on tha slopes).

2 - THE MORPHC-PEDCLCGICAL EVOLUTION OF THE INTERFLUVES

Thuse pebblersy; ond thiir areal distributisn arc
cvidence of n climaotic phasc with much mcxe contoresicd
roinfoll rogdme than priscntly, pu:ﬁnftln on: dmportaont
solid discharge fronm th struamse Their pruesunct confisms
the existonce of an triginel surfeoce, wit F l*“qp fluviatile
over-spreading, reminding picdment cence (purheops ‘“inin,tiﬂg
from the hnﬁnl Escarprment)s This curfacce could theon be the
fourth surface (end tertiary) propesed by weB. fl“of{ by
relation to which thoe summits ¢of presunt intoerfluves q'w1”
bc tangent, &s o result of a later cvelutiens This cvolution
con be imegined in the fellowing woy

ISr"‘

after the intconse meorpho-climatic coenditions,
which have presided in  tho formatiuzns of the surfeocc, now
conditicns of a2 morce uniformly humid cnvizonment and with
good forest covering, bogan tu dnv:lup 3 during this poericd,
the intense ferrallitic pedogenceis and the stebility of the
environment permittced z prefound clterstion of the granito-
gneissic bascment.







Then, new changc

9
of the cnvircnnent (more conet ne g ¢
the basz=icvel, or both ot the same ti ), have Yed to tho
degradation of the criginal surfoce cutting by tht hydrc-
rephical systun, :u¢rht1Li ef slupcs 3§ the correlative

l‘j’J:l

cducticn of tho ground watcr brought ebout the progrossive
induraticn of the zltureticn products (plinthite) which was
nc icnger saturated by thies wetcr. This evecluticn preduccd
o surfacc recwecrking of the scil with o tendancy to the

"inyersicn of the moteria lﬂ" by headwerd cresion @ the cocroer
clements, blicks of cuirassc, gravels and nodulcs of plinthite
auartz fruu wnte and pubb;u , ~re nct carricd fgr cr cven

cencentrnted withocut moving, while the alteoration zene still
sble underncath, undergeues o miner eolluvi-l | ) 094 i L Lo o = i R R

and thus ccmse tu reccver the gravel shaet.

Such 2 dynanics is nat, however, toe be envizagod
as buing perfact, ond a fuw coarsc cluments should necessciy
remain in the "ecovering layer" 3 tho gravel shect sught to
be cmbodied in 2 rathcr impertont certhy matrix. This is nct
the case howcver 3 merciver thesc twe matocriels arc porfectly

[}

suparated by a clenn discontinuity.

In cxder to oxplain thesc tects, we think that the
role of the termites is undconizbles Thesc animals prescntly
have a considorable activity, abeve the surfocc as well ac
helow thoy build hillocks from 2 to 4 mecters high (1 por

(&%)
(o
-

’
hectarzc on thu averazge) capable of buing as lerge as 5
ot the basc ; but betwsen thesc lorge "mature" termitc hills
there remgin trocos formor conotructicns in diffcrent
degrecs of degradation, or embryonic tormitc hills. This s
result in the cemplete ruwerking cf the intoxfluvc.

[3

I

is very difficult to bc procisc ns to huiw long
this biclugicel aoctivity has buen gui 3ne The toamites arc
must cetive in a saft Hﬂfr4;=1, with bolanced grnin 8izC
distributicn, permanently mois but nct subju ct to wotar-
logging. The firrallitic s:ils, witk deey griun” watun; 48 o
sufficiently hunid climate (without = too '
constituto the most favoerobla envircnment
of envirenment which is provclent in the Wosd

Even withcut knowing how cld this biclogical
activity is (which wust be :JnJ-uJ in 1 f yorrs), it
is proceecntly cccuring in such a scht cular hat vne is
cbliged tc consider tho termites incordoer tu o =in the
claborrtion of the "covering loyer®

The tcrmitis havi compl wcrphrgenctic
acticn resulting in the inversion of the coorsce matersisls,
Thuse animals have brought to the surfacc the Tine particlis
constituting the matrix of tho grovel shuect ;3 the caarser
clements which cculd romain in the covering leyor have cescon-
ded little by little in order to beeceome 2 part of the grovuel
shect ;3 thurc was thus o prigres
in ccarscr cloments, ond & h:nrg
the limit botwocen the twe metori
cleorly dofined.

.n
=
o
b oF
5
5
b )
£
r\

stion of the covering lay

11z
8 w28 thus able to beeono

A LI ot ack 1 i nﬁrgti;n &F the Lotter







ns a result of the prepondcrent but
activity of the termitces, the distribution of 5
on the interfluves, in particular their thickness, docs
obey any predictable lawse The depth of the gravel shoet
(recimented or not in cuirassc), cr of more or lees indura
nlinthite is difficult to reproscnt an o nap with precisi
ts sceMs however that the induraticns arc generally closer

to tho surfacc at the summits of the interfluve ;3 et the

time of the degradation of the initicl surfacc (end Turtiary ?)
the processes of regressive crosicn cnding in on "inversion®

of the coarscr moterials wes undoubtcdly le:ss intensc "nJ

less well defincd upen escending towerd the water partl PJU.

The covering, of murphogenctic origin, wes then less thicrk
morcover +thce hardening of the plinthite was preferentially
produced =t the summit of the intcrfluve, thirc whesco the
ground water wns roduced the fastoste CenuL1Jpnt1y, e~ ShEns
tes thus had less soft motorial te rewsrk and their cctivity

Wac lL:SG.

3 - ROLE OF THE PRESENT GECCHEMICAL PROCESSES 1M THE
EVOLUTION OF THE L.AHDFORD

The interfluves with well drainaed slopez and
highly cultiv:tcd rod soils, pass, usually abruptly, tc o
"linking glacis" with rectilinesr to concave slopes (1 t5 4 %),

\ .
joining them to the properly so called lowlands which are more
or less wide and flouodnblc, or directly to the stream.

This "glacis" is gencraclly net cultivatcd ;

one find therc o grassland without trooes, a8 nastuxc.

The loarge termite mounds heve praocticolly ?i:?ppunzud I
c"ntrﬁﬂt, they ore extremely nurerous ond close teacther oo
the bcginning of the "linking glacis™ ; this linc of termitc
hills underlines very clcarly the beoundary with the slopss of

the well draincd interfluvis.

We arc now in tho presence
which is very differcnt from that cf t
current goochemical and hydrolegical preoccsses play fu
roles in it.

f o type of envircnmind
b

3¢l = Tepasuquence un the "linking glaclis" and thc

- B - e Sy ol S S e S e S S g S Swe S

lewland (or the pJ_-‘*in)

The study of the materisls and the poedogincsis
which affects them (that we shall du i in greater detaoil
in the follecwing poges) shcws us the fellowing sccticn

- 4dn . the uppeg pact of the "linking glacig" ¢ the soails
o light color, are lenched 5t n thickness of apprcoximat
60=-120 cm, thecy nare rich in conrse s-nds 3 in deopth one







pcescs progressively (withoeut diecontinuity) to a metilod
clay, very hydremerphic 3 this matericl is beinmg impoverished
undcr the sffect of a leaching hj the ground watur, which
lecads to o prugressive dougradoticn cf the clays and to their
olimination to the base of the glacis.

The ground watcr which, un the intorfluves is lecatued in the
decp sandy alterntion zocnoc cutcreps on the Ylinking glacis"
particulory at the top. Here 2 line of springs is located,
many of which are permanent. This spring line correspuonces to
the "inflcction peint" marking the passaoge between the
convoxity (iure cr less ci:*r? ¢.f the basc of the wi:ll
draineéd slupes of the interfluves, and the concavity of

the "linking glacis". Theo zones of permancnt scepage forming
overspreading cones, show scils having o top organic herizen
af the "hydrcmor" typce

in _the lower port of the "linking glacis" : the incline
lessens (1 to 2 %) ; thc suils show a distinct difforenci
thc upper part, still sandy, from 40 to 70 cm thick, rests
cn a claycy fleor by the intcrmediary of a discontinuity
which becomes more distinct as one progresses towords the
base cf the glecis ;3 the clayey lecvel presents vertic
characters which beccome gqually strongly sccentuated downs-
trcame There is a very clear cnrichment in swelling clays
of the montmorillonite type.

- in the lowland or the flcoodoble plhin, pretically flat
(incline less than 1 %), situcted (when they oxist), in zn
preclongaticn down from the "linking glacis", the swelling
clays arc in cven grcater preportion and invaeda aimest the
totality of the meterial. Thure reweins only o top horizen
trem 20 to 40 em, of silty Tthu ¢, and which scems to be
o relic of the len ch“ horizon that cne presently observes
on the "linking glaci

3.2 = Tht present morphepdological cvoluticn

- ——— - -

The ground watcr, which is near the surface or in
cutcropping below the linc of termite hills, degrades the
lkeclinic clays of the covering laycr ;3 the products cf
cegradetion nre draincd off towards the boettom ;3 the cnly
thing left rema ining ie the sandy skeleton of the material.
The degradeation progresscs from top to bottome The upper part
of the glacis is then a guochemical envirenment of draw off
cf materinl. This draw off nrocedes towarcs the head 3 the
slopes prcqrcssivaly "melt" under the action of o true
geochemical planation.

»n& the slopes recede, aond thus enlarge thc glacis
the tcrmitc hills which werc prescnt therc are abandoned ;
termites which don't suffer long wnt I1nglﬂu rotreat and
rebuild their hills higher up 3 there is in somc nmanner, o

iy [t

T
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"swouping up" cof the tormite hills ot the top of the "linking
glacis", This is what cxplains their impressive concentratic
in the form of a string of bcads ot this point.

k| -

The base of the Ylinmiting g;.Llu, as well cos
the plain or lowlznds, which nre FLUt, cons titute o goochonmical
cnvirenment of sccumulation ;3 the degradation pxe ducts of the
kaolinic clays from the linking tch1g, recombing in o

confiped medium favorable tc the formaticn of montmorillonite,
sincc it is o question of a sandy alteraticen zonc which issuo
frem rocks gencrally rich in ferro-magnesizn basic ninerealg

(grancdicritcs).

These nucformod sweolling claye, aftcor haoving
invaded the low arcas which beezrie compactid znd saturated,
procced pregressively headwaords 3 the middle cf the "linking
glacis" is thus n mixed medium, whoere the vertic charccters
arc nct yet very cloor, but which is nevertheloss invaded
little by little duc tc blockage in the lowlands. When the
claycy fleer is sufficicntly compect, therc is preoduced in tho
sandy upper part of the szil, o bypedermic flow and an abrupt
discontinuity at the ccntact of the twe materizgls. This dis-
continuity marks the ccnvergent meeting peint cf two procosses
cn cne hand the degradation of the kaolinic clays progressing
from top to bottom, on the other hand, the neosyntheusis and
ascending nccuhul.tlvn (ebligqut and vertie=l) of montmorillonit.
It is o geochocmical limit ; the lotter is nearcrthec surface
at the base eof the topossquence, where the zate of accumulation
surpasses tho rate of degradeotion, and finslly invades the
whcole profile ; inverscly, at tha top of the glecis where onliy
progressive degradaticn znd draw off are produczcd, the discon=-
tlnu*ty does not yet exist.

In cenclusion thc present shaping of the
londfeorm is esscnticlly meonifestod by 2 progressive ICUIUJS_’W
of interfluve sleopes, undar the acticn of a drew off by grounc
water jthe slope recoedus for the benefit of the enlar n“.imt
of thc "linking glecis", = true gecchemical, laboratory.
This glacis becomes lerger little by little and sctually is
quite largec in some plhce ;3 its slope thus becemcs wealor

dowstrecam (less than 1 %) =nd it cvolves towards = veritable
plain with completoly impermcable moterial, very clayey, with
strong vertic characters, very wetcrlogged and often Tleodable

in rainy scason,.

This is the casc with plain berdering the right
bank of the Kuywa River, in the perimeter of the "Nuclcus
Estate".







4 - THE ,LUUVIAL FORATION

Only the main
oy alluvial deposits. The
linking glacis ; the small
outcrops.

he KUYWA Riv
state", is a

T
the "“uc]eu E
atchment upstri

River. Its
Mount Elgon.

The present b
alluvial terrace ; @ vertit
meters high canalizes the
meandering ; numerous bend:

A number of rot
bed o7 the stream and fgorm
terrace is inset in the fli
the base of the linking ql
faint varying in level fror
vertic clays, dominates th

The alluvial
"basel gravel", containing
water-worn quartz pebble:s
consolidated by a ferrugine
sometimes form little bars
"basel gravel" is ' uncerta:
dirxectly on the alteration
Tills the little pot-holes
corresponds to the initial
(strong competency) in a el
crosive.

Below, a fine
from 3 to 4 meters thick cc
of the terrace. The freshne
pedological cvolution of tt
to this upbuilding.

c

3 = THE PRESENT MORPHODY N Al

This morphodyr
responsible for the prosent
we have scen, is rather of

- on the intexf Juvrq onz ob
very intenstc but 1s gencral
located around large termit
effat privilecdoed places wh
enormous size and their imp
mesorcliefs The termite mou
about 10 % of the *otal sur

T T YO Y T TIPS T



rographic axis are bordered
le rivers cut directly the
arprment aften shows rocky

the main stream which crosses
ge tributary of the N'Zoia
is located on the slopes of

f the KUYWA is encased in an
banl: escarpment from 2 {10 4
r 3§ the bed is extremely

t back on themselves

bers (granodiorite) cross the

tle rapids. The alluvial

ble plain of vertic clays, or
; an escarpment more or 1ess

to 3 meters and cutting the

rTace.

ey —— e ———

rial begins with 2 level of
ruginous fragments end some

the whole is more or less

cements This coarse level

the beod of the str-ean ; this

nd often absent. It rests

= of the basenent 3 3% sometines
the rocky bede The "hasel gravel®
58 of cutting by the st
te which was probabl

tured recdish-brown deposit,
Ltutes the csscntial material
f the terrace and the weak
sterial indicate an age reccnt

s is rather discrect. It is ot

iping of tho landform which, os
Hemicel neturc,

/cs, shect-wash which is not
ls The wost affccted areas a
1ls. The termite hills are in
morphodynamics zppear., The
Nt density produce @ hilly
more then 2 mecters high occupy
‘s They are generally void of







vegetation, and their slopes azrc steep 3 they arc thus scnsi-
tive to stripping on their poeriphery, but they arc regance-
rated progressively by the adding of particles set mpart

in the subsoil ; one ends up thus with these large domes.

'

w0

e in a proccss of degradation,
E ¢ totality ot the

moterial very sensitive to the
c cohcsian of the porticles

s s disappeared.

The domes which 2
and which cover in reality almo
surface, relcase a clayey-loamy
action of the rain us soon as t
by thec sccretions of the termit

h
C

These morphodynamics result ncvertheless more
in & local redistribution of the materials of the termite
mounds than in a general movement toward the lower slopes.
The water run-off has the affcct of spreading by wash crosion
the particules constituting the hillocks as far as the ceater
of the interpolated spaces.

The richness in silts and in pseud
the material, ond its weak structuration ars TESPONSAt
for a "glazing" of the soils,

(=)

1

]
3 )

L »

On the low slopes of thc interfluve, upstrears
from the tocrmite hills line markino the passage to the linkin
|

(Feu ]
e

glacis, the slopes are generally stecper (3-4 %) ond the soil
sometimes in the beginning stages of lesaching 3 their sendicr ;

texture mekes then especianlly sensitive to shceet erosicn P

'

stripping is conscquently more frequent thore.

-~ an_the "linking glacis" the prosent morphodynamics are

o1
o ——— i (-~ '

! = el Me A

1i¥TIc Inportances TRe Gnvironment is gencrally "pencstable"
that is to say that the balance is maintecincd by the presence
of a grassland which covers the seil woll, the glacis being

not wcll cultiveted. The material is howecver very fragile. in ;
its upper part, due to its Sanoy texturc, end the cultivation

(especially annual crops), rapidly sets in action the |
stripping. :

Very localized landslidcs somctimes affecet the 4
upper part of the linking glacis at approximately the spring ‘W
lince Thesc shcarings or gullying are provokcd by the chemical R
drawoff of the material, watcrlogged by sub-outcropping ground
water 3 this is intensificd by the cattle.

Finelly, we should mention frequent manifostation _
of concentrate morphodynamics on the snall cscarpment situctod 3
at the basec of the linking gltcis or of the floodable plain,
cut in the swelling clays, and which overhang the alluvigl
terracc. It is » preferantial zone cf convergence of the running
waters from the floodnbic plein or the glacis. Thu gullics
which are¢ formed therc recade by headward erosion 3 landslidces
are produced, which arc carried away by the stroam.







A cortain of envizonment

naturally cmerge in the . wese morpho-podological
units arc defincd by @ group of chaor: tth__;lLL and :;Llelc

processce which have strong reciprocal interactions in

particular :

- the landfeorm, the tepography, the morphodynamics
- the nature of the meatcrial

- the hydrologicael regimc

- the pcdogenesis procesces.

It is not ques
£

which would offexr little of teres t r 1
individualized natursl synthetic units. The diffecrent compc-
ncnts which characterize thesc units, can be sources of lim:
tations for the growing of sugar canc,

Upon lcaving the high points towerd the Rives
Kuywa, five major mozpho-pudological units cmerge

b ] o= L S | - -y Fre = ra £
- the well drained interfluve slopes
- the lower part of lightly hydromorphic irtorfTluve slopos
- the linking glccis
- the floodablc pLlolr
- the z2lluvial torrace.

These units hove slready beon dofincd an t
precceding chapter concerning the gencrzl geomoxphologicad
d;acrlptiLn ef thc arcae

1.‘4‘(.‘, ri: Now G1LNGg to EX2MiINg '._11\ # 38 1 7 S & det _;.l
That will ~llow us tc difforzentinte the various types of
centraints and to drow out ©of coch the conscquences fexr th
industrial cultivation of non=irricanted sugor cance
1 -« THE VWELL DRAINED INTERFLUVES SLUPES

1«1 = Londform - Topogrophic pogition

The elongated interfluves consist of a
o

levated landforin with rouchly
g =

slightly
~onvex sumipits @ their width

1pprmxiW“ttly 2.5 kilomcterse The differonce in level

4

C
i
between the rocky bed of the stre
i

i and the summit of the

X
"fLr:1UUL is from fifty to sixty meters. The interfluves are
cparated by wide h”ﬂ*“"ozph' zones ("linking glacis™"

and
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£ RN, [ S, B
floodablc

p
cnvironmaent is mponifested b

The inclines of the intex

graducl ¢ O to 2 % on the summits, 2 tec & % on the slopes
The latter oxe rectilincar orx tend to b conviXs

On the interfluves, the L,:f'LT._u =t highl
building hills which can bc as “ucd as vTour neters highe

3

y

generelliy

~ctiva,

ThL'.

lorgest tecrmite mounds (2 to 4 meters high, 20 to 30 rmeters

in Ll:m;ﬁur 't thc basc) have o

the averagce But zmong the lott
which arec much more flattecned, in diffeoren
i

dotion, cxr on the contrary, young termite hills in tho o

of being constructed. The topography in de

‘

W
hilly, which wall hinder the prepcoration of the teérrain
the time of planting.

17 e

ney nectare an
nd sommz hillocks
.}

e e N
stnges of aeqgra-

1T

Iy

The interfluves ore currently well cultivoted

1«2 = Noture of the material

The materisi |
geomorphological suxvoy of
obscrves the following succoss

- W rod, yod ochrao, oy vellow.an homogennus, Trisble,
of & loamy or loamy clayoy texturc without coarsc clementis

A\
T ut is permconecntly moist (even gt the end
the dry scoscn) belew o depth of ore meter 3 the termitos

find an ecnvironment theore which is very fovoraoble to their

CavVQO=

As we have formerly stated, it is prebably
ring matericl, of portini 1v nworphodynamic crigin (colluvial
dcposits having been washed down a short distesncc) and,
pn*tl 11 y of biclogical trlqin 8 a result ¢f the intonsc

actiwvi LI
deposit and concentrated the coarser particles at the b

This red matericl, uxtrene.

agriculturc, has a variobloc thickness @

intorusting fr
can be lacking

: i
of the terxnites : the latter have homogenized tho

us

(]

whun

the undexlying qrthJ sheaet comes tu the surface but elsewhoro

4

it can attain a thickincss of 4 meterse. The nrobable role
termites in ite forme®tion cxplains the u

Timie g -3

thickness

3 tho 't

scurce of difficulty for pping since i

ations of 1its

I

of
]. r ..‘-I L— _:‘

docen'!t follow any lew of perceptible distribution

ud







~ 4 aravel shcet composed of a moze ox less cunsclidatud
agglumcrate of

o forruginous nodules (particles of herdencd Pllﬂthitg, but
still rich in clay) from C.5 to 5 cm, wide, re

or hllrLlfh in color, vory irreqular in foom,
gencreolly nct anuth.

« fragments of zll sizes of alveclar cargpece (plinthite)

i

c guartz is

« p ieces of angulaor cuartz of 211 siezs ; the
often rottun ready teo diszggregation 3 it rosults
directly from the diemantlement and from the reaping
of the very numecrous veins of guertz

. sonc residual pebbles of quartz, of 2lluvial crigin.

This gravel she
the covering matcrlnl, but it
canposit*ﬂn (propcrtiens and s
in thickness and in consistcncye. It scems that in g:ncral, the T
ments of rugged quartz arc more =zbundant =t the basc of

the graovel sheet ;3 somectimes one find forruginous nedulos

only, whilc elscwhuere the gravel shect may be compasco

solely of fragments of quertze The frequency of the letier
depends upon the lucal donsity of the veinse The fragmenis

arc more or less cementad together by iron 3 they can t
independent (absencc of corthy matrix in goncral) =nd ther
they do not grcatly impede thc growth of the roots 3 but in
cecrtain cases they arc firmly wclded together in 2 veritableo
conglomeratic cuirassc and thoen the gravel sheet constitutces

cp is precsent cvorywherc undex
is extremcly 1ranuJ*r im
s of the various components),

a fTloor which is impenctrable to rocts. The degree of consoli-
dation, very important from the agronomic point of view, is
not however capeble of Luinq mapped cut when enc ¢ s into

account its extreme veriebility. finally, the thicknese alsc
varies greatly becausc the yravel shecl is very unevone

tne

The gravil sheot prebably criginatod with
dismentlement of an original surfacc (end tcrtiory surfeoco)
mere or less indurasted in the zono of glteration, and cov which
the upper part hos been zeoworked ;3 this has mixcd the agnments
of plinthitc, broken veins of quartz and the existing P
ficial formations, un particular the alluvizl formgtions of
which tht pebbles of quartz sre all that cuzrontly remoine

i 45

UPETD -

The coarsur fragments are currently found coen-
centrated at the base aof a covering material due o theo
action of erosive and biological processes that we have
mentioned =hova.

~ lMottled clavey-ferruginous altcration zoune more or luss
I firmly indurated (plinthite) t one passes no% intc the
ruthoctenal unworked matericl 3 the veins of vur‘tz have nct
I been disturbed here. The materinl, of = gencrelly dark red

L‘mm—————-—————————————-—-——' _







color, ics ©f zlvenlar structure § the zlvecules more cr less
herizontelly elongated; =zre empty cr filled with a kroolinic
clay which is pele and frigsble ; they are scpecrated oy
anastomoused divisions herdened by iron. The whole con hove 2

relotively frigble cons Wo,tnry (especially in thm Lower port
of the maoterial), but it is gentrally firm, duec to the effect

of hardcning processocs (more or less proncunced). In general,
the consistency is thot of a hardpan, thet is tu say, theat theo
natericl is brecakable by hand, but loczlly one cen find a

real cuirassc which is very harde.

(scveral mete ; one often cbserves oblig
which cut =acress one gncther, and which can bie the cvidence
of secttling, originating from the chemical draw off{ which
occurs at lcwer depths in the sandier ion products
saturated with ground waoter.

hese glteraotion products are gencrally thick
) c
s

The indurated matcrial evelves very littlc

from the bic-gcochemicsl point of view 3 it is inheritod
from ancient pedo-climatic N 2

former hydrunﬂrnh4c "ferral
ground weter used to circulz $
of « change in the bese level or
was lowcrcd (it is presently situate
15 m), which cre "tcr the irreversible indurotion of t
cltoration products.

- i _lozny-sandy ¢ situzted underneath the prece-
ding lLVfl (progressive paossage), less cleyey and lees forsu-

’
gincus than the latteres The mincrals are ¢ L gnizeblic
(kaoliniscd feldspars, kes of mica), o5 well o8 the

Tl
structure of the rock. It represents the prescnt
alteration zonc of the bascmeont | '
of which = large part is s

[
)
=
F
L1
]

The materis

of a pale coleor (light red). These cen
be quitc thick, abeout 10 necturs th |

along thc fnnsurCf of gronite which
residual bouldors dhtLLiJH:tt into

- Unwogthered rock, granite, grancdiorite and o
found in river beds. Unc finds them elso in the
partially visible domes, large isclcoted blecks s

blocks on thc summits of intcrfluves. It is
of residual granite cores having resisted "ferrolliti
alteration bocouse of o preogressive lowering

(mechenical or geochemical leveling)s Large blec 33
granite can subsist at the intcrior of any unc of the metorials
thet we have just describede Their alteration can roally cnly







1
38
L g

proceced at the base of thoe succession j it is enly ot the

intcrior of the loamy-sondy alteraticn zenz that the nydzo-
lesis of mincrals (ground water) is cepable cf buang mointained @
abovec, the blocks are "fixed" and practically no longer

=lter. On the surfacc then thesc blocks cften form cutcrops
withcut rocts in the immediate ncighborhceud of which the

scils can bt very deop.

1.3 - Hydrclegicael regime

- Ground water impregnates o poart of the
zone of zlterction. This wetcr is coftc
on thc interfluves the inhabitents prcocfer
at the plesce where the spring cmerges, o
linking glacis.

- the surface woters (rain) scep ropidly down, the motericl is
in effect highly filtcringe. At nu moment does the roinwater
stegnate cn the surfacc cr ot any level under the scil ;3 thc
red upper moterisl never shows signs of cmuorphye Thore is
thus no preblem of draincgc.

1.4 = Envircnmont ond processcs

It is new necessary to disting
depth at the level ef the initisl ond pr
the bascment, and whore chemical procus ri
what tokes place in the uppor part of the sccetion wherc the
biological and physicc-chemical prccusses prevaile

It is ncecessary te give cgquol consideratis
prcsent processes and te those of the paste The lat
be fixcd, but are alsc capoblc of being the center of
superimposed pruccssts.

ct

We can distinguish from bottom to

- the currcnt deep geocchenicol procossis, which taoke place in

accous alternticn zoncs The ground wator
which impregnates this materinl assurce the hydrolisis o f
minerals and the climinaticn of suluble products 3 it is -
"furrallitie" alteraticn on which we shall not insist gance. it
doesn't prescnt any dircet interest for agriculiural dowvcl recnta

This initial alteration zone cvalves little by little ftowards
the uppor part, by clayificaticn and 2 certain iron scgregaticn,
in order toc produce a hydromerphic mettled clay.

—— e ——







nctzble evoluticn

o The ncttled hydrum:rphic clay, pesscs progressively to
firmer and firmcr moterial which ends up by hardcnning
into aivuulrj 1ndu:w;;d plinthite. This indurgticn is

1

thic résult of g rather yapid Tc”ucti'n of thc ground
woter at a mement of the Quaternary (lowecring cf the
basc level), which accelerated the er‘qrti:n of the
ircn l“p“ErP.f;ﬂﬂ thoe material. Thls "indurated
plinthite® zloceclimatic inheritznce, is "ixed" and
no lecnger Lv_WJ:s when thoe claycy =zlveules,
by the ferrugincus rigid divisicns, hove been degraded
or leached.

« The gravel she "ituntcd abcve the nlinthite arrived
at o sunile stage of maximum clnantrﬂt1un by thc
termite, when tﬁgru practically no longer exists any
claycy matrix between the ccarse fragments.,

- Current precesscs in_thce red covering moteri

1t is not eesy to distinguish the present
past in what concerns the pnysicel chemicnl charncte
such as rubcfoction ; it is procbeblc thet the nermanent
mixing and roworking by the termites has been rssurine exccellent
drainage fzr o very leng time, which is an coscntiecl cconditicn
fcr rubefaction.

The presunt pzccrusses ~re of css ally biclcogiczal
crigin : the termitcs have an intonse ~ctiv uncer th
surfacc as well as zbzve, in the tormite mhunu Thiare is
permancnt process comprising ¢ the roising of ::il particles

from down decp towards the surface {”UHLI‘US hynsguum galocriczs),
the clabcratisn of the termitc hill, and finelly its degro-
daticon by crosion ;3 the ruunded deme-like shope ot the summit

is the result of the ceoncurrcncs betweoen th
end the rcworkings by rain crosion o the s
landslides).

The material) of tho tcrmite hill is cloyey-sondy-
loamy 3 tho cavitics arc dumn:u:t;; by rigid partiticns
(secrecticns ¢f the animals)e At the basc of the termite hil)
is often found an accumul ation of crazse celearcous segrey
with angulsr cdges and capable of boid ing 20 em largu. Thess
largc nodules are never found ~gain in the scils ;3 % I
rapidly ot the time of the deqradatior =f the tormits hill.

Botween 20 and 60 cm “ocn, the soils
shoew a firm and relatively well structurcd 1
with the frisblencss cond absencze of structure of the hesizen
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o FoiteDs classificaticn @ tn
Bungoma are lncnd in the
When the indurated plinthite
is put in the classcs f i o
this plinthitc is less than
as a2 "plinthic" fcrralscl :

ie = trug cuiransse and it is
if this euair

n1ithic" phese 2 e i A c! 3GP
pheose when the non coemented gravel shoet is locate 2y gt §
100 cm duepe.

1.6 = Canstrnints fer the griwin f sugar can

1t

The principal limitata ricultural developr

and more cepecially on the growing :
the important density of termite hills on one hand and ©h:
=vailable depth of the soil on the othe

cane are dup to

the presence of large termite hil jeneral, The hillochs
from two te four meters high, 25 o neters at the bheso,
occupy 10 % of the total surface at the rate of 1 per hecare.

- T - 1 A e e L ala
ids to a Limitatdon

The mesorelicf is then important,
which cannot be ov ooked in the work of setting of soil to
sugar cane. Ihe le ina of the termite hills by bulldozer is
indispenszble and C howover, once lov L
to be rebuilt little b
We should point out also. the role of the termi
as poesible parasitegof the cance

The termite hills constitute a cemmon con

+o the whole af the interfluves. sy scen nevertheless

little less frequent when the gravcl shect or tTh cuirasse art

sub=outcroppinge

- the depth of the scil. The principal soil cecnstraint procc

from the prescnce at a certain depth, of a lovel of herdpan €I
the rooting of the

gravcls capable of stopping or impeding

canc., We havec distinguishod 4 classcs of
which the gravel shset could be locauted @

nth accoxding t

. botween 0 and 50 en depth
between 50 and 1060 cwm depth
. betwucen 100 and 150 em depth

, more than 150 em dapthe.

. Indurated plinthitc or gravel shect wetn 0 and S50 e

decpth. This unit is

tRe Icvel forming an
a conpociticn varying greatly
1t is 2 question either
cuiraesc (hardcr) which

grcc asnd

distancc.
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(in this casc it is an sbsolutc obstacle » Or of a level ]
of non ccrmented gravels (ferruginous nodulus, quartz o y
fragments) ; we have then = constraoint to rooting, but

which is not redhibitory in itsclf,

The cemcntation and the induraticn, which vary eccording
to places and are not predictable, have neceesitated the
regrouping in a single unit. Considering this het .erocge=- 4
ncity, the frequency of a discontinuous cuirasse out-
cropping, the minor thickness usable by the rcots, this

unit is the lcast favorable of the intcrfluves thu scils i
there arc especially scnsitive to dryness, the sugar canc

yields will be very irregular and will reflect the hetc-
rogeneity of the land, upper

A decp sub-soiling, breaking the Eart of the hardpan is not l
likely to be effecctive, since this indurated plinthite,

when present, tends to bc quite dcepe i

This unit of sub-outcropping cuirasse or gravels is
especially located on the summits of the interfluves,
particularly on the 1left bank of River Kuywa.

 Indurated plinthite or gravel shect betwesn 50 and 100 o
____________________________________ -y i
depth lJ <e thc preceding unit, the lztter is markod Ly
hetoTogencity duc to the varicbility of the statec of cemcn~

taulﬁﬁ ?md induration of the gravel shect (distribution in
"Tmosaic") ;3 it is however a unit already more favorable in

o — st} ] et el e e e A —

spite of the weok water supply. It the uppcr friable ‘
materinl, the wvailable wat'“ content 1is bcthun 45 and

85 mn ; nuwavbr, it is the st unfavu:*‘ib cost since we

don't take into account thu nDn—nrgl Gy, but unknown,

water rescrve of the gravel level LhL Ls one is nct |
consoulidatod. ?
On this unit, sugar canc risks suffuring in the doy scaseon 3

the reaction to d‘JmLUU will not bc the same cverywhere, ’
but on the whole, theore will be a deprussi ng cffacts Wo .
classify this urit as having a mediocru aptitude for indus- I

trial growing of sugar canc. i
This class of thpth of the gravel shect is located in rings

around the sub-cutcropping unit, thaot ic to 5nV, tsscntinll
on the interfluves of the left bank of the RPiver Kuywz. |

b=

. lﬂdff-iU”_”llnLnle or_grave 1l shect buetween 100 and 150 o

dipth @ the spatial vas uhll_ty of the state of comnentation
so the impertance of the obstac?
but the scriousnuss of

1
L, 18 always very wrr:i,
this cunstraint of hoterogencity of
the environment tends to dininish with thu depth of the
gravel sheot, Here the roots have a vital spacc which i
sufficient, alth ought not optimal ;3 the vailable water
supply in the rcd friablc materiel, above the impenctral
or simply bothersome cbstacle, is betweesn BS and 125 mr,
but the gravel shect, when it is not cenmentod, then in o
very uncertain way, can equally furnish water.

The suitability for sugar cane

in

is medium to qocd,.







« Induratcd plinthitc or grevel shoot ot more then 150 cm

e el St Rl e e e b o i Ak ey S e i
depth : this unit conteins the best scils of the rogion.
They have z great depth and cxccllent physical properticse.
Their available watcr supply is supecricr to 125 mm. In
spite of the presence of lorge termite hills, which are
present everywhure, and which it will be nccosszry to put
up with, thesc zones with decep soils, well drained, have
a good suitability for sugar cane.

~ The risks of stripping

As the first works in preparing thue secil has shcown, at the timc
of the instellaticn of the nursery, the soils of the interfluves
are rather scnsitivc to sheect crosicn. This sensitivity which is
due to the richness of the matoriasl in silt and in pscudo-sands
(weak structurazl stability), is accentuated by the mesorelicef
crcated by the termitc hills ; the morphodynamics arc manifostoed
on the flanks of thc domes doveid of vegetaticn ond which stten
slopes ; undecr the prusent ogricultural cunditions, the maztericl
of the termite hill is spread out in rings around it § it
doesn't suem to have any generalized transportation downs
but simply loczl redistributicn 3 the environment is on t
whele then stable ;3 but when the soil is laid bezre in 1o
a general sheet erosion is possible, until minime covorine
the cane plants is assureds The general incline of the te
can attain 4 % on the slopes of the interfluves, which
into account the fragility of the seil ie an strong valuc
In order to limit these cffeets, it would be preferchble
carry out all the works by roughly fellowing the centour

2 - THE HYDROMORPHIC LOW SLOPES OF THE INTERFLUVES

This distinction is bascd e¢n z change of hydric
regime in the material, which is manifestcd by a envirconment
of pedogencsis marked by a more cor less proncunced hydromocrphy
thus by diffcrent soils from thosc of thu well draincd intcr-
fluves.

This type of cnvironment is chaoracteristic of cert-in
positions cf low slopcs, above thu texrnite hills linc 3 »lthough
still forming pert of the interfluve, thesc units make the
transition with the recally hydremoxrphic "linking glacis" ; thuey
announce the "chemical drawaff of the slones, which begins at
the summit of the linking glacis, beyond the ling of turmitc
hillss Tho passage frem the welli dreincd slopos with rod soile
to the slightly hydromorphic low slopes, is mede prugressivelv
This unit is not generalizoed 3 it forrms o~ discontinuous fringc ,
the inclines, with a convex tondancy, are from 2 to 4 %.

The original mecterial is the samc as that of the
well draincd slcpes, it is modified by the hydromorphic
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proccsses in tho cuvering laycore.

We have distinquished twe sub-units in terms of
the morphology of the soils and the intensity cof the hydro-
merphye.

2¢1 - The soils H_v:n a fine tecxturc

- —— e - — T L Ty A ———

These soils arc affocted by 2 hydromcrphy which
is not very pronounced, and which is menifested by swmall
red mcttles beyond the u_k+h of 1 natur.
whole tends more towards yellow ®lucrds ro
toristics of color, the socils of this unit
sinilar to the wu]l dLainud red seils descri
then to the description of thesc soils.

The hydreclegical regime is characturized by a

¥

c
fluctunti;ﬂ cf thc wetcr teble below tho depth of 1 metor. It
un

1s prcbably the samc ground weter which, on tha summit of
interfluves, is much deeper, and which cpproschs the surfacc
little by littic at the basc of the slepces The minor hydromer-
phic characters indicotc howcver that the seturcticn Uf the
scil by the ground water, when the lotter swolls during the

rainy secson, is not prolonged, and that tho soil reexydizes
rapidlye

According to the French classificaticn, thosc scils
arc locatocd among the "ferrallitic! soils weakly to madoratly
deseturated, hydromorphic,

_ The FeAsUe classification plzces them among thc
"gleyic ferralscls".

The cocnstrzints feor the growing of sugear cane orr
minors The rooting will not suffer from this hydromorphy in
depth, considering its woak intensity ond its wezlh durctions

Naturzlly the constraints of the tormitu hills is
a constraint o8 it was four the proceding soils, 2s well as
sonsitivity to shect cresion in cast of denudstion cn a lare
surfacc in reiny scason. Thue slopes are relatively stcep
(up to 4 %),

Ze2 = The coarse texturcd soils

Thesc soils of the lew slopes have arrived at a
more advanced stage of degradation thon the preccding soils j

their morphclogy tends to approximote the suils of the hydro-
morphic "linking glacis" which begins morc dnwnsbrLfﬁ.







==

.

|y NS ==

R R Sn =

- -

- thc hydroloqical ruging is charseturzisud by - *trhnﬂ
fluctuation of the watur=toble, offuct the whole of the
rmaterial up te the suxfacc 3 ths watorlogging sceems to be
pruducud at the und «f the rainy scascon, whon the ground
watcr is swollen at the meoximun 3 ot thet munent hypo=-
dermic fTlow is producitd. Thu inturcennucted ans of the

fluctucticn of the wettr table anc ¢f the hypodermic
runofi result in a pregressive i”ﬁ:ULILSh““ﬂt of thc
in clays ; the latker cli nd Lh.il prcducts

evacugted teward the low zonus of the landfe

l'“l"‘( ool

- the norphology of tho scil

. i - = . S . LA, -
L5 uvr& gray (1u N 3/1), without mottlese. Tho

ilt - T % sand)s Tht structure is gencrzlly veor
fragilc ; thore are no coarse clemcnts 3 tht consi

is vury friable when moist, ncn plastic znd no
when wet 3 tho horizoen is very
There is from 4 tec 5 % orgenic me

L

n

norr
i

available woter supply (differcnce bet u
PP 2,5 and humidity &t pF 4,2), is abiut 10 5,
The bulk density bzing on the order

£

]

is abeocut 24 mm pexr 20 en

o

i
ig leamy-sandy tc sandy=lcamy (about 12 % clay
- .

nis

\/
i}
el
=i sl
] jr_,rJ

soils The totcl ohesphor

is about 200 ppme Thz exchenge capacity is 8 we/100

the pH (woter) is about 5,700,

P consistoncu very

;i 1 slightly stichy
nrwprtlun of Grgaonic matteur is on the
(C/}f: = 11). The aval 3 U .rJI_\'
that is ‘ '
exchange
the base

EYEYR 4 obBLIVes nUNcTruus
faint mottlos the texturs is sandy=lcocnay (6
10 % silt - 84 4 5?hc) 3 there ere po lerg: ol
structurcless ;3 uxcullent poresity 3 the consi
very frieblc whuw muist stic th

1]

when woete Tho availa
T % that is to say
40 cms Tho exchange
the totnl bhascus fronm
3 tu By

by vy

of thu exchangenble boscs is sbout 6 mo/120

W
1oy =
oo
NTs ;
L org L

-y we
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very hydromorphic

‘\_..
_4 ct
e
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thin to sandy clay in depths The structury is

meist, sticky and plastic when wet,
The avzllhblh waoter s

upply is on the crder o
volung) that is tc say 135 mi per slab of soil
meter of thickness (bull density = 1,35). The
cecpacity is on thc crder of 13 me/100 Gy, 0L
of exchangiable basus is 2,5 me/100 g 3

En h Frr_,rach systocm

hed gleyseils",

In the F.,A.D. classification, they cre class

as "gleyic luviscls",

Constraints for sugar conc

Busides the mesorelicf ereated by the termit
unfavorable charactcristics devaolue these suils
rary weterlogging and the susceptibility tc shce

« wWaterlngging
the rainy sea
soils. This
can be prejudic
the crop viel

the sugar cane roots, th

these zenes, drainsge is d

. dt.lnr ng ¢ The sandy scils, with weak

>
Gray backgruund. The texturc passcs
QLHV‘CFSlVDly fre' sandy=leam tu clayey~sendy=1o

am,

modium

r blocky ; the consistence is frisble to

' tho
the pH is 6,

lling, at =~ ccrtain perioc
the ground water, saturates
ging, without being rcdhibiteory,
us

-

b

firm whean

socils arc placud

= L

exchangs
sum

in tho

ificd

the

Tt

sirable.

ak. structuxr

ability Y, arc proedispescd to shect crosicn. The latter
is presently evident in numcrous placis, more froguently
than ©n thec reod scils located more upstroom, It i: e
be feared theot at the time of prcparing the scil fer
planting, thc m(rphr-nyﬁ‘rlr” will etaxt in 2 more
gunp_hllz“d Wa
Considering +hL_s roescrvation, we will considor thia
unit to h.ut an gvereqo suitzhility for suoear canc,
completely acceptable if ono combines it with a c¢rain 0

plane.
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= 20
3 = THE M"LINMING GLACISH
d¢1 - Leandforn - '"“r“EHLC mnsition

is wcll demarcoted upstreocom by

@ hills which seperate it  fzon
fluve slcpeses In the acrizl photu-
con these two large units is very
is characterized by z darker gray

g elear linc of large tcemi

the propcrly sc called int'
graphs, the distincticn be

clear : the linking glacis

duc to the hydromorphy of the material, %c the nuncrous weoter

scepages, the miner importance ef cultivotion aond of termite

hills ; thcse zones are geonerally uscd o pasturcs.

The linking glaci

U"("

F
The glacis is concave § in tho upper part the
incline is Trom 2,5 to 4,5 9 ; it diminishes dewnstream (1 o
2,5 %), wherc the glacis joins cither directly the stresm, or
progressively the plzin with temporory flcodings

dn the Muclcous Estate, when the l“ﬂllﬂj glacis is
ed towards thu River KUYWA, this one isquite wide in plece. I
recachcs 950 metors on the right h“n\ ;3 tht upper slape is thon
3 e In wther places, in particular to the south of the
ry harrow, 1ts upper incline iz then stronger
is cut dircctly by the river cor by the alluvial
vhich is insct in it.

3.2 = Neture of the mete

- — -

Vie hovo never CbsurVL4 zny prefound sccticn En the
i el of the linking glecis, as we had buun able to do in the

T
irial of tho 1nerflJu4, sa that we dc net know what tokes
¢ below 160 cm of depthe As wu have shawn ; the linking

?

~

3
=
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00 e

s derives frem the slopes by regressive geochemical
off 3 it is then likely that the succession of moterial
is the saeme as on the slcopes situatuscd upstream from the
of termite hills ; that is tc say that from botitom to

therc must be unweathcre:!! rock, rathcr san'!y autochicn
retion products, claycy and hydromorphic autochtenal 1ltu—
on mru'ucts, a2 ferruginous and quartz gravuel shect, and!
lly a ccvering layere.
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Thu present guochemical processes (dogradestion of
clay, cdraweff) are produced in this ccvering layer an< in the
upper part of the clayoy hydromcrphic altecraticn products.
Thesc two material present then 2ifforcnt espects from thesc
obscrved oun the well drained interfluves. The prefiles will
show us an upper sandy part (impoverishe ! in clay) then, ir
cepth, a mottled kaolinic clay, in the uppcer part of tho glaci
while in the lower part, this claycy level bocomes richer an
richer in montmorilleonitc in order tu form a very ceompact f1
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ological rogime

Hycdx
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1 glecis 1s o pleac
¢ of the ground waters The lat
intcrfluves,

cmergonc
on the slopes of
inmccdiately cdownstream from tho

of springs lececoted rcughly @t the h

3 J 1
more cr less permanent way,

cencs

"
the zcnes cf permanunt scepage orc swar
"sgmi-praty" scils.

water is suf
sub-cutcropping

h"LC"L_ nearly improcticeal,

ground water scems to fluctuaote botwoe
meters deep § when the sandy tup soil
a hypodermic flow is procuccd .

3ed = Environment ancd prcceSscs o1
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In _the lower part cf the linking

alse

flcwe The uloments in sclution (hoscs,
frowm the leaching of the hoad =f the g

the
intensc

~nd

clayey flnu:, tho
by racducticn

thort is cripto

bceene mo
Hattrlﬂl,

to
tho

-

abrupt texturcl discentinuity botween
coarsc texturc (40 to 70 cm thick) and

material bcolaow.
3«5 = Choracters of the scils = C1i
3e5¢1 =~ In the upper part of

the total phosphorous content is
water supply about 12 % of thH
base exchange capacity is on the

sum of bases aof 2,3 me/100C Th

) 2
13

Te

'ﬂﬁ

kaclinic clay ef tho part downstrocam o
to pruduc; swilling clayse. Tho vortic
more pronounccd from tho hoad towords

o thon

]

In proporticon as the slupu of the glacis cdiminishes
the cnvircnment bocomos mere ané more cenfined ;3 thore is
o competition betwzoen the neoformations of montmorillonitic
clay in depth and thc procoesscve of dugradotion by hypodernic

=)

silic
CAs,

which criginatc

3L ntc the

Irie o oEn {3 ll find W0 o
choract arc morec and
fownstri:
hypodermic runcff tonds

ﬁL:lity-
1.”.‘,

&1

the puromor

1t this

a surfacc sterial of
vory Clny@y, vortic

assificaztiocn
the linkin lacis

When they are not permancntly wnterlogged, the soil
presunt thce follrwing aversge charsctars

e Ihi humic tep horxizen (Aq) 20 cm thick, vory rle gray
(16 YR 3/1) ; without conrse fraghents, locamy to sandy-
loamy touxture (19 9 cl: ay = 35 v silt - 46 % sancd) 3 werk
medium subangular blocky structurc ; consisteunce very
friable when moist, nen plastic and slightly sticky whe
wat ;3 tht orgenig mattcr centunt is 4,3 % (C/N = 11)
total phosphorcue ceontint is 140 ppm 5 cvailoblc watoer
supply is 13 %. The besa cxchanoe croacity is on the
erdur of 9 mc/100 g ;3 the sum of exch- ngazblz basis is
abcut 6 me/100 g 3 the pH (woter) is 3,85,

o Ihe intermediote horizen (Aq2) : situstes between 20
and 40 cm depth, is cdark groyich brown (11 &/2) 3
there arc ne coersc gaents 3 the tuxturoc is loomy-
sancy (11 % clay = 3C % eilt - 55 % scnd) 3 structurcless
the porosity is good ; the consistence is friable when
moist, non plastic and slightly sticly when wet.
The organic matter content is about 2,2 % (C/N = 11) ;

100 ppme The aveilable
total volume. The
order of 4 me/100 g, th

pH about 6.

e
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logged by the ground water, prescnt a topsoil of about 20 cn

thick,

structure (undecomposed organic debris) and with weak bulk
density .

Classification :

The ninergl leached horizon (Az), between 40 and 100 cn

depth (on the average), is light (10 YR 6/2), without

coarse elements ; the texture is still loany-gandy

(4,5 % clay - 41 % silt - 54,5 % sand) 3 structureless ;

tubular porosity is well dLU“1UPLd ; the consistence is

friable when moist, non plastic, non sticky when wet.

The availablc water ad“rlb is about 8 % (of the volume).

The exchange capacity is 5 me/100 g and the total exchan-
sble bases are 1 me/100 g. The pH is G,

The mottled kavlinic clavey horizon (Bg),becins at
about 100 cm depth ; the texture passes progressively
from loamy-sand tosendy=-clay-loam then tco sandy-clay.
The average texture is sandy-clay-loan (38 % clay -
21 % silt - 41 % sand), no coarse slements 3 the struc-
ture is mediun toc coarsc angular blocky, rather wecll
developed. Porosity is qgoode. The consistence is firm
to f:iable when roist, plastic and sticky when wet.
The available water supply is on the order of 11 &%,
Ls to say 143 mm per meter of soil (bulk density
)

The scils which are per: nently and entirely water-

of the "hydromor" type, of a black color, with fibrous

« French classification : "hydromorphic mineral leached
gleyscils", when these soils azc not permanently '
or "hydromorphic SL"-—UrUunlC humic leached gley
"hydromor=horizon", when they are permznently watcrlogood.

o FoAslo clascification ¢ "gleyiec luvisols" and "humic
luvisols" (or "humic gleysol F”).

JeSe2 = In the lower part of the linking glacis

HuMMic horizon (A1) : 2C em thicl $ dark gray (10 YR 4/1)

"
’

no coarse fragments ; louny to loamy=-sanay texture (16 ¢
clay - 40 % silt - 44 % sand) ; wcak medius subangul or
blocky structure ; very friasble when moist ; non plastic
and slightly sticky when wet ; about 6 % organic mattor
(C/N = 12) ; 200 ppm total phosphorous § available water
supply ¢ 18 % 3 bulk density on the order of 1 (then 36
weter supply for Z0 cm of soil). Exchangeablec capacity
ebout 13 me/100 g ; exchangeable beses : 7 ne/100 g ;
pH on the order of 5,4. ‘
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e Intermodinte horizon {;1 ) :+ 10 to 20 cn nick 3 color
grayish brown (10 Yﬁ /25 3 no coarsc ploments ;
loamy~sandy texturs (14 % cley = 33 2 % sand) 3

% silt - 52
atIdCth(lCuo ; dLDd tubular porosity ; friable when
moist , non plastic and SWLHFt Ly sticky when wet.
About 3 % organic matter L/d = 11) ; available
phosphorous content = 100 pPDn .

—l bl b besd G

] « lezched mingral horizon (A2) : 20 to 50 em thick, light

| {10 YR 6/2) ; sonc faint brownish mottlcs ; no coorsce
clencntse Loamy-sandy texture (11 % clay = 34 % silt -

] 55 % sand) ; structureless 3 very friable when meist ;

! non plastic, non sticky when wet ;3 very good tubular
porosity ; about 13 §: availsble water organic matter
= 1,5 %, Basc cxchanc capacity = 6 ne/100 g ; cxchangeable
bascs = 2 me/100 g3 pH ="9,5,

The passzpe to the next horizon is marked by a wavy abrupi
]

—— - —

« Upper part of the clayoy naterisl (Byg) : situatcd
about 50/70 and 50 cm depthe Dark grayishe-brown color
0 YR 4/2) ; many yellowish mottles i clayey texture

- -

55 clay = 11 % gilt - 24 % sand) ; well developed
Y

el to mediun angular blocky structure ; fine sub-
Tucture ; many small rounded lron=mangancse concretions
-4 mm) ; the consistence is firm when moist, sticly

and plastic when wet 3 no cloar slicken~sides yet,
The available watcr supply is about 10 %, LXCh“ﬂﬂL
Copacity = 36 mc/100 g ; oxchangeable bases = 3 me/100 q

(saturation = 65 %) ; pH = 5,6,

The uppcr part of this horizon is frequently underlined
0

by a line of small roundrd i:Eﬂ—ﬁnﬁ@;ﬂuSD concretions (2=5 mn
diamcter)es This linc has 2 variable thickness (1 to 10 cm)

and it is wavy.

o the clayey vertice material (Bzgoy), of o grayish=brownish
to dari grayish color (10 YR 4/1) begins ot about 90 cm
depth, with the prosecnce of very large slicken-sides

and » large prismatic structure (when dry) 3 the vorti cal

’
prisms arc 20 cm wide and arc Scpornted by crocks 1 to
2 cm width

3 they have a coarsc angular blecky sub-
structures The texture is very claycy (68 % clay - 12 ¢
gilt - ?D ﬂs sond) 3 thore are no coarse ctlemente, but

’
onc obsorves somc small rounded iron=mangancsc concro-
tions. THL LOHSiDtUﬂCg is firm when meist, i
plastic whin wet, very hard whon dry
have @ vory weak porosity 3 in dupth (
somctimes obscrves large calcarcous c ncrctions,
The availabls water Supply is about 15 f. Exchonge

Capacity = 50 mc/10C g ; cxchanguabls basus = 30 me/100 g 3
'JH:h.j

lﬂ———-—'——'——'————'—————-
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of benches perpendicular to the slope and inscrted between the
drain-ditches. The plots will be of oxtended shape following the
contour lines,

« The coarse texturc of the soils is the causc of their
fairly low water-supply ; during the dry season, and without
any irrigation, the canes may suffer from lack of weter.

« The considorable lateral droinability of the upper sandy
layer is prejudicial tec a good retention of the tertilizing ele-
ments which are leached during the rain season.

- Bpecific constroints for the lower pert of the linking
olacisc

« The presence of an ebrupt discontinuity in the texiurc :
during the dry scason, thie discontinuity can result in a real
"detachment" of the sand layer and a2 horizontal crack 5 to 10 mu
wide. This can be a considerable constraint for the rooting of the
cene and can reducc the availsble soil depth. This discontinuity
also interferes with a good water-supply to the cancs (capillarity
fﬂilure } .

This discontinuity can generally be found at a depth of
approximately 50 to 60 cm ; o decp sub-soiling could eliminate it
this would result in an intcrmediate horizon. Taking into account
the compact nature of the cilayey floor, this sub-soiling should
preferably be carried out at the beginning of the rein season,
after a sufficicnt moistering.

high proportion of ”le';Hg clay (montmerillonite) 5

swelling phenomena during the rain scason and a conside
shrinkage during the dry seascn which harms the peronni
system,

« High content in clay and vertic characters in de
T

The swelling of the m

ateriagl results in important frice
ticns among the clays, the origin of very large "sliken-sidces".
These frictions may cause the shcaring of the roots. The shrinkago
of the clays is on the contrary eccompanied by an inportant vertical
crack which may damage some roots.

When in their naxinum swelling, these clo W& are prracti-

cally impervious. Therefore somne difficulties in draine ige muct bo
expecteds Morcover, if the drain-ditches are deep, frequent mainte-
nance will be required, since they may collopse because of this

swelling-shrinkage alternaticn of the clayse.
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4 - THE TEFPORARILY FLOODED PLAIM

4.1 - Landferm - Topographic pesition

—————— - ——— —— - —— - -

This plaoin is esscntially situated along the right bank
of the KUYWA river. It is situated in the Hrnl;ng 2tion of the
linking glecis becausc of a progressive reduction of the slops.

: PLLY " i
The slope of the "plain" is inferior to 1 % ; its width reaches
80C metres. The potentizlly flooded plain which is hydromorphic
to a high degree is not cultivated ; it constitutes a2 huge transit
area for the cattle during the dry secsone On thz aerial photo-
graphs it is guite distinct froum the linking glacis since a net-
v p 1 . G G
work can be clearly secn in this area 3 this nctwork more c
sriented =t ploces, is composed eof light and dark strips in justo-
position. The light strips correspond to zones whick arc nct

r LEBEE

flooded, being slightly higher than the dark oncs which -re floedec
during the rain secson. This could be the result of very wide
o«

undulations of the ground, slightly cimilar to the "GilgcI™ ; its
origin would be the Wda*ﬁvnunu movements of the differentisl
swellings of the highly rontmerillonitic clays which constitute +h
material of the plain. The fleoded zones which represent the main
part of the plain, present a netwerk of small anrstomosed mounds
(30 to 40 cm high) with steep sidese These mounds, very likely of
biological origin (worms ?), arc composea of a tuﬂq1ﬁ cf vertical
stems and roots graminaceas utlUHU““JLd by a silty cemnent, resiscd
ugp by animalse. These mounds make progressicn in the plain very
difficttltl,

4,2 - Noture of {the materigsl

The zene of gandy alteratinn, rich in minerals can he
found in depth, above thec granitc-gnuissic basement. A material
extrenely cleyey, rich in montmorillonite, 2 to 4 mctrcs thick,
can be found above. On the surface = silty layer, 20 to 60 cnm

&
thick can be found resulting essenticlly in the anastomcsed mounds.

This material is therefore guitc different from the
material of tho interfluves, olthough it derives from it through
geochemical processes (degradetion of clays, leaching, neoformoe
tions, settlementes of matericls eee )

4,3 - Hydr alug;cGl enime

______ e B 5000

The definition of the hydrclogical rcgime is slightly
problomatic, Apporently there ie = weter-table fluctuation regimc
and & flood regime duc to the surface waters running from the
linking glacis and the slapes.
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(degrodztion, loaching) ;3 the lower part of the glacis is a mixed
area (degradation, lzcaching as well as neo-formation of clby) ;
the plain is an crea of accumulation of cley, zll the more

saoturated a8 one gocs downstreams This is why the inncrmost part
of the flcoded plain still possesses a clear top soil with 2
coarse texturc (sandy silt), which is underlined at its basis
by an abrupt texturzl discontinuity (plunlc character). This
discontinuity is due to the progressive spreading of clay frunm
the lower parts of the profile towords the upper parts as well
as to thc hypodermic surface water which owes its 4mpc*tﬂncc to
thc fact that the material lower down becomes practically imper-
vious,

Cn the contrary the top soil of the downstr

of the plain is thin, more silty than sandy and it ess

constitutes the biological meounds 3 in this part of the plaln,

the original sandy residues from the degradetion of the materials

cf the slopes, has practically disappeared, being completely in-
vaded by the ncosynthctlznd clays.

y

Thase montmorillonitic clays, present strong vertic
preperties ; this means they swell during the rain suascn being
subjcet to important internal moveinents which result in "slike

05§ 0

=

a o
(4]
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sidecs" quite visible in the profiles ; during the dry sea
these cla ys shrink enormous prisms which are very hard an
rated by larce crachks.

The confinement of the envirenment results in the
formaticn of colcarcous nodules in depth (more ha1 1.40 m)e

As a cancluuiun, the consequences of this rcdrgpnesis
gnvironment which will bc the origin of constreints to cane
cultivation, are as follaows :

endohydromorphy (water legging by means of sesturation
of the cristalline network of the cl‘yu;, during the z=in scason,
together with the flood due to the surface water From upstream,
the internal movements of the clays, and the hypodermic suxrfacc
water above the textural discontinuity linc.

4,5 - Cheracters of the scils - Classification

i — - —— -

In the upstream pzrt of the fleoedable plain, the scils
present the following average Lhzracturs :

« from 0 to 30 cm ¢ mound, very probebly formed by biclo-
gical raising, silty particles along the stcnms of graminaceau.
The color is Hackish to derk groyish (10 YR 4/1). Rust red coating
along the roots. The texturc is very r:i_l'.rr‘Ldl;': (vertical tanglu of
roots and stems). Lcamy texture (26 % clay - 48 % silt - 26 %
sand, most of the sand being fine). The cunsiatency is friable
when moist, non plastic or sticky whoen wet ; low bulk density
(0s6)s The organic matter content is about 6 % {(C/N = 12), The







avoilable watcr supply is 23 %. The total phesphorcus content is
230 ppm. The exchange capzacity is about 19 me/100 g and the s
of exchangeable bases is 23 mz/100 ¢ ; the pH is ebout 5.5

o from 30 to €60 cm : leached horizen (A2). The uclc* is
grayish brown (10 YR 5/2) ; red rust coating along the c
finc roots. Structureless ; loamy texture (25 % clay - 48 % ,:‘s -
27 % sand) ; no coarse elements important tubular poro
the consistence is friable when meist, non plastic and
sticky when wet. The organic matter content is zbout 2
C/N = 11) ; the available wzter supply is 10 % 3
phorous content is 160 ppm ; the exchange capscity is
14 me/100 g ; the sum of axchangeable bases is 7 '

pH = 5.60

L&

1

Abrupt and wavy textural disc
the herizon.

]

ntinuity at the bgsis of

o from €0 to 70 cm & the hor‘zgn is composed of 80 % of
round i“Uﬂ—mDngJﬂCSC concreticns uf a2 grayish ceclor and & diz-

metre of 2 tc 5 mme The width of t.:: eriz;n variecs extrencly
and presents numerous undulations. The passzge to the lower

-

T
horizcn is very clear.

« from 70 to 90 cm : clayey horizon (65 % clay = 15 % silt -

20 % sand), dark grayish brown color {10 YR 4/2) ; numerqus
yellcwish or constrasted red rust mcttles NG coarsec elomonis
but presence of round irsn-manganese concretions. Well developod
cocarse to medium gngular blUuhy structure ; fine sub=-structurc;
very porous aggregates ;3 firm to frieble when moist, plastic and
sticky when wet, hard when dry. The crganic metter content is
165 % The availcble water supply is about 11 %, The exchance
capacity is about 36 me/100 g and the sum of exchangeablc baccs
is 23 ne/100 g 3 pH = 5.6. Thc passage to the lower horizon ic
Progressive.

o from 90 to 150 em : very clayey level (68 % clav - 12 &
silt - 20 % sand) grayish brown color (10 Y? /é) which brig
up in depth (10 YR 6/2). Mumcrous yellowish
little contrast ; nu coarsc clements ; some sn: l Al
concretions. Cearse prismatic structure with pr*sr: QU cr wiJv
separated by cracks 2 em wide 3 coarse angular blo
ture. Numercus sliken-sidesz ; non PUrous agqchUUD»
consistence when moist, plastic and stic.y when wet, very hard
when dry. At places, presence of some calcarcous neodules in
depth ;3 the available woter supply is 15 %. The exchange cepa-
city :s 50 me/160 g ; the sum of exchangeable basce is 30 =2/10{g

pH = 6.3,

As we go further awoy from the basis of the linking
glacis and ncarer the KUYWA river, the supcrior loany-sandy
horizen gets thinner and its tc xturL becomes progressively finc:o
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until it beccwnes silty. This horizon frequently constitutoes
nothing but the biological mounds, the cleyey flcor is immce-
diatzly underneath.

On the mop we have demarcated two units in the plain
« the presencc of o superior horizen with a ¢
e

ture and of a rather cecnsiderable thickness. The %
disccntinuity can be found around 50 to 60 cm desp.

oo
xtural

» No superior horizon with a szndy texture {(or very
thin). The textural discontinuity, when it exists, is near
the surface of the channels running between the mcunds.

The strong vertic charecters lead us to classif
]

these scils among the "vertiscls with o reduced external drai-
nage, hydromcrphic, degraded, planic" (French classificaticn).

The F.ho0. classification calls them "vertic, plenic
gleysols".

The main constraintes zre due to the hydrolegical regi-
me and the highly vertic ncoture of the materisl. The overs-
preading of the water from the linking glacis, the raising up
of the water table ac well as the swelling properties of thec
clays are the causes of the weter-logging of the soils which
therefore become impervious and the flood is generaliscd, 30
to 40 cm high.

Drgingge is =bsclutely nccessary but the weok lateral
permeability of the clays make its carrying ocut quitec difficult.
If drzinage is based cn open ditchss, maintenance will be requi-
red, octherwise, due to the internal movements of the clays
(swelling-shrinkage), they may cellapsc.

The vertic clays are a disadvantage as for the tilling
when dry they are hard and when moist they are heavy aond sticky.
Morecver they can be o damaging clerent to the perennizsl roct
system 3 when the clays swell (slicken-sides) and then shrink
(important cracks), the rcots are subject %o shearing and dama-
ging.

Finally, thec presence of o textural discontinuity is
also & disadvantzge. The cbrupt changes in the physicel prcper-
ties ore very hard on the rects. During the dry seascn, the

-
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is the result of neofecrmaoticns
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ent time completcly saturated with clay ;
are2 to o vertic pedogenesis (swelling
shrinkagec during the dry scason).

- Ihe soil presents z top r“rt (an average of 0=70 cm)
1]

which is better drained =nd has

1 develeoped blocky struc-

turc from medium to fine getting crumbly in the humic horizen ,
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These alluvial so.ls pres=nt cxcellent physic
propertires : porosity, structure, Lzl ed texture (loamy
silt, clayey salt) ; from ar amrage ur 10 black iron-m
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to be the best in the orea. There s still n doubt. ﬁhwugh,
regaording the rirks and tne rroquency of the Tleoors which
overflow the terrase. bpproontiy this potential flood doo
seem likely to cause imnoriant damage to the plantction
speed of the leJ, quizk drying up.

The prasencr of ex-bows could interfere with

linking thecm to the river
still be the preferentizl zonus of weber-logging
better not tc use the

Finnlly the Tluviatile dynewics may danade the
concave banks of the river which ace undercut, The presence
cribs can be justified on the banks whizh ~rc most lilely
be sapped.

The pressnt pedogencels processes are characterizead

developed hydramerphic elluvial scils" or "mincral Mvdramornhi

!
lopments To meoke thoir utilisation posegible, drainage ditches
shouid be built, but these basins
and it would







VI - HYDRODYNMAMIC CHARACTERISTICS

OF THE

SOILS

] 1 - CALCULATION OF THE WATER SUPPL
The calculation of the weter

- the choice of the depth of soil

carricd out

- the choice of the pF of the fiel
- the choice ef thc pecrcentagec per

the

water

"casily availablc wo

{H W}.

TET qup

1e1 = Thc choicc _of the dopth_
The cheoice must depend upon
by the roots : those of sugar cesne

metars decep. But the cbscrvations
made up to a dcpth of 1,50 mctors
obstacles to roots anutrntinn, be
the calculation of the water
soil of 1,50 metecrss In this case
minimum and thec plant is able tec d
In the casec of the presencc of an
or cuirasse above 1,50 metors, the
the obstacle and the surfzce,
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which thc
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Iyt From
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the deopth
can go d
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obstacle,
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have

far
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bottom
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ption 1is

cnet
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nce of

the profile,
cknecss of
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cater depth.
plinthitec
between

y boen

=

The latter varics according to the wotor retention encrgy

of the soil, thus of the texturce. The pF of thc ficld capacity
% is all thc higher os the texture is finc. Two mcasurcs have
’ becen made on cach sample? humidity at pF 3,0 and humid‘tj at

the two
between £
prcity

pf 2,5. The choice¢ betwuen
the curve of correlation
G018 tha pP.oof " tht finld ¢
in Duch:ufour.

v ""Eh'-'

- moisture content at pfF 2,5 for

content at pF 3,0 is inferior
- moisturc content at pF 3,0 for

pF 3,0 is superior to 26,3 %.

T e . .

the
to 26,3 %

horizons

e L~
waos

strblishi

dectermincd
he neisturc

hceizons

whose

ccording
Coﬁtuﬁt
:d by Gras

whosi ™

nt pF E,C
(1962

pasturce

humidity at
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1¢3 - Calculation of thc "easily available wotcr supply"

A rotio of 2/3 was chosen to give an approximate ides
of the "easily available water supply" in compzriscon to t
tstW‘ "aveilable water supply". Thercfore it must be dimi-

shed in unfavorasblec cases of very strong cvapetranspi
whcn the demand for weter is very important.

2 - MEASURES OF PERMEABILITY AND DRAINAEBILITY

The mecasures have been cerried cut on a scction of
analyzed profiles characturistic of hydromerphic soils of the
linking glocis and of the floodable plain on the right bank

of the KUYWA Rivcr.

The mcasures have becn made at 40 cm depth. No mcasurc has
becen made on the surface ; it would have had ne significanca
sincc the first 40 cm must be compliotcly disturbed at the timc
of bush cleaoring and tilling.

The double ring Muntz method, with o di
has becn uscde The central ring wherc the meas
carricd out had o diameter of 50 cn and was Ik
the soil : The level of the weter in the inter
maintained pormancntly at the same level as i
cylinder.

On each prefile the moasures made at regular intorvals
bectween 10 and 30 mini) were repeated for 3 days. nt each

hour when o reading was made, 2 CDQT(iCicn* K Waos alcul ated
which corrcsponded to the beginning of thc stabiliz -t cn of

thﬁ flc\‘.’.

Lnd N U:ﬁinabiliti

The mecasures have been taken in depth by the Porchet method
(2uger hole in non scoturated seils). The auger holc waos betwecen
8 and 10 em in diemcter, and about 20 en dueps The hoerizontzl
flow ie calculated by a formula voiding the vertical flow from
ih depth of the hclcs The cocfficicnt K which i3 ;»t=1ﬁa”
is
s

tho onc which corresponds to thc beginning of the stabili-
ation of thc flow.

2.3 - Thu rcsults

The results of the measurcs of permeability and of draina-
bility allow the distinction of two types of soil : those of the
linking glacis and of the floodablc plain on one hand, thosc
of the terrezce on the other,







i zond | " i e ] i — -
| b e BN Ot B . | POQm 2‘0 oy | M - | :
B 1= “ | | ¥ i
| aood Zo‘o ozl poob | AR & av 1STOou 3 ;
z00d £0°0 | OE} poch 50 gy | astow | g
i | |
|
T | | ) . | 5 |
Iood | 2040 08t _ poob 2t “ oy 1sTow | &
m _
g | i e | i
91BI3pou vads) | ovi “ poob ; 5% ._ ny | 3stou ! £
| zood | 200 . avl u poob £‘0 oy | astow | z
{ [ _ ; m
i _ __ 1 : | i _ :
93 I8pow 20 | ovy | poob E°0 .o | 3sTtowm | i
| | | | H | '
_ Bl o _ s u i3 5 _ W3, | miiy (570 c_gb) _ e _T ; :
Puliey : G =L D g _. inda _ : 1 =y s mlnu. ¥ f : Cn.ﬂ,n._u__ b L | e N |
| _ ~ I L _ - Junisiow | 3714044
! J9YNIVHA ALIIEY IWE3d : o
S371408d YIIdAL 40 SONTLIYH 3J9¥NIVHO GNY ALITISY2WE3d
r B j = | i | - _.l.ll_ ~ l,_ I o | © | e vy P . n e | — — ——







—

PR

r——n ] pp———_ | E—"

e

w O =

The first are -ci

od b

rs hara
in the average horizons (0;2

texture 1is,

The decep very claye)

rillonitic clays, havt
the statc of moisturc

are very wet, the drai
When thcy arc moist, d
of the clays

c tte aincec
gicael activity have a slight
cspecially good drainability

cterizod

\
/

R L A
1K NCWEVETD

terrace sgil







VIIT - SUMMARY AND GENERAL CONCLUSIONS

The morpho-pedeological study of the site of
3,000 hcctares of the "Nuclcus Estete" has pormitted us
’ f ;
to put in cvidence = cocrtoin number of vury characteristic

types of environment resulting frem interactions between
the naturc of the material, the topograpnicszl 1t
the landform, the hydrological regine and the
pedogenesis to which it is appropriate to add
activity of termites whusu role is condiderabl
those basic components, we have strived to distingus
ong hand the earlicr forms and materials,

past processes, and on the othor hand the currzn+ p1 )
such as the features of pedogencsis, the movemcnts of woter
or the morphodynamics, which intcrest us particularly from
the staend-point of the reclamation of the land. The study of
the heritagos of the past permits us to describe the unviron-
meat in is "static" aspcet 3 it is indispensable in order to
understand the distribution of the "fixed" limitations which
arc attached to it (depth of a cuirsss, texture of

moterial «es) 3 on the order hand, thc inheritcd maoteri:
and forms serve as support ond oricnt tho present cyna
praocesses from which issuc "dynamic" or 3

tions (present or potenticl crosion, lcaching of the so
Following this mcthed of study whose purpese is theo chera
terization of all the restricticrs of the envirenmzsni,

tfavolving" rostri

W

have listed and described the following principal merpho-

ok

pedological units :

-~ the well drained slopes of interfluves, where the inherited
materials arc the site of relatively non intensc present
proccsscs except for the activity of termitcs. The reddish
claycy=loamy material ("sols ferrallitiques faibloment
deésaturés roemaniés" - "forralsols") which cover those slc

lics on a "shoet of gravel" wmore or less cemented into cuirassc.,
This matcrial posscescs physical proportics very fevorao
te cultivation. The essuntianl limitations rosult then fron
tho depth of the gravel shecet. We have definod 4 classcs
depth : lcss than 50 em (unfevorable suitability) ; 5C
(mediocro suitability) 3 100-150 em (medium suiksb
more than 150 cm (favorable suitability). A copmen ro i
to all thesc slopes is the mescroelief cruated oy the impor-
tant density ef large termite hills

- the hvydromerphic lewslopus of tho interfluves, caracterized
by thc appcercnce of waterlogging in thz soil during thc

rainy seasun. With rcspect to the intunsity of the hydremorphy
we have distinguished

o fine toxtured soils without proncunced ox prolenged
waetorlogging ot a depth of norc than one motere Thosc
soils are suitable for sugar canc.







e 80ils of a c
waterlogging which affcects
periods. of the yecar, r¢5JT

clays. Thuse soils are scur
drainege is nccessary.

a longexr poeriod
-J.‘tol ¢ profilc at certsin
in a lcaching of thc

tc shect crosion and

- the "linking glacis" joining the preoecedi
lower parts of the landform. This unit

gunchu.lcr] proccsses ero important in 1-
essentially characterized by its special

o
pak
e G
o
(]}
3

Tary pericds during + Ihas hydrological cynaric
results in a degradation of theo clays in thc upper part of
the glacis, and in theo mination of their producte toward
! 3 + s HIEY

the low parts whore 'rec duc

s mbine in pert in order to pt
neoformative clays of the mentmeorillenitc type. e th
have the following scction : leached sandy hydromorphic sonils
- s0ils with an accumulation of vertic clay in ututh’ tonped
off by a sandy hcorizen (residuc of an earlicr loeching

paratcd by a strong d“:cqr*‘rtw+” - scils almost Lnulful_
VL tic in the whole profile completely saturated by ncofar-
mative clays, +hus phmrly drained,

J ec

S

~— it

This last pzart of the scction occupivs the lower
extension of tho linking glacis, where the rate of incling

& i T
. 14 4 ¥ - " . -
is less than 1 & and may thus bu classificd as o plain
where temporary flooding occurs,
To each of thesc units there correspond certain
restrictions on cultivation

o in the upper pert of the linking glaocis 3 wetcrlogging

the scil, risk of shect erosion, susceptibility to devnes

and tc lcaching of the fertilizers,

« in the lower part of the glacis : waterlogging, prescnce
of an abrupt textural discontinuity at zhkout ?U cm 3 vertic
clays in dcpth.

e in thc floodable plain watcrlogging, floeding, excossi-
vely vertic characterictics,
nll of thcsc units obvio Yy necessitate bei
draincd.
- The glluvigl tcrrace which borders the KUYWA River is
"embedded" in the vertic plai the linking glacise. The
material there drains well, rpossible constraint is the

risk of exceptional overflowing, tcmpercd by a rapid natural
draining. The hvdrarurnhic scils equally require drain mgc 3
in spite of that, the scils of the tecrrace are

suitablc to sugar czno.
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