
620

DIVERSION, C~ANNEL TERRACES OR
PERMEABLE MICROOAMS?

ANALYSIS OF TWO SOIL AND WATER CONSERVATION
APPROACHES IN THE LITILE FARMS OF

SOUDANO-SAHELIAN AREA OF WESr'ERN AFRICA

E.Roose

Since 1950 and especially si:neetfielong drought
period, it has been' ohs~t'ITed a deep e v'o l ut i'on of: the
l'and s c'a.pe s of Soudano-Sahel ian area of Western Af r.ica r

degradation 0:£ the vegetation (tiisappearance of trees
and per'ennials grass) -denudation, encr ust i ng , then .scour c

ing of soils, runoff de veloprnent, h i l.lsl o pe gullies,
changes in the river regime, decline of the r eg.iona l
c l.Irna te- ,,vhillard and Groene. 1961; Marchal. 1979'; Roose.,
1985),. The chief causes are demographic (high level
of human and arri mal density) and socio-economic pres
§uFes which lead to ex.t~n§.'i6n of e leare d., destocked
and mechanized p l oug ht area , ove r gr az i ng ; bush fir-e s.,
etc.. The drought, .longuer -t.han usual (already· l'7yea·rs)
has only Incr-ease'd the unbalance between the b'iomass
p r od'ucte d and the consumption needs (Peyre de Pa'bregues,•
.19&5; 'Rooae, t985:). ' .

Facing this land degrad'ation , it was oftenrecom~

mended the c l a s sical a.nt i e r.o s i-v e method of chaI1neiter~

race d'Iverging ex'cess 'runoff \vate,r' to grass waterways
(Bennet., 1939; FAO. 1967'; Hudson.• 1973,; CTFT. 1980).
Cons rd'ermg, the failur,eof this approa.ch Jnthe west
a,fritap peasantenviro~ment,all ana-l ySlsof . theba'sic
ptincip'les; .of. the me'a surernerit-s d ata and of field obser-. . - . - .

vations could en.lighten this, problem. Anot'lje,r a p'proach
could be suggested which Concern thetrad~iHonnalmelhod

Of permeable m'ro r odamse vegetatibnor stone .s t r'i p s,
buffer strips; qurc'kset he dge , row of trees, .etc ,

1'.l:1e objective: of th Is note is to catch the.ey,e.
of 'professionals.
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- on the l i mi.ts of ter r aci.g methods application
in africanpeasant sphere

- on theinteres.t ~f s im.p l'e .and unex.perrs i v e methods
Iikepermeahle rnic r odam.s abutt.ing progressively
to sweet slopes terraces.

It must be underlined the neces srt y of a more
flexible and ,global approach ta.k ing into, account the
peasant needs and po s a i b.i l i t re s . and .ai rni.ng not only
at soil and water conservation but also a:t the harmonious
development of animal and plant production.

THE SOUDANO-SAHELIAN MIODEL IS FRAGILE

Annua'l rainfall amounts varies from 1200 to
600 mm to the NOrth, but they have decreased about
250 mm 011 average during the ten last years. It rains
during. 4 to 9 months with very high intensities (55
to 80 mm/H durIng 30 minutes) compe-r.tng with the low
infiltration capacity of soils. Dayly rairifall can reach
60 to 75 mIll/day each year, 120 mm all the' ten years
and 150 mm an the 50 YEARS (Brunet and Moret. 1963).
The erosLvIty index "Rusa" decreases from 600 to 300
when we, draw nearer to sahelian area (Roose , 1977;
1980) .

T.he most common landscapes on granit and- sand,
stone (FigUre 1) are composed of a plateau with iron
hard pan , a shor t e scanpment of rock 'scree, a long grav
elly pe'd iment recovered by a sil ty loam dim more and
more t hic-k., avr i ve r bank and .a narrow riverbed. Most
of the slopes aregentl~ (0 to 3 %) but very long.

'T'he ferruginous tropical soils are: more or less
Ieac.hed' or hydromorphicin depth. The tropical brown
soils, are more or less hy dromor phfc or vertisolk..
They are poor chemically (N, P, K carenc Ie s , pH 5
to 4) and unstable structurally (.low organic matter
Ieve'l., .a. lot of loam and fine sand). As soon as it 'Js
bare, the topsoil gets a sealing c r.us t little or riot
permeable. After some years of continuous cropping
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( cotton or peanuts, then ce r.e a'l.s likesorghun1 or millet)
with p l owing, two weed rngs., 'ahdridginga year with
'oxen drawn far.rn equipment, becomes around 12-15 cm
depth a compac1:edplow .pan impenetrable' to roots (com
pactness, pH, carencies or toxicity?).

Thus, the pe cl oc-l.Ima.te iis· still much dryer for
plants. Fallow are d I sa ppearIng , too br ief and over grazed
to regenerate .so i l fertility efHcient,ly.

Crops, release too few residues: cotton stalks
are burned, 'peanuts' and cereal Ieave s are used as forage
andfemainirfg cereal sta l.ks are usefull for house craft
work.

Vegetation, a dense tree savana at the or i gme ,
was hardly degrad,ed1;hese last years because the need
of ground fat crop p Ing extension, d ryne s's , runoff and
decrease of water-table level, because wood cutting
to satisfy the villages need for fuel, and because over
grazing and b.us hfLres , Cattle has much deve l op pe d
itself during the wet years all over theSahel. Also
d ur.i ng the actual dry period, with decreasing b iorna s s ,
it is no more pos,si1;>le -to feed all cattle' from the village
and those of thetranshumance going south to more humid
pastures (HaUam and van Campen, 1985).

Measurements on runoff plots (100 to 500 m
2)

(.Roo~,e andPiot, 1984) on four stations around Quagaga
adug~O.U: h ave shown:

- a very strong runoff on the h i l l s l ope s , intolerable
in that regions where crops lack of water to
finish their cycle,

'annual runoff coefficient averages

- 40% on bare plots

- 20 to 30 % on weeded crops = sorghum ,
mi llet, cotton

- 0.2 - 2 - 20 % on protected fallow, early
and late burnt
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- Runoff can attain 60 to 70 % of a big shower
on little cove r e d -ground

- Soil losses are moderate (0.1 to 20 t/ha/year)
because the slopes are. gentle (0 3 %) ; but
erosion is very selective about colloids (cla.y
and organic matter) and nutr i errt s . On rnodera tely
intensive crops (plowin,g,rid'ging + fertilizing},
soils losses have ,stillov.ertaken (3 to ).4, t/h,a!
year) the tolerable limits for soils which weather
slowly.

'I'he se results were confirmed with the .he l p of
r a infal l s imulator s which' showed moreover that mor.e
the soils have an unsta-ble structure, more .they are
er.od Ib Ie and more the benefits 'of 'soil working on infil
tration is limited (CoUinet and VaJentin. 1979).

GRADED CHANNEL TERRACES 'E'Og DI¥ERSION
OF RUNOFF ~ETHOD

Principles

It is considered' that so i l' cannot infiltrate complete
ly high' intensities of rainfall. Thus 'runoff must 'he
safel y evacuated to grass waterways, or it win accumu
late speedness .and supplemental energy

'2
Mas.s x speedness:

2

Limiting
but not
dykes.

slope length will .l i'mi t
s p l a s h erosion nor soil

linear erosion risk,
degradation between

Runoff plot measurements (Table 1)

The seldom runoff plots: dafa., obtained
Africa (Benirn Verney and WiUa,ime. 1965;

in Western
Roose., '1976)
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(Senegal: Roose , 1967) (Nfger-Iae Lal, .1975) and the
532 plot-years ana l ysed in 'the USA .Wischmeler et a l , ,
1958) demonstrated that runoff and" even erosion do
not increase nece s'sare.ly with the slope length and can
sometimes decr.ease . The r.el at ions'h i p of soil loss to
slope length often varied more from year to year on
the same plot, than it var ied among locations. At the
runoff plot scale , t h er.e are interactions" between the
slope 'length . effect and the soil sirrf.ace state effect
(particularl y surface roughness, cover, soil type and
crop residue managernent ) .

If gener.al.l Y soil loss increases ex ponentially with
the slope length, this exponent varies from 0.1 to 0.9
in r e l at i on with the runoff volume. For field use,
a group study at Purdue Uni ve r s i t y in 1956 concluded
that the average value of the length exponent should
be 0.5+ 0.1 (Sm"lthand Wischmeier 1962).

On Table 1 there are summarized the data of trials
made by "the Centr e Technique Forestier Troplical"
(C.T.F.T.) on the research station of Gampela, 25 km
East f r.orn Ouagadougou (Upper Vol ta) , . Comparing the
data horn p'lot( diversion' dykes and ridging across
the slope, tied rrd'g Lng in 1967 68 and 72) and plot
2 (diver.sion dykes and ridging along the slope, no
tied ridging) to plot 3 (reference = t r ad'i t Lonna l Mossi
agr Icul tur.a l system = sowing directly in seed-holes
wi th hoe but similar planting density and fertilizing.),
it is ~asy to conciude that the sur face state (direction
and tied ridging) is much more efficient to modify runoff
and erosion than the management (= diversion terracing).

Observations oh the field

In 1962-65, GERES (Groupement eurcpeen de restaura
tion des sols en Haute - Volta) realized a large program
me of soil conservation in the Oua h i gouya area of 120.000
ha of hillslopes managed q.i t h diversion channel ter r aces
(35.000 km of . drain), 650 ha of' waterways treate.d
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Table '1., Res~ ~ ts fr"",'Gempele (CTFT/HVl

Location: L~ngitude 1~21IW;. ~8titu~e '.21l251_N~ 'e l t Ltude i80: m"
Instrumentatlon: 3 plots of lJIbout 5~~ in .• _1~9t~ 100 m~ gradient 0.81. standard

Wischmeie.- plot a! .200 m • length' 25 m.
set re: Gra.v:elly ferruginous -sol i not ve~y .thiCk." no ~m) on herdpan.

Year 1967 1968 1969 1970 1971 1972 M~n

Relnfell Cm) 636· 722 773 720 720 817 n'l

RUSA Index 270 254, 449 266 soe 366 319

RUIIlFF
KRNq PI 4 2.3' 10;1 18.1 20.5 7.6 '10,41

Pi '2 12.6, 23.3 31.5 45,3 17.1 23.71

P3 22.2 15.1 15.8 23.,1 32.4 26.2 ii~51

K~AX 1 PI 29 14 ,37 D 31 31 31

Pi 46 70 40 45' 57 39 45

P3 42 38 43 39 37 51 40

EROSION
-1

(t he )

PI ueenec- 0.64 1.67 6.12 5.43 2.14 3.20

ked
P2 . 2~53 4.22 8,'18 10.28 4.27 5.90

, P3 1.56 '2',54 '5.12 6.~ 4.52 4.06
f'lj Unchecked 10.60 21'.07 18.12 14.38 16.04"

K Index Q.05- 0.09 0:32 0.24 0.16 0.20

CROPS teee i Sorghum .... 'IRAT, TE3 lRAT TE3

so.rghum str~91J1 mil-let peenu~ mi.llet peenut
-1

YIElDS Ct he )

PI 0;83 0,~3 1.08 1.58 , 1.35 1.46 1; 12

P2 0.85, ,0.46 1.01, 1,.46 1.03 1.40 '1.,03

P3 0.76 0.43 1.24 1.63 0.99 1.25 1,05

PI

P2

'.
....

'Beginning 8 June 1967.

,E = 2.73 t .for ,R =, 212.

COnsiderable'de~~lopment6f s"tri'ga, = sorg~um, p8~~site •

Ridges et a height of "40 CID. gradJent ;= 0';21 (diversii?n).;, ,.iSohypse·.r~m.d tied ridging
in 1967, 1968' end 1972; ~ tied ridging in 1969. 1970. eOd 19?1;, ,iSohYP"S8 rrec tcr-
pi~g~ing. recommended tert! lizer: e ppf1cat10n rete. . . -

Tractor: ~lC?l.Ighing e-long the steepest gredient,. h8rrowing end r~dging e.long the
slope, .reC~nd~ !er.~~ Hzer-' eppt tcet tcn rete.
Ered I t Ione I sC?wi~g wi~h ~eTba (':'0&) ~,t sfm1'ler density of pienting, unr!dgea h8r'"r:ow-
iog, sese aflD.lnt· of menure as PI end P2. . - .
Ba~e soil tilJed each y~r pl~s her:~ow1!"9 each time' the .sof I rs .seeked, nall81y
every' weeks (i';e. above tne st~~Drd ,conditions def"lned byWischmeier). '

KRNr4 : AV'trege ennual runo'ft· coefficien"t

Kfl.tAX : Maximum runoff eoefUcient for: on.e ra'10fe11 evene,
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with lateritic parpen w.al.l s and' 24 earth dams (2, 5
Milliards US do l l ar s) , Marchal (1979) has clear! y
shown how this program" tee hrucal'ly well organized,
failed because he dig .. not taken into acount tr-ad Lt i ona l
space or.gantzafion nor peasant pos s ib-i.l lt-Ie s to maintain
and valoriie the soil conserv.at ion management. Since
1965, BDPA established the unadjustment to regional
environment not only on the human l e.ve l , but also on
the technrcal point of view. "It is questionable to· man
age hillslopes of less than 2% with channel terraces
when grass strips are so efficient. Improving crops
must go together with soil conserv at ton " (B.D.P .A .•
1965) .

Since 1972, the .FOR (Fond de Developpernent Rural)
in Upper Vo lta helps villager associations who a s k
for it, to establ'ish the countour lines on whi'ch peasants
them.sel ves build t-heir diversion dykes. The management
is aheady 1e's's expensive and peasants .are concerned
at all levels: but the managed surfaces 05.000 ha)
do not r.each 20% of the degraded space to manage.
Mietton (1981) observed that maintenance is not completed
(d ykes alj,e· bare and often sinking) and setting terraces
is a. ,c:onsjderable work (15 days/men/ha to move one
hundred m of ground).

In the Southern part of Mali, Hal Iam and van Campen
(1985) show t hat this management system was part! y
successful l by some senoufo leader f.ar me.r s (hecalise
the runoff was running besi de their own fields), but
did not extend really.'

In. Benrn, this channel ter r ace s system was applied
on the hill y and overcrowded area of Boukombe around
196,2 but it was quickly abandonned (Rooae , 1976).

In fact, this method, was not s.ucce sful l with the
Wes,t African f a r rne r.s , not orrl y for ec onom'ica l reasons
(too .muc h 'Work setting arid maintaining dykes, loss
of cult i v.a te d ground) but also for tec-hnrcal reasons
(low efficiency, breaking risks) that We must anal yse

.now more: accurately.
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Analysis

I.' This method needs a c areful l ingraft and thus
a competent and' very conscIent i ous team of top.ograf:er·is
because dykes and ditches must drain off excess' water
with a slope of 0,2 to 0,5 %. w.h-ic h is very difficult
to cio in these gentle rolling hillsiopes (less than 2%).
Consequently it is observed some dyke failures,because
errors of construction: local reverse s l o pe-, not h i'gh
.and compacted enough d y ke s , too wide fields (optimum
is between 20 and 50 meter-s).

2 ~ This method needs a heavy WOI' k for sett-Ing
(15 days/men/ha) and maintening terraces each year
(2 days/men/ha). Indeed, dykes must be covered with
gnass to be protected against splash· and wandering
cattle. Dt.tche s must be cleaned out because g-t-ound
eroded, on the fields .de po.sit s necessarily in the ditches
with. the decreasing /slope sree pness (2% to 0,2%) and
water competence .

The waterways must be covered wi thgras:s . or
stones. But it is very d iff.i c ult to grasses to grow
if the humife r ous horrzon has been scoured; moreover
the violent current erodes the bottom of wa.terway-s
and the young plants.

This maintainance is quasi never made because
lack of means and rm sunder-standrng of the system: .so',
after 2 to 6 year s , numerous fallures can be obiser ve d .

3. Anyway, dykes must be broken, a day or another,
because these Irn permeab.l e structures are cal cul'ate'd
to evacuate runoff from dec'eimalrarnfall e vents it would
be too expensive to· size channels to evacuate How fr orn
rarer events. Moreover, we often ignore -the runoff
coefficients on cultivated ground., They coul-d he, 2
or 3 times .t hose observed by hydrologist at the w ater «

shed scale in relation with surface sealing, saturated
topsoil and light green cover .. C hiefl y it could happen
each year, somewhere in ·the village territory, a. rainfall
event of a succession of rains f r'orn 1/20 to 1/50 return



frequency who induces theover:fJowing of ditches,
break of dykes, gullies in waterways, silting up
flood in the river plain.
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the
and

4. The diversion dykes must necessarily be set
around the contour (Horn 0,2 'to 0,,5 %' slope); as hill
slopes are pot regular and the width' of cul.t ivate d strips
v a r Ies, Moneover , 6 to 14 % 'of the c ul t i v a ted land
is lost for d i'tche s and dY'kes which may not be culti
vated. 'I'he se ar.e two' major i nconvendent-s to mechaniza
tion and, intensification of agriculture in dense populated
areas.

5. These hollowing s truc tur e s "Tear the territory"
and "kill the soil" say' the old peasants: they super
impose on traditional soil organization. As it is very
difficult to change the habits, numerous failures are
observed att:he crossing of dykes and ancient paths
for people and cattle (Marchal. 1979).

After few years, one can ob se r ve that sheet e r o's ion
has been changed into gully erosion l oc al Iz ed in w ate r>
ways, but the prob Iem of soil degradaticn in cultivated
strips has not been solved: splash eros ion continues.

There was not modified nor the slope gradient,
nor the' gr-een cover nof the seedbed preparation, but
onl y the slope length and sometimes the cultural practices
or IentCl,HOIls . At Quahigouya, comparing (with aerial
phptographs from 19.52 and 1973) t'he bare eroded :~ur
fates often village territories situated into the managed
area and 'ten similar villages outs ide the managed area
"leave no doubt on the lack of channel terraces efficiEm
c v",

Not only this management was not able to stop
erosion but it allowed an extension of eroded areas
greater than therefere!1ce. Mietton{ 1981) still observed
an increase of soil water storage capacity around the
:d;Y1<e~ arid an increase of yield during dry years.

If t hj s method did not safisfied West Africa farmers,
Iet vu's Look if it is possible to use and generalize tradt-
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t ional conservation
be in doubt.

methods which efficiency cannot

PERMEABLE MICB-PDAMS AND PROGRESSIVE
TERRACES METHOD

Facing to diversion terraces methods 'importe d'
and imposed from outside, itexf~Ni in afr i'can. landscapes"
as in .Eur.o pe and Asia" all kinds of very simple cOIlser-

,vation devices which are tested d ur i.ng the last centuries
and which can be adapted" to va'r Ious c i.r cum'stance s .
I want to speak about trees row; quickset hedges, grass
buffer strips, 'lines ofr,oc~s,branches or straw. 'They.
work like permeable microdams wh Ic h create "progressive
terraces" .

Principles

When slope steepness 'decreases and soil surface
r ugo s i ty .Increase s , the runoff flow velocity is restrained
as their competence and capacity to transport .se dfment.i
H can be observed a deposit of"coatse,sedim,ents (san'd;
ag.gr egate s and organic matter). Accumul'at'mg, these
permeable deposits modIfy progressively the slope steep
ness. Moreover, if m.icrodarns and cultural pr.actIce s

are more oriess on the contour, at each soil cultiva"
t ron, 1 to 10 tonnesl ha of earth are pushed down (0:(

up) so that the l andscape is, r ap i d ly modified (4 to
io years) in a succe s si'on. of s teep grass embankments
and cultivated field on gentle, slopes.. The erosion risks
decrease naturally with the slopest.eepness .E,xcess
water . runs safe l Y above the grassed errrbarrkment and
arrive without e nergy and coarse,sedirnent to the down
stair terrace. There, a ditch may drain them. to water
ways if necessary.

Runoff plptsmeasuremenh;(Table 2'.)

On runoff plots of Guinean forest area, grass ,buffer
strip cropping of two mete'r-s wide have reducederosioh
to 0,3 0,1 'and runoff to 0,6 to 0,3 of the-check.
Even in Sahel.Ian ar ea , a triple. rank ofgrass (:Aridr,oJ>o-
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gon) or a
and eroded
1973) .

stone l i ne "were ve r.y eff.Ic-ierrt to catch water
ground (Roose and Bertrand., 1971; De lwaul le ,

Table .2. Influence .ct grass but,fer. str,ip cropping' on annual ~nott (Kr I) ,and erosion
.(tiha/year a!" I,'of reference).

1) Adiopodoumb' {Ivory cees t i 196' • Cassava. 71 slope, .

Wi~th of btJt~er.' strips 0 m 2 m

,_

m Eftlci~cy r~tio

!luncH Kr , 16,~ 10,' 6,0 ,1/0,6/0;'6

E t/hil/.....r 18,9 s, 7 1,8 1./0,'/0, 1

21 Bouak6 (Ivory. ~5t). 9,_ ',2 0;8 1/0,34/0; 19
Kr :,.

196~ Peanuts + lMiz~ 4,6 O,~ 0,19 1/0,12/0,04

E tj""

'1966 maize + IM~Z~' K.r I 1~,4 6.7 5.~ I/O,04/0,J6

Lsohypse ri~gin-g

E ,t/!'a/Year 10,6 1,2 \,\ 1/0,1l/0,10

) Allokot'o CNlGER) 1966;.70:' sorqhue , cotton, cot ton; peanuts, millet.

Runoff. E t/ha/ye'Jr Eft iciency rat Io

17,6' i 9.~

~,2 ,. 1,1 0,' 0,11

',B' 0:5 0,2 0,05

0,9'" 0,2 o.os 0,02

- 'Ret~rence vUhout' IMnagemen~
'O~oe minimum ti"flage)

- '_Ea.r:th dykes ~wi th .stcnes
(·i·!SOhy·p.s_e-pl~lng.r idglng·weeding)

Stone .lines (dh = 0.8 ni)
(\50hyP·s.e-plowlng~ r idg ing-lIleeding'j

- Butter strip~cropp~ng

.( i50hYPSe~p-iowing...d~dg ing-weei:l ing?

Ulel...... ne, 197')

Observations on the field

In Ivory Coast (at Bouake 'and Man centers of agri
c ul tur.al research) and in Madagascar (Manahkazo, etc.),
ant rerosi ve management of h-i l l slope s (4 to 9 % steepness)
with .gr as sed :bu(fer strips (2 --.4 '1Il wi'd.th ) cover.e d : with
v.ar.Ious g:r:asses andlegum.es, d e ve lope d emban.krnent.s
of.5:Q' to,lO.O cm in 4, to.. 6 'year,s- (Roose and Bertrand ,

··}971).



In Bur krna Fa so., Mossifrol]l Oua h'i gouya teg'iop,
I without any help, h ave restored the fertility of soil s

completely scoured .and encrusted. With l inessof stones
and g r a.s ses , , they h ave catched runoff and .se d i ment s
(sand, aggregates and organic matter); then they have
enriched sedirnent s wi t h rrranur e . (necessity of carbon
and microbes) and improved .infiltration rate with plowing
(Roose and Piot, i984J. After only one year, the ground
wa s enough improved, to produce 1,5 t/ha 'of sorghum
grain; a new stone line was installed above to r.e s.tor.e
a new field.

In the Southern part of Mali (cooperation between
IER and KIT in the Kout-i'al a area) overgrazed .and over'
cultivated 'for cotton and cereals; quickset hedges were
planted first for demonstr.ation (Eup hor b Ia balsamifera
+ grasses and mul t iob jec t Ive trees), then by associated
peasants from three villages' (Roose, 1984; Hallam and
van Campen, 1985). The objective is to d el i'm it culti
vated strips of constant w idth (23 to 48 meters accor d.ing
to erosion risks) fCl,cili:t'ating Introduct Ion of modern
i.ntensification techniCs (fertilizers, manure , pe stuc'id'es ,
ag'roforestery, cultural practices on the contour, e tc.i ) .

This method, more supple and easier to adapt on
the field, was well accepted by villagers, but ilis
too soon to conclude about its efficiency and the
spreading in the couritry.

Analysis

1. The soil conservation method uses' onl y simple and
cheap means and lean. on a well known technic in
t r ad i t lona l env i r onrnent, It does not need: $p!=!cial1s1:
to pogr ap her . because quic'kset hedges can be planted
more' or less in a·. p aral le l d Lrec ti'on with achtef
contour of the .hill-s l op e s ,

2. 'I'er-race s are bu i lt. naturally, progressively ;
additional work for' peasants. Planting
and maintenance work is reduced to .a
if rustic plants have been se lec ted ,

without.
hedges

mdn imum
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3. The mic r.od arn.s being numerous, :lowand permeable
there are no risk of catastrophic events during
the most intensive . shower's ; indeed, excess water,
not infiltrated orstoI'"ed in the field (tied ridging)
ma y flow over gras s protected embankments. If
slopes are very steep it may be prudent to organize
draining these clear waters, after the embankment,
to the waterways.

4. Cultivated strips have a constant width to allow
a mechanized and really .Irrtens i ve agriculture. Their
length, can reach 200 to 400 meters, wh i ch is the
optimum for oxen drawn work. For l orig.uer distance,
very little time could be earned but erosion. risks
increase sigrnf.i.earit'l y because of irregular Hies of
hill slopes. There is no ground los t because, after
some years people may y i e l d on buffer strips
mul c hing., f-or rage , fruits, fuel wood and some perch
which coul.d 'be commercialized (GOrse. 1985).

5. Although, there is a limitation of thismethocl.:
thethiclqiess of arable soil. If erosion and cultural
practices push progressively the ground down the
cultivated strips, the arable' layer will increase
at the lower part, but decrease at the upper part.
As long as the ground is light is possible to com
pensate the losses 01 the upper part bybr inging
preferentiallynutrients and or.gan ic matter. But
if rocks -ap pear at less than 50 cm depth, cultiva
tion practices . must be made alternatively in the
each direction to keep a soil volume enough for
t'h'e root system.

CONCLUSION

The analysis of principles, data of measurements
and field observations shows clearly that the "permeable
microdams" or the "progressive terracing" system is.
better adapted to West African env rronment than "diver
sion c h anne l terraces".
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But we must do two remarks:

1. There are very few ex-perimenta l valuable data
demonstrating the efficiency .and rentability of th'ose
managements for soil and water c onse r v.at'ron on
a watershed scale. Although people continue to
a p pl y blindly methods defined half a century ago
by Bennet for Intens ive agriculture and temperate
env i-r.onment of the Great P'l aLn io f America.

2. . The rare data on runoff plots show that, . even
if these management are effi c Ient (P .f ac tor v ar.ie s
from 1 to 0,3 - 0,1); the vvare much less efficient
than bdolog i ca l practices -on the field CC factor
varies from to 0,1 - 0,01).

Once (he antierosi ve management is weIl done, and
adapted to eac h part of the .landscape it remains to
define agrosyl v o pastor.a l. systemsallowi-ng to really inten
sify simultaneous 1y the production of crops (lndl.istrTal
and f ood ) , wood (G'hief energy source in West Af,x:i,can
environment) and cattle to answer to elementary needs
of incr.easing population.
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