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Abstraet

In the Sudano-Sahelian  zone  of western Africa. characterized by semi-extensive  agriculture and  subhurnid clim,lte,  soi1
degradation and water shortages are widespread features. Soi1 and water conservation practiccs are introduced to the farmers.
but  often  abandoned thereafter. Some interesting results have been obtained, on a hillside scale.  in the southern part of the
cropping basin  of Senegal. As  a supplement  to the experimental design, two small  watersheds (2.5  ha) were deliner.ted  and
equipped  in representative hillside locations. In 1988, bath  the watersheds were planned and submitted to an hydnalogical
survey.  One  of them, located on a colluvial/alluvial  terrace.  was also  submitted to soi1 water storage and grain yield
momtoring.  Results highlight a decisive  effect  of soi1 and relief features on the efficiency of conservation mrasures. F!cle\ant
results were obtained on the terrace,  but upstream areas  still generated marked soi1 and warer  losses.  These  phenomena. in
addition to socioeconomic constraints.  partly explain farmers’ behaviour noticed  on the hillside bcale.  i‘  1998 Published  by
Elsevier Science B.V. Al1  rights reserved.

Kqr’rtinrnlr:  Soi1  conservation: Runoff;  Erosion; Water balance: Watershed management: Millet; Senegal

1, Introduction

In the cropping basin  of Senegal, environmental
degradation is found in a11 landscape units,  as shown
by  hiph water erosion, involving sheet erosion in the
upper  parts of the toposequence.  gully erosion at
nickpoints and sand deposits in the lowland areas.
For landscape  rehabilitation and as a prelude to any
agricultural intensification, erosion phenomena must

~--- The marked tendency of the local soils to  form
*Correaponding  author. surface seals  is  the result  of  their  weak stabil i ty.  These

be stabilized and runoff reduced on a11  slopes (Perez
and Sene,  1995)

In fact,  soi1  infiltrabiliity increases from the Upper
part of the hillside to the lowland area  (Perez, 1994).
Thanks to this natural tmnd,  it is possible to control
overland f low by reducing i ts  velocity and avoiding  i t s
concentrat ion.  Depending on the local  condit ions,  this
cari  be achieved with a network of filtering ob:rtacles
such  as stone bunds or live-hedges (La1  and Siewart.

1990; Roose, 1994).

~1167-8X0’~19Xi0;19.0(~  J 1998 Pubiished hy Elsevier Science R.V. All  rights reserved.
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ferruginous loamy sands are characterized by yery low
clay  and organic matter contents (Charreau aid  Nicou.
1971). Hence,  there  are very  few solutions to increase
long-term infiltrability in the soi1 profile. Cropping
practices creating and temporaril:y  maintaining sur-
face roughness permit an increase surface storage and
ponding time (Morin ef al., 1984; Lamachère, 1991).

Soi1  surface covers  of trop canopies or residuc
mulches cari  reduce surface sea1in.g  and flow velocit)
(Box and Bruce, 1996). Under local conditions. it i\
necessary  to promote  rapid trop  establishment  antl
adequate canopy growth. This cm bc donc by cou-
pling water and organic matter management practices
(Roose et  al., 1’992; Sessay and Stocking,  1995).

In the light of these observations, rehabilitation
operations were conducted on the basis  of local eco-
logical features and human  uses. The local effect  of
conservation measures and the  mechanisms  involved
were studied in two small watersheds (2.5 ha). corrc-
sponding to an intermediate  scale  Inetween  thc  hi l l s idc
area  (1 km’) and the experimental  plot ( 100 m’) nncl
constituting a relevant sized  soi1  I-mit.

The characteristics of both watersheds  ancl  thc
survey methods used are describcd, followed by  thc
results  from the hydrological  survey, the water baluncc
monitoting  and the trop yield study. The  discussion
highlights  the consequences  of  thc rcsult\  t’o~
watershed management on a hillsidc scalc.

2. Material and methods

2.1. Watershrd  descriptim

The 2.5 ha Ndiba watershed (hl) is located down-
slope on the colluvial/alluvial terrace.  A contouring
track  and natural  relief mark the limits of the basin.
The upstream slope is nearly 0.5%. wliereas it reaches
2.0% in the downstream area  where rills are concen-
trated into a widening gully.  The watershed is  entirely
cropped and divided+o  ‘fow-@ym  plots (Fig. l(a)).

It has a leached and  dis&bed  ‘feimginous soil.
The first horizon (O-60 c& depth) is sandy  and friable
with a continuous  structure. Clay (5-10%) and
organic matter  (0.5%) contents are very  small. Deeper.
the texture gradually b ‘cornes loamy and ferric spots

:or gravels appear from .5  m depth.  As a consequence
of sheet erosion and dolluvial deposjfs,  the topsoil

/ -

infiltrability shows high spatial  variabi1it.y  (Perez,
1094).

In 1988, soi1  and water conscrvatio.n  practiccs  wcrc
implemented in the NI. They  included one  live-hcdge.
establ ished in  the middle  bfthe  hasin  and  douhled with
an upstream  graminae lin<:  (Ptrrri(~ri/l  rrlrrsir!rlr!ll).  antl
cight filtering barriers  (r/tc>nc  pavements  and  brusb-
wood dams) across  the \hiaterM,ay:;.  Ihrthcrrnore. XV
eral improved cropping  p@tices  were introtlucecl  into
the four farm-plots: contour cultivation.  dry sca~)n
dccompacting, shallow  r d.gin;r  and localizcd mantlrc’

iapplication. These  techni LWS ;Ire  tlc>~crib~tl  ‘11 Perc/ ~1
al. (1997).

The 2.5 ha Yaranc  Katkrshcd  (YA)  i4  lo~:~tcti  in 111~’
Upper  part of the hillslopj  on thc cdge  of thc:  cropping
area.  Because of the ge/n.tle  relief, ~:he  limits werc
dclineated with an cartljen  ri(Jgc.  Thc:  \aluc  of  thc
regular slope is nearly iI<6,  xith  no  evidcncc  ot’  ;~n
hydrological network, except i.or  a downstream  shal-
low  wide waterway. Ovekland  tlou  anci  shect  crosion
characterize  t h i s  arca.  T h c  \vatershc‘d  i,,  cnrircl)

cs

cropped  and di\ided intc
The soi1  comprises col

cls  eroded from the upp
(O-20 cm dcpth) is sandy
presents 5--30%  femc  ;
continuous  and fragile.
bccomes  loamy with 50-
a\‘erage  depth of 50 cm
account  for 80% of tlhe
ditions.  this horizon is
material turns crumbly.
feature of the watershed
depends  on the depth of

In 1988, soi1  and watt
implcmented in the YA.
established in the NI Ir
filtering obstacles and ir

lier 11irm-plots  ~Fi~.  1 th 1;.
uvial  dçposits and fine  grav-
:r plateau.  Thc tir:<t  horizon
(with 10% clay  content) ancl
ravels  and the structure  is
Deeprr. the texture rapidly
10% tcrric gravcls.  Belou ;II~
ferric  nodules and  gra’~.cIs

oil  volume.  Under dry con-
like  a  hardpan.  bu t  wcttcd
Gurface  sealing is a general
but the strength of the seal

the  hardpan.
conservation practiccs wcre
They are the samc  as those
lsin: one  live-hedge,  three
provcd  cropping practices.

ri

) Y

n

In 1985, the NI outle
gauge and a water stage
concrete-lined ditch. Sec
collected  from 1985 to 1
were established in diffi
(Fig. la) and runoff  vc
rainfall event. One  yea

wus equipped  with a rain
:Corder  that  were set  up in a
iment loads wcre  manually
192. Since  1988, 4 m’- plots
rent parts OF  the ,watershr:d
urnes measured after  each
after installation, filtering
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'tj  - - field limit

I-1 - - Ii-e  hedge

obstacles were eqaipped with 30 marked stakes  for initial stake height (above  the soi1 surface) and  tht.
measuring upslope sedimentation. During  the rainy actual  value.
season,  each  IO-day  period, the cumulative sediment In 1986, the YA  outlet was  equipped with a rain
depth was estimated  from the difference  between the gauge and a water stage recorder that werl;  s e t  u p  i n  a

. , .1qm1--..1-7-----<-- - .-,p- -



concrete-lined ditch. It  iq only since  1988 that the
sediment loads were maneally  collected.  Since 1988,
3 m”-plots  were establishbd  in different parts of the
watershed (Fig. l(b)) and runoff volumes were mea-
sured after each  rainfall. A fourth plot was installed in
an adjacent brushwood z$ne. As in the Ni basin,  20
marked stakes wcre use8  ‘for measuring sediment
dcpth upstream of the filtkring obstacles.

Seven neutron probe acbess  tubes were installed in
the NI watershed. includitg  the 4 m’-plots, for mon-
itoring the soi1  moisturei The neutron gauge was
calibrated fc.lr  each  access’tube  and each  specific soi1
layer (Perez. 1994). Meayurements  ‘were  done  every
IO-day  period during  the kainy  season.

TO  strengthen the stud of the soi1 water storage
spatial variability,  53 sam4ling spots were located on a
20x20 m’ grid  within the. NI basin  (Fig. l(a)). From
1988 IO  1993.  samples  tiere  obtained with a shell
augcr  (O-  150 cm tlcpth)  atjthe  end of the rainy scason.
Geostatistic;il  concepts webe  used for the data analysis
(Burgcss and Wchster,  1TXO;  Chopart. and Vauclin.
1990) and the kriging phcedure  was used for soi1
water storage.

The same  studies  were dlanned  in the YI. Hokvevcr.
aerious problems  were edcountered  during  the data
analysis, because of the,  presence  of gravels and
nodules  in  the soi1  profile.  phe results were considered
unreliable and therefore ace  not incl;uded  here.

2.4. Crop  yeld  rlronitorir~g

From 1988 to 1992, thei  53 nodes  of the 20x20 m’
grid were alro  uscd  for d&ermining trop yield com-
ponents  and s tudying their/spatial  variabi l i ty.  Ground-
nut (Amchis  h!pogea)  w& harvestecl on 12 m’  arca
plots and Pearl  millet (&rl$isetum tiphoiiies)  on 20 ni3
area  plots .  This  experimen’t  was only conducted in the
NI.

3 .  Results

3 . 1 .  Hydrologiccll  sunvv

Concerning the NI basi , 129 rainfall events were
recorded before watershecli planning (198%1987),  50

/

during  1988 - thc rainiest 1
aftcl  planning ( I 0X9- 19’
computed  t’or  a11 t‘\  ent!,  1
min  depth); in this case.
rzspcctivcly.  werc:  anal y:
quency  distribution\ of w
10 and  30 min  intcnsitics I
tKJ.  wcrc  thc  zanic  bcforc
thus  possible to compare  tl
hoth  tinie  \eries.

ar of the decade  - and 154
II.  Rain intensities  w e r e
zater then L,=8  mm (15~:
7, 32 and 93 rainstorms,
d for each  period. Fre-
depth (Fig. 2),  ma ximuni

10 ancl  1&, erosivity index
md after planning. It was
hydrological  results  from

.~lrll~lti!Jll  \(?Il!:'  111,1X! !‘L
Llic  Ic~hnica!  !)i.~)l-‘!Pn15.  ‘1
4c’t  was  huilt. Il contain
planning ( IX-V-  1087). 1 I
planning ( 19X9- I(W).  0
total rain depth of 2057
X7 nim. Thc  iinal  pcriod
2310  111111 ancl  2 lull~~ff  d

runoff coefficicnr  thus  SI
(TabIc  1,. In  l’ac’i.  inter-a
during  bath  thc  ~L’I ic&+.  I’U
r;tinhtornis.  that  \omctinic
;lllnual IC\'Cl\.

ords were lest  because  01‘
clevant  liydrological  data
l 40 flood  eVents  bcforc
durin’>  1988 and 36 aftera:
rail, the finit  period had a
m and a nmoff  depth of
lad  a total rain dcpth of
th

E
of 60 mm. The  mean

ted liom ,4.2%  to 2.6%
nual  ,variability  was  high
11  the occurrence of violent
represented upto  60%  of

Conccrning  rairlstorms.  lordy  31% of the events
initiated runoff during  t!xz fi st period and 26% during
the final OI~L’.  Threshold célues  for rainfall depth
( L,I,,,,),  maximum 10 min jntensity  (ll(,li~~>)  and ero-
sivity  index  (li,,,,,). helow  &Ch there [vas  no runoff.
\\‘ere  computcd. When  the ,I+,,,, value remained the
sxiic  during  thc  tv.0  pci-icxlsi  (LPllr,=71 mm). the  f ,Olim
vuluc  inzrenscd  t‘rorrl  :!3 I llrn/h before planning tr)
36 mm/h atier planning. iIn
from 4.1 to 7.9 (US  units)
ment effect  wac  relevant b u
suvirigs  werc 10~.

1

the same  way,  RI,,,,  rose
The watershed manage-
,the  global rtmoff ,volume

Table  7 givcs  thc  ~IMN~ hydrological  results from
thr  square-metcr Plots.  Abnual  runoff coefficients
ranged  frorn  1 O<‘i to  ?S%i.  During  tht:  samc  y e a r ,
runoff depth somt:time\, d

i
ubled between the plots.

Beyond thc trop  (over cffe-ts, this  spatial variability
was  quite  constant: S44 pilot  bas  the worst infiltr-
abilily.  On this  \cale. th  Lplim threshold values
rangcd from 6 to 10 m

:

and  zI()lirn from 18 to
24 mm/h. These results indi ate  that the annual outlet
flow represented lO-20%  f the square-meter  runoff
estimations. This means  ,that  water distribution
processes within  the 1wate s.hed were much  higher
than the  losses  to  thc  outside. Similar results



Fil;  3.  Comprison  of min depth  frequency  distribution curvë\.  bcIv.wu  lu0 pwiod,~.  twfwe  (lY85--1987)  and tifter  (1989-1992)  plannm;. NI.

I’eri*~tl N o .  o f No. I>f .r0t;d - 1 >l.L/ Tut:11 ih?ean  ru;l.lfl’

rains Iloods rain!al!  (mm, :,ltlGvit! index nJnoff  (mm) coefficient (ci  1
._--.--...-----  - - - -  -__-----  ----_--  _ __ _~.  _._---^-------~~  ..-.

.\  1 !dS!ll
Hclore  (1985---l  987  1 179 10 2057.7 000 x 7 . 1 3 . 2

f%mning  ll9R8) 50 18 931.5 45 10.1 4.3

:4111-r  (19X9-1991) 154 3 6 ‘ 3 3 ’ 1 . 7 IllY 6 0 . 2 7 . 6

I;I Iurirf
firl‘ore  ( 19X6--19P7) 8 8 3 3 1361.J 5-l: 159.X 1 1 . 7
Pl;mning  ( I Y8Xj 49 1 . 3 917.3 131 68.3 7 . 4
,Aftrr  (1989-1992) 1 5 4 36 22X2.3 ii)46 22  I .7 4 . 7
--.- - -

T a b l e  2

k~~nl’all.  eroswily irldex  and annual  runoff balances for 4 ml-pIots  located in the  NI Iwin
_--I----_-- - _----_-~__-.

YCil Total rainfall (mm) Erosiv. indes Annual  runcltf‘  (mm)

I 9x9 7 5 2 . 1 258 6S.7 60.2 135.2  128.7
IYY(l &A 237 67.0 5 1 . 9 105.1  i-i.5
1991 505.  I 267 5 5 . 7 6 X . 3 82.0 68.8
IYYZ 5Y4.I 320 x 5 . 0 96.2 159.6 69.2
--_- - - - i- --_ ~-~.- --

were  obtained in Africa by Thebe (1987): Miller 1987) and 28 for the final one  (1989-1992). Although
( 1992). annuel  balances were not feasible,  variations in overall

hlany  values were missing in the sediment  load data losses  between the two  periods were rather substan-
set. because  of the sampling mistakes. Only 25 rele- tial: 13955  kg before planning and  2967 kg after
vant  recoyds  were available for the first period ( i 98% planning. The same  difference  was  noted between

-_-.  --
.  _.-_ -_-___l--.---- -.  --.-
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the most erosivc events of each  period: 4924 kg (July
1986; R=96 US unitsj  before planning and 912 kg

response of the YA  basin  F:;IS net  substantially  mod-
ified and thcrc  vicrc  still ~:rtcl-  I,wcs.  l’he cumulative

(July 1990; R-98 US units)  after planning. Theore- runoff depth ratio (Lr(Nl/j!‘Lrr  YA,)  \Y..IS  nearly  41 cil
t ical  specifïc  erosion thus decreased from 1.9 t/ha/year during  the  1986-1987 p ‘riod, and  dropped to 27%
to 0.3 t/ha/year,  as a result  of the watershed manage- during  the final period ( 11139-l 993j.
ment programme. Table 4 gives  the armudl  hydroll.>gical  results  from

square-meter plots.  Annual  runoff‘ coefficients ranged
from 18%  t<:l  30%. A4 in thc  NI hasinl  spatial varia-
bility was qoite  constant: thc  S55  plot had the worst
infiltrahilit>. On Ilii, \,:;./I:,.  111:  i / 1 Irl-c~ll~>ld  ~Slll~~l

Conceming the YA basin,  88 rainfall events were
recorded before planning (1986-  1987), 49 during
1988 and 154 aticr planning (1989-1992). Rain inten-
sities were computed for all  evcnts  greater than
L,=8 mm: in this  case., 46, 28 and 93 rainstorms.
respectiveiy. were analyzed  from each  period.
Although the freyuency distributions for rain depth
were similar during  both periods. maximum 10 min
intensity (Ilo)  frequency curves  are quite  different
before and after planning. Only i!O% of the events
had 110  values greater than 40 mm/h during  the first
period, with 55% during  the  final (one.

The hydrological data set contains  33 flood events
before planning ( 1986-I 987), 13 during  1988 and 36
aftér planning (1989-1997).  Overnll,.The first  period
had a total rain depth of 1%  1 mm and  a runoff depth
of 160 mm. The final period had a total rain depth
value of 2285 mm and a runoff depth of 222 mm. The
mean runoff coefficient thus dropped from 1 1.7%  to
9.7% (Table 3). As in the NI basin,  intcrannual varia-
bility was high during  both the periods from the
occurrence of violent rainstorms.

‘htal

IYYO 06/lO 11.1 07/l 7

071  i x to  07/i  I
08/0 1 t u 0x/1 6
WI  7 tt.1  0x/3  I

Threshold values for rainfall depth (I-plirn),  max-
imum 10 min intensity (Il~lli,,,)  and erosivity index
(Rli,),  below which there is  no runoff,  were computed.
The values were nearly steady during  the two periods:
Lplim remained the same  (13 mm), IlOlim increased
from 19 to 24 mm/h and Rlint  from 2.3 to 2.7 (US
units) .  In comparison with  the NI basin,  the watershed
management effcct was less relevant, even the global
runoff volume savings  were similar. The  hydrological

'li~tdl

Table 3
Rainfall, erwivity  index and  annuul  runofl‘  balances  liw 4 m’-plots  Iocat?d  in thc YA hasin

Total rainfall (mm ) Erosiv.  index Annual  runoff (I~I~I)

Sji SS4 s55 SS7
- - - --. - - - - -----.~---__~

1 9 8 9 740.2 254 171.7 139.7

1 9 9 0 433.8 247 9X.6 86.1

1991 505.6 268 128.4 102.5

1 9 9 2 603.0 I 278 108.8 1 2 0 . 4
--~~- .-~ - - . -~_
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ranged  from 6 to 7 mm and IlOlim from 11 to 24 m.m/h.
The Eatter  value corresponds to the fourth plot ,  which
was in the brushwood  zone. These results indicated
that  the annual outlet  f low represented 40-50%  of the
square-meter  runoff estimations. These proportions
were  higher than  those issued  from the colluviall
alluvial terrace  plot<.  This  is mainly because of the
gcntle and uniform slope,  and also to the low mean soi1
infilrrability within the  YA  basin,  according to B#ader
( 1994): Terri ( 1996,~.

Although  ther’:  was no scdiment  load data before
planning. it \V;~S  possible  to compare the global ,sedi-
ment losses  in the Y.4 basin  after planning, estimated
to 1 1096 kg (35 flood  events). with the NI basin  losses
during  the same  period.  The global  sediment  load rat io
(I,s(  N1,1/ts(  YA))  reaches  nearly to 27%. Watershed
management obviously  had limited effects  on soi1
slabi!ization of  thc  flelcls  located  in the upstream part
of thc  hillsidc.

A di;tributicm  titting  proccdure  vras  established for
each  20x20 ni’ grid data set  from the NI basin.

Normal distribution :f’unctions  titted  a11  the soi1  water
storage (O-150 cm dcpth)  data  sets.  cxcept  for the yt:ar
1988 which was delctcd  from the :subsequent  geosta-
tistical analysis. A spherical mode!  was uscd to com-
pute parameters of the normalized semi-variogram
fimctions  (Burgess and  Webster, 1980). !Soi1  watel
storage presents  an i,Mropic spatial structure with a
steady 50 m range  valuc.

The kriged contour maps  highlightzd  thc same
characteristic arcas.  c\‘;>n  11 ben  thc‘  actual  watel
storage values diffcr.*.  ‘X ~!own\tr~;lI:l  c.onfiucncc
z o n e  was  ,hown  to c’.x~.~v(I  thc  inliltr;~~ion  values.
while the central axis  zouc’  exhibited a chronic
deficit  (Fig. 3). Obviously.  u’atcr  accumulation \~US
t h e  result  o f  t h c  rclicf and  cnhanced  by  filtering
barriers.  Further topsoii  texture and soit  surface
feature studies,  accordin::  to  thc mcthod  of  Caserlave
and Valentin ( 1989). cor tirrncd  thut  thti  central  axis
zone was  characterized hy  higher silt  and  very  fine
sand contents and unstable  superficiai  structure
(Perez, 199-I). Hencc.  \vatcl-hcd  management did
not bave  a marked ef‘fect  (111 the  lvater  storage  spatial
variabilitj  \vhich.  dcpc.ndcJ  up~m  topogrqhy  and  soit
characterist ics.

Fig. 3.

r7-c  \\ /-_ w i i c’y

4 n 40

0 26 40 60 80 100 120 7 4 0 160 100 2 0 0

Kriged contollr map of the soi1 water  stkge  (O-150 c:m depth).  NI hasin, sûmplin g  gid  20  x 21)  m’. snmpline  Lis.te  Novemlxr  l 1 . 190  1
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However,  some field observations part ly invalidat~,l
these results, obtained at;  the cnd of the rainy  SC;I\OZ:
from a 20x30 m3 samjpling  grid. In particular.  .I
ponding area  regularly appeared abovc  thc  livc-hed~e.
but its spatial extension was  limited.

In 1991 and 1!)92,  auger samples were  thus  col-
lected along  three tradsects  perpendicular to thc
hedge. The sampling sites were syrnmetrical  and
located at 5 m, 2 m, 1 ti and 0.5 m from the central
point (Fig. 4). Sampling was carried out  on a t Na!
‘oasis. Mean  moisture levels  at  a given  depth  \vLxrc
analyzed, with transects  considered as replicatcs.  ‘1’1~~‘
water status  was  determiried by dividing  the spacc  into
two units.1 .

1.  the first unit refers to  the cropping area  on  caitl
side  of the hedge, characterized by thc watc‘r
suppiy  measured at th( -5 m and  +S m abscissac:
the mean  runoff  deptgs  from S41 and  S43 square-
meter  plots were Subtracted from thc dail!
precipitation;

2. the second unit refer,’ to the hedge, characterized
hy  the water supply In easured at  the A1-0.5  m and
ir 1 m abscissae;  the live-hedge  evapotranspiration

\V~S  determined from 1Jcriods without runofl‘  y*nd
comparcd  to  that  o f  ti&:  crops  dcfinecl  aho\~..  t\
ratio of II .3  was thus  jobtained  in I’avour  of thc
hedpe: it was  appli~zd  dhereafter  fol all  situations.

At  the beginning of the tainy  jeason.  thç  infiltration
gain  above  the hedgc \~LIS  $rountl  1 IX mm in 190 I and
S-l  mm in 1992. In t 99 1, blobal  watcr  stora-c  varia--
tioni.  rneasured at  the cnd /of the rainy  season.  wcre  in
tine  with the lirst  infiltratidn  gains. Howcver. for t 992.
a simple study of global +ater  storage  variations did
not highlight the fifterinb  rote of thc hcdge.  Thc
infiltration gain mainly ct the needs of  the  shrubs
and  Graminae  species at  t

1
t: end of the season.  Morc-

over,  marked stake rnonit ring cnabled  assessment  of
annual  sedimentation ups ‘rcam  from the  ‘hcdge.  This
sedimentation  was  found t

1

be about  I .8  crn/year  after
installation of the hedgc. and  levelled  o f f  at  about
05 cm/year thereafter. ’

Concerning the filteri g barriers,  from 1989 to
1992,  a comparison  was

4

ade  between  water storage
values from the S47 neutro probe access  tube. located
in the main gully  and thc S4l and S42 watcr storage
values (Fig. I(a)). Soi1 water storage could  be corn-
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Table 5
Grain yields for a Pearl millet (var. SOUNA III) croppsd in thc NI
basin in 1988, 1990 and 1992 (millet/groundnut  roration)
~---- -

Location Grain yield (k#ha)
-

Mean S D Coefficient of
variation (!FI

- - - - - - --~-
19,??8 Upstream 1143 3 9 7 34.7

Downstream 891 .3l;* 1J.3

i9w Upstream
Downstrcam

IYY2 Upstrcam 816 52 30.  I
Downstream 1 1 7 7 4 19 35.6

- - -
Variations due to the location, relative to the Ii\~-hcdgc  position.
Harvest spots: 20 m2.

puted on a per-year basis until the last  measurement
level(25O cm depth) was reached by the wetting  frrlnr.
In fact.  this was net  a major constraint  as most  of thc
surface runoff was  trapped at the  beginning  of !h<
rainy season, when,  trop  caver  was  sparse  and violent
rainstorms  occurrcd.  During  the monitoring period.
infiltration gains bithin  the gully ranged  from 101 tc)
127 mm (Table 5). Thc  mean sedimentation above rhe
lilterinp barriers was  found to be about  16 mm/year
after installation. and levelled off at 13  mm/year there-
after. These confirm former results  obtained by Ruellc
et al.  Cl  990).

3.3. Crop  yield  mcmitoring

The effect  of the improved cropping practices on
soi1  and water management and then on the yicld
components were studied separately (Perez et al..
1996). The ficld survey within the NI basin  high-
lighted the spatial variability in the trop r’esponse  to
the soit  and water conservation measures.  Bcfore
planning, the downstream  widening guily was’under-
going erosion and topsoil crusting. Some 2500 m’
were progressively abandoned by the farmer, but ia
1988 the entire  arca  was cropped, becausc of thc
sediment deposits above the filtering barriers and
dry sea.son  soit decompacting.

As two plots were under  an alternate trop rotation
(544 and S46 locations), rather than carrying out  a
geostatistical analysis the remaining area  was divided
into two blocks  relative to the location of the live-

hedgé: upstream (13 spots) and downstrcam  ( 1 i spot:,)
part, belonging to the same  farmer.

Table 5 gives the results ofthe grain yicld  J :u.iatiorrs
recorded in 1988, 1990 and 1992 with a Pearl  millet
(var. Souna  III) trop. The production level XX high  in
comparison  to nearby fields (Perez ct  ai., iY97).  Thi$
was partly because of the soi1 chara’cteristic:,  but also
to the current  adoption of improved  tcchniqucs  h;;  thc
farmer. The downstream  area  rcached  the  same  puten-
tial as the upper  part. Even  tho@I  annuai  ~:ij:n;,l~c
variations interfered with evaiuation  of thc agric[~~-
tural results, local farmer5 strr5scil  111~ !;IL~  iii:li  ! .
surface savings and field  homugeneir>,  Y\ t’r~  IK  (1 ~CIL
vant  benefi ts .

4. Discussion

A c c o r d i n g  t o  Amir ( 1996~.  soi1  rchabiiitaticrn
attempts are dependent on the existing climntic  CO~I-
ditions,  cropping systems  ancl  thc  socic~tlconomi:
environment. In the case of’ western  Africa. wit?
semi-extensive agricul[urts  and  subhumid  ciimatt  .
few technical references  are available, aven  thou@l
many extension programs havc  developed  !~C\C soii
and water conservation pracrices Serpentic  anil
Lamachere  (1990) improved wzter infiltr,ltion b:t
combining soit  ploughing and stone  hunds.  in
1000 rn’  plots located in northern Burkina Faso. in
the same  country, Van Duijn et al. ( 1994) c’:)nfirmed
the advantage of stone bunds for water management iu
the local  food trop  system. Most  authors  ackr.ou’lcdg~
that the trop  response is often moderdte  because 01
subsequent  leaching processes or unbalanced watc‘l
and minera1 supply (Reyniers and Forest.  1990~

The NI, located on the colluviaYailu\;ial ttrrrace.  i.
characterized by a good soi1  infitrability and a doti  n
stream gully system. Before planning. thts  annu::l
runoff coefficient was low (4.2%) and corr~spondcd
to a marked water deficit  betwecn the square-mele!
runoff potential and the outlet  fow. Overall. despk:
the low absolute  values.  watershed  managrmccl
allowed a reduction  of 40% in water losses,  and
sediment loads were six times lower. Within thc
watershed,  water distr ibution was not greatly !modifieci
according to the water storage spatial variability.

However, iimited areas  Bocated above the fïlterin?
barriers, concentrated water infiltration and trapped

- -“....
* *v\ ._-- - ----- -____



sediments. Consequentli,  the topography and soi1
surface features of the downstream zone were con-
siderably modified. Thede  improvements, associated
with the new tillage tee d niques and manure applica-
tion, favoured sustainablk  cropping of the entire area.

The YA.  located in thel  upper part of the hillside, is
characterized by a low nfiltrability and a uniform
relief. Before planning annual runoff coefficient
was  nearly 12% and re sented 40% of the square-
meter runoff potential. r planning, water and soi1
losses  remained h igh . ObGiously,  the filtering effect  of
the  conservation measur

b
s was not efticient enough.

The absence of a well ide, t ified drainage net led  to  the
creation  of large fluctuati$g  waterways.  Surface runoff
thus  bypassed  the  fdte$ing  barriers and sediment
dcposits  wcre  small (live-/hedge:  0.5 cm/year;  filtering
barriers: 1 .O cm/year). ’

Moreovcr.  hecause  of tbe  soi1  constraints,  improved
cropping practiccs  were

1
ess  efficient than applied on

the colluvial/  alluvial terr
1

ce. For exemple, dry season
dccornpactmz  created II cm deep subsoiling  in thc
downalopc  si:ndy  soils i,ut  only 7 cm deep in thc5
upslope  gra\‘elly  soils. S$l  surface fcntures  also  chan-
ged  more rapidly  under rzzindrop  impact (Perez, 1994).

.-
5. Conclusion

On a farm-plot scale,  lhe  two experimental water-
sheds were representativk  of the bral environmental
constraints  and the land dse  features. The poor quality
and the crusting tenden

1
y of upslope soils were net

favourable for the estab,ishment  of crops  or Young
shrubs. Greater effort wa

t
also requi red from the oxen

for soi1 t i l lage.  Often far f/rom  the Vi:llage  and rcnted to
outsiders, the fields  locbted  on th.ese  soils are not
priorities fQr farmers. 111 contrast.  downslope soils.
deep and easy  to  till,! allow rapid  development.
because of surface  savinbs  and the high yield poten-
tial.

.

In the light  of these pbenomena,  reinforced by the
diffcrent  tcchnical result%  described in this paper. the
natural  trend will probabiy  lead  to  the developed bclts
located along  the low and axes and topped by
degraded hi l ls ides. 1Thisi  tendency could  explain the
behaviour of farmers de+ribed  in F#erez  et al. (1997).
Although developing l$llsides -requircs  collective
work, the samc  pcople, /as individual farmers, were

rangzlands  uzhile  neglect-
:tices.  except  for the most

tershed  management in the
pping  basin  o f  Senegal:
l;ltiorl  processes along  the
rcclaimation, social con-

p  organization.
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