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Abstract

In the Sudano-Sahelian zone of western Africa. characterized by semi-extensive agriculture and subhurnid climate, soil
degradation and water shortages are widespread features. Soil 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 Senegd. As a supplement to the experimental design, two small watersheds (2.5 ha) were delinected and
equipped in representative hillside locations. In 1988, bcth the watersheds were planned and submitted te an hydrological
survey. One of them, located on a colluvial/alluvial terrace, was also submitted to soil water storage and grain yield
monitoring. Results highlight a decisive effect of soil and relief features on the efficiency of conservation measures. Relevant
results were obtained on the terrace, but upstream areas still generated marked soil and water losses. These phenomena. in
addition to socioeconomic constraints, partly explain farmers behaviour noticed on the hillside scale. 1998 Pubtished bs
Elsevier Science B.V. All rights reserved.

Kevwards: Soil conservation: Runoff; Erosion; Water balance: Watershed management: Millet; Senegal

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

In fact, soil infiltrabiliity increases from the upper
part of the hillside to the lowland area (Perez, 1994).

1. Introduction

In the cropping basin of Senega, environmenta
degradation isfound in all |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 greas.
For landscape rehabilitation and as a prelude to any
agricultural intensification, erosion phenomena must

*Corresponding author.

Thanks to this natural trend, it is possible to control
overland flow by reducing its velocity and avoicling its
concentration. Depending on the local conditions, this
can be achieved with a network of filtering obstacles
such as stone bunds or live-hedges(Lal and Stewart,
1990; Roose, 1994).

The marked tendency of the local soils tc form
surface seals is the result of their weak stability. These

0167-8809/98/519.00 | 1998 Published 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 and Nicou,
1971). Hence, there are very few solutions to increase
long-term infiltrability in the soil profile. Cropping
practices creating and temporarily maintaining sur-
face roughness permit an increase surface storage and
ponding time (Morin et a., 1984; Lamachére, 1991).

Soil surface covers of crop canopies or residuc
mulches can reduce surface sealing and flow velocity
(Box and Bruce, 1996). Under local conditions. it is
necessary to promote rapid crop establishment and
adequate canopy growth. This can bc donc by cou-
pling water and organic matter management practices
(Roose ¢t 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 smatl watersheds (2.5 ha). corre-
sponding to an intermediate scale between thc hillsidc
area (1 km’') and the experimental plot { 100 m°) and
constituting a relevant sized soil unit.

The characteristics of both watersheds and the
survey methods used are described, followed by the
results from the hydrological survey, the water balance
monitoring and the crop yield study. The discussion
highlights the consequences of thc results fo
watershed management on a hillsidc scale.

2. Material and methods

2.1. Watershed description

The 2.5 ha Ndiba watershed (N1) 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 itreaches
2.0% in the downstream area where rills are concen-
trated into a widening gully. The watershed is entirely
cropped and divided. into Tourfarm plots (Fig. 1(a)).

It has a leached and disturbed ferruginous soil.
The first horizon (O-60 cm depth) issandy and friable
with a continuous structure. Clay (5-10%) and
organic matter (0.5%) contents are very small. Deeper.
the texture gradually bé cornes loamy and ferric spots
or gravels appear from?.s m depth. As a consequencé
of sheet erosion and éplluvial deposits, the topsoil

infiltrability shows high spaijal variability (Perez,
1094).

In 1988, soil and water conservation practices were
implemented in the NI. They included one live-hedge.
established in the middle of the basin and douhled with
an upstream graminae line (Panicum maximunt). and
cight filtering barriers (stone pavements and brush-
wood dams) across the waterways. Furthermore. sev-
eral improved cropping practices were introduced into
the four farm-plots: contour cultivation. dry scason
dccompacting, shallow rid.ging and localized manure
application. These technigues are described n Peres o
a. (1997).

The 2.5 ha Yarane watit‘rshcd (YA) is located in the
upper part of the hillslopg on the edge of the cropping
area. Because of the gentle relief, the limits werc
dclineated with an earthen ridge. The value of the
regular slope is nearly 1%, with no evidence of an
hydrological network, except for a downstream shal-
low wide waterway. Overland flow and sheet erosion
characterize this arca. The watershed is entirely
cropped and divided intc four farm-plots iFig. [ (b,

The soil comprises col uvial dgposits and fine gray-
els eroded from the upper plateau. The tirst horizon
(O-20 cm dcepth) issandy (with 10% clay content) and
presents 5-30% ferric gravels and the structure is
continuous and fragile. Deeper, the texture rapidly
becomes loamy with 5()—4}0% terric gravels. Below an
average depth of 50 cm | ferric nodules and gravels
account for 80% of the jail volume. Under dry con-

ditions. this horizon is

like a hardpan. but wetted

material turns crumbly. Burface sealing is a general

feature of the watershed
depends on the depth of
In 1988, soil and wated

but the strength of the seal
the hardpan.
conservation practiccs were

implcmented in the YA. They are the sume as those
established in the NI basin: one live-hedge, three
filtering obstacles and irnproved cropping practices.

2.2. Hvdrological surve

In 1985, the NI outle
gauge and a water stage f
concrete-lined ditch. Secd

wus equipped with a rain
ecorder that were set up in a
iment loads were manualy

collected from 1985 to 1992. Since 1988, 4 m>- plots

were established in diffe
(Fig. 18) and runoff vo
rainfall event. Qne yeat

rent parts of the watershed
urnes measured after each
after installation, filtering
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Fig. 1. Topography and developments of the two small watersheds. Soil water storage and local runotf monitoring plots are represent

NI basin; (B): YA basir.

obstacles were egaipped with 30 marked stakes for initial stake height (above the soil surface) and the
measuring upslope sedimentation. During the rainy actual value.
season, each 10-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 werz set up in a
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concrete-lined ditch. |t is only since 1988 that the
sediment loads were manually collected. Since 1988,
3 m?-plots were established in different parts of the
watershed (Fig. 1(b)) and runoff volumes were mea-
sured after each rainfall. A fourth plot wasinstalled in
an adjacent brushwood zane. As in the Ni basin, 20
marked stakes were used ‘for measuring sediment
depth upstream of the filtering obstacles.

2.3. Water balance monitoring

Seven neutron probe actess tubeswere installed in
the NI watershed. including the 4 m™-plots, for mon-
itoring the soil moisturei The neutron gauge was
calibrated for each accessitube and each specific soil
layer (Perez. 1994). Meagurements were done every
10-day period during the fainy season.

To strengthen the stuty of the soil water storage
spatial variability, 53 sampling spots were located on a
20%20 m> grid within the. NI basin (Fig. I(a)). From
1988 to 1992, samiples were obtained with a shell
auger (()- 150 cm depth) at/the end of the rainy season.
Geostatistical concepts we}e used for the data analysis
(Burgcss and Webster, 1980; Chopart. and Vauclin.
1990) and the kriging procedure was used for soil
water storage.

The same studies were planned in the Y1. However.
aerious problems were efcountered during the data
analysis, because of the presence of gravels and
nodules in the soil profile. The results were considered
unreliable and therefore are not included here.

2.4. Crop vield monitoring

From 1988 to 1992, the 53 nodes of the 20x20 m*
grid were also used for détermining crop yield com-
ponents and studying their spatial variability. Ground-
nut (Arachis hypogea) was harvestecl on 12 m?® area
plots and pearl millet (Pennisetum tiphoides) on 20 m?
area plots. This experiment was only conducted in the
NI.

3. Results
3.1. Hydrological survev

Concerning the NI basjn, 129 rainfall events were
recorded before watershed planning (1985-1987), 50

during 1988 — thc rainiest ygar of the decade - and 154
after planning (| 989- 1992). Rain intensities were
computed for all ev ents greater then L,=8 mm (L
rain depth); in this case, §7, 32 and 93 rainstorms,
respectively. were anal yzed for each period. Fre-
guency distribution\ of rainjdepth (Fig. 2), ma ximuni
10 and 30 minintensitics (/| and Iy;), €rosivity index
(R). were the same before gnd after planning. It was
thus possible to compare the hydrological results from
hoth time series.

Although seme flood redords were lost because of
the technical problems. o relevant hydrological data
set was huilt. It contained 40) flood events bcforc
planning (1983~ 1987). 18 during 1988 and 36 after
planning (1989--1992). Owerall, the first period had a
total rain depth of 2057 mm and a runoff depth of
X7 mm. The tinal period had a total rain dcpth of
2340 112111 and a runoff depth of 60 mm. The mean
runoff coefficient thus shifted from 4.2% to 2.6%
(Table 1), In fuct. inter-anpual variability was high
during both the periods. storp the occurrence of violent
rainstorms, that sometimes| represented upto 60% of
annual levels. ‘

C(mcerning rainstorms, jonly 31% of the events
initiated runoff during the first period and 26% during
the final onc. Threshold palues for rainfall depth
{ Lplim)- maximum {0 min il‘.‘\tenSity (‘]1(;‘]‘““) and ero-
sivity index (Kj;,,,). below V\j‘hiCh there was no runoff.
were computcd. When the | L, value remained the
same during the two pcrind.wr!: (Lptin=21mm). the [ g1im
value increased from 24 jpm/h before planning to
36 mm/h atter planning. In the same way. R, rose
from 4.1 to 7.9 (US units); The watershed manage-
ment effect was relevant bu| the global runoff volume
savings werc low.

Table 2 gives the annual hydrological results from
the sguare-metcr plots. Annllal runoff coefficients
ranged from | 0% to 25%, During the same y ear,
runoff depth sometimes dqubled between the plots.
Beyond thc crop cover effefts, this spatial variability
was quite constant: S44 plot has the worst infiltr-

ability. On  this scale. thh
rangcd from 6 to 10 m

Jim threshold values
and [ g, from 18 to

24 mm/h. These results indiijate that the annual outlet

flow represented 10-20%
estimations. This means
processes within the wat

fthe square-meter runoff
that water distribution
shed were much higher

than the losses to the outside. Similar results
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Fig 2. Comparison of rain depth frequency distribution curves. between wo periods. hefore (1985-1987) and afier (1989-1992) planniny. NI.

Table |
Global hvdrological balances of NT and YA (2.5 ha) before. during and aiter the your «1988) of planning
Period No. of No. I>f Totul Tl Total Mean runoff

rains tloods raintall (mm» crosivity index runoff (mm) coefficient (¢
N hasin
Belore (1985-1987) 129 40 2057.7 900 x7.1 3.2
Planning (1988) 50 18 931.5 115 40.1 43
Alter (19X9-1991) 154 36 '33'1.7 92 60.2 7.6
YA basin
Before { 1986--1987) 88 33 1361.J 32 159.8 11.7
Planning { | 988) 49 13 917.3 434 68.3 7.4
After (1989-1992) 154 16 22825 j046 2217 4.7
Table 2
Rainfall, erostvity index and annual runoff balances for 4 m™-plots located in the NI basin
Year Total rainfall (mm) Erosiv. index Annual runoff (mm)

S41 S43 S44 S46

1989 752.1 258 68.7 66.2 135.2 128.7
1990 J88.4 237 67.0 51.9 105.1 i-i.5
1991 5051 267 55.7 6X.3 82.0 68.8
1992 5Y4.1 320 X5.0 96.2 159.6 69.2

were obtained in Africa by Thebe (1987): Miller

( 1992).

Many values were missing in the sediment load data
set. because of the sampling mistakes. Only 25 rele-
vant records were available for the first period (1985~

1987) and 28 for the final one (1989-1992). Although
annual balances were not feasible, variations in gverall
losses between the two periods were rather substan-
tid: 13955 kg before planning and 2967 kg aftet
planning. The same difference was noted between
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the most erosivc events of each period: 4924 kg (July
1986; R=96 US units) before planning and 912 kg
(July 1990; R-98 US units) after planning. Theore-
tical specific erosion thus decreased from 1.9 t/ha/year
to 0.3 t/ha/year, as a result of the watershed manage-
ment programme.

Conceming the YA basin, 88 rainfall events were
recorded before planning (1986 1987), 49 during
1988 and 154 afler planning (1989-1992). Rain inten-
sities were computed for all events greater than
Lp,=8 mm: in this case, 46, 28 and 93 rainstorms.
respectiveiy. were analyzed from each period.
Although the freyuency distributions for rain depth
were smilar during both periods. maximum 10 min
intensity (/) frequency curves are quite different
before and after planning. Only 20% of the events
had /,, values greater than 40 mm/h during the first
period, with 55% during the fina one.

The hydrological data set contains 33 flood events
before planning ( 1986-1 987), 13 during 1988 and 36
aftér planning (1989-1992). Overall, The first period
had atotal rain depth of ] 35 1 mm and 1 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). Asin the NI basin, intcrannua yarja-
bility was high during both the periods from the
occurrence of violent rainstorms.

Threshold values for rainfall depth (Liy), max
imum 10 min intensity (/,y;,) and erosivity index
(Ryim), below which there is no runoff, were computed.
The values were nearly steady during the two periods:
Lyjim remained the same (13 mm), /gy, increased
from 19 to 24 mm/h and Ry, from 2.3 to 2.7 (US
units). In comparison with the NI basin, the watershed
management effect was less relevant, even the global
runoff volume savings were similar. ‘The hydrological

Table 3

response of the YA basin Ewus not substantially mod-
ified and there were still water losses. The cumulative
runoff depth ratio (Lr(NI/Lr( YA)) was nearly 41 %
during the 1986-1987 period, and dropped to 27%
during the final period (19139 992).

Table 4 gives the annudl hydrological results from
square-meter plots. Annual runoff’ coefficients ranged
from 18% to 40%. Ax in the NI basin, spatial varia-
bility was quite constant: the S55 plot had the worst
infiltrability. On this ook the i hreshold values

Table 4
Cormparison of water storage vafutions between two neutron probe
monitoring sites

Year Period ‘ater storage variation (mm)
S47
1989 06/12 10 06/27 28 98
06/28 10 07/11 32 77
07/12 10 08/02 29 54
08/02 1o 08/15 23 12
Total P4 241
1990 06/19 {0 0717 16 28
07/ %10 0731 29 67
08/01 tu 08/16 16 33
08717 10 08/3 ] 2 36
Total 63 164
1991 06/12 10 07/16 20 S1
07/17 to 07/31 14 13
08401 10 08/13 7 -4
08/id 1 08/27 41 11¥
Total 68 178

S41 is located in the downstream part of the NI basin: S47 is
located in the main gully.

Rainfall, erosivity index and annual runoff balances for 4 m™-plots located in the YA basin

Year Total rainfall (mm ) Erosiv. index Annual runoff (mm)

S5t 554 555 S57
1989 740.2 254 1717 139.7 2256 1121
1990 433.8 247 98.6 86.1 143.7 97.2
1991 505.6 268 128.4 102.5 198.9 110.1
1992 603.0 278

108.8 120.4 215.0 1237
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ranged from 6 to 7 mm and [,y from 11 to 24 mm/h.
The Eatter value corresponds to the fourth plot, which
was in the brushwood zone. These results indicated
that the annual outlet flow represented 40-50% of the
square-meter runoff estimations. These proportions
were higher than those issued from the colluvial/
dluvia terrace plots. This is mainly because of the
gentle and uniform slope, and also to the low mean soil
infilirability within the YA basin, according to Bader
(1994): Torri (1996).

Although therz was no scdiment load data before
planning. it was possible to compare the global sedi-
ment losses in the Y.4 basin after planning, estimated
to 1 1096 kg(25 flood events). with the NI basin losses
during the same period. The global sediment load ratio
(Ls{ NI)/Ls( YA)) reaches nearly to 27%. Watershed
management obviously had limited effects on soil
stabilization of the fields located in the upstream part
of the hillside.

3.2. Water bulance monitoring

A distribution fitting procedure was established for
each 20x20 m* grid data set from the NI basin.

Normal distribution functions fitted all the soil water
storage (O-150 cm depth) data sets. except for the year
1988 which was deleted from the subsequent geosta-
tistical analysis. A spherical modet was uscd to com-

pute parameters of the normalized semi-variogram
functions (Burgess and Webster, 1980). Soil wate
storage presents an isotropic spatial structure with a
steady 50 m range value.

The kriged contour maps highlighted thc same
characteristic arcas. cven w hen the actual watel
storage values differe: The downstream confluence
z one wasshown to exveed the infiltration values.
while the central uxis zone exhibited a chronic
deficit (Fig. 3). Obviously, water accumulation was
the result of thc relief and enhanced by filtering
barriers. Further topsoil texture and soil surface
feature studies, according to thc method of Casenave
and Valentin {1989). cor firmed that the central axis
zone was characterized by higher silt and very fine
sand contents and unstable superficial structure
(Perez, 199-1). Hence. watershed management did
not have a marked effect on the water storage spatial
variability which. depended upon topography and soil
characteristics.

169

142
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120 | \j >( - e
\
100 ' el
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50 182
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ol 140
20 | - 20
° : . ! i ) L g
0 20 40 60 B¢ 100 120 740 160 188 200

Fig. 3. Kriged contour map of the soil water storage (O-150 cm depth). NI hasin, sampling grid 20 X 20 m”, sampling date November 11,1991
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However, some field observations partly invalidated
these results, obtained at the cnd of the rainy seuson
from a 20x20 m> sampling grid. In particular. o
ponding area regularly appeared above the live-hedge.
but its spatial extension was limited.

In 1991 and 1992, auger samples were thus col-
lected along three transects perpendicular to the
hedge. The sampling sites were symmetrical and
located at 5 m, 2 m, | mi and 0.5 o from the central
point (Fig. 4). Sampling was carried out on a t 5-day
‘oasis. Mean moisture levels at a given depth were
analyzed, with transects considered as replicates. The
water status was determired by dividing the spaceinto
two units:

1. the first unit refers to the cropping area on cach
side of the hedge, characterized by thc wuter
supply measured at the —5m and -5 m abscissac:
the mean runoff depths from SAL and 43 square-
meter plots were Subtracted from thc daily
precipitation;

. the second unit refers to the hedge, characterized
by the water supply measured at the £0.5m and
+ 1 m abscissae; the li‘ve-hedge evapotranspiration

§

porpendicalar to the hedge. Four dates

’of mezsurement: 26/07/91, 2708,
i
!

was determined from periods without runoff and
compared to that o f the crops defined above. A
ratio of 1.3 was thus |obtained in favour of the
hedpe: it was applied thereafter for all situations.

At the beginning of the fainy season. the infiltration
ain above the hedge was around 1 IX mm in199 | and
84 mmin1992. Int 991, iLglobul water storage varia-
tions. rneasured af the cndjof the rainy season. were in
linc with the first infiltration gains. Howcver. for t 992.
a simple study of global water storage variations did
not highlight the filtering rote of thc hedge. The
infiltration gain mainly mjct the needs of the shrubs
and Graminae species at the end of the season. More-
over. marked stake rnonifgring enabled assessment of
annual sedimentation UpStiream from the ‘hedge. This
sedimentation was found t p be about 1 .8 cm/vear after
installation of the hedge. and levelled of f 4 about
0.5 cm/year thereafter.

Concerning the filtering batriers, from 1989 to
1992, a comparison was made between water storage
values from the S47 neutron probe access tube. located
in the main gully and thc §41 and $42 watcr storage
values (Fig. 1(a)). Soil water storage could be com-
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Table 5
Grain yields for a pear] millet (var. SOUNA II1) croppsd in thc NI
basin in 1988, 1990 and 1992 (millet/groundnut rotation)

Location Grain yield (kg/ha)
Mean SD Coefficient  of
variation (%)
1988 Upstream 1143 397 347
Downstream 897 38¥ 123
1990 Upstream 915 21 26
Downstreaim 635 259 39.4
1992 Upstrean 816 52 3.1

Downstream 1177 419 35.6

Variations due to the location, relative to the live-hedge position.
Harvest spots: 20 m?,

puted on a per-year basis until the last measuremant
level (250 cm depth) was reached by the wetting front.
In fact. this was not amajor constraint as most of the
surface runoff was trapped at the beginning of the
rainy season, when Crop cover was sparse and violent
rainstorms occurred. During the monitoring period.
infiltration gains within the gully ranged from 101 to
127 mm (Table 5). The mean sedimentation above the
filtering 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 Ruelle
et al. (1990).

3.3. Crop vield monitoring

The effect of the improved cropping practices on
soil 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 crop response to
the soil and water conservation mieasures. Bcfore
planning, the downstream widening guily was ‘under-
going erosion and topsoil crusting. Some 2500 m*
were progressively abandoned by the farmer, but ip
1988 the entire area was cropped, becausc of thc
sediment deposits above the filtering barriers and
dry season soit decompacting.

Astwo plots were under an alternate crop rotation
(544 and $46 locations), rather than carrying out a
geostatistical analysis the remaining area was divided
into two blocks relative to the location of the [ive-

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

Table 5 gives the results ofthe grain yield s yriations
recorded in 1988, 1990 and 1992 with a pearl millet
(var. Souna 1) crop. The production level was highin
comparison to nearby fields (Perez et a., 1997). This
was partly because of the soil characteristics but also
to the current adoption of improvedtechniques by the
farmer. The downstream area reached the sarae poten-
tial as the upper part. Even though annual <limatic
variations interfered with evaluation of thc agricui-
tural results, local farmers stressed the iy
surface savings and field homogeneity were 1w ¢ rele
vant benefits.

4. Discussion

According to Amir ( 1996), soil rehabilitation
attempts are dependent on the existing climatic con-
ditions, cropping systems and thc socioeconomic
environment. In the case of’ western Africa. with
semi-extensive agriculture and subhumid climaw .
few technical references are available, even though
many extension programs have developed these soil
and water conservation pracrices Serpentic and
Lamachere (1990) improved water infiltration by
combining soit ploughing and stone bunds. in
1000 m* plots located in northern Burkina Faso. In
the same country, Van Duijn et a. ( 1994) confirmed
the advantage of stone bunds for water management in
the local food crop system. Most authors ackrowledge
that the crop response is often moderate because of
subsequent leaching processes or unbalanced wate
and mineral supply (Reyniers and Forest, 1990).

The NI, located on the colluvial/alluvial terrace. i<
characterized by a good soil infitrability and a dow n
stream gully system. Before planning. the annual
runoff coefficient was low (4.2%) and corresponded
to a marked water deficit betwecn the squarc-metes
runoff potential and the outlet fow. Overal. despite
the low absolute values. watershed management
alowed a reduction of 40% in water losses, and
sediment loads were six times lower. Within thc
watershed, water distribution was not greatly modified
according to the water storage spatial variability.

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

A TR
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sediments. Consequently, the topography and soil
surface features of the downstream zone were con-
siderably modified. Thelje improvements, associated
with the new tillage techniques and manure applica-
tion, favoured sustainablré cropping of the entire area.

The YA. located inthei upper part of the hillside, is
characterized by a low sojl infiltrability and a uniform
relief. Before planning. the annual runoff coefficient
was nearly 12% and repre sented 40% of the square-
meter runoff potential. After planning, water and soil
losses remained high. ObViously, the filtering effect of
the conservation measur ¢s was not efticient enough.
The absence of a well ide,ttified drainage net led to the
creation of large fluctuating waterways. Surface runoff
thus bypassed the filtefing_barriers and sediment
deposits were small (live{hedge: 0.5 cm/year: filtering
barriers: | .0 cm/year).

Mareover. because Of the soil constraints, improved
cropping practices were Jess efficient than applied on
the colluvial/ aluvia terrace. For exemple, dry season
decompacting created ifcm deep subsoiling in the
downslope sendy soils .‘?jmt only 7 cm deep in thc
upslope gravelly soils. Sojil surface features also chan-
ged more rapidly under raindrop impact (Perez, 1994).

5. Conclusion

On a farm-plot scale, the two experimental water-
sheds were representative of the local environmental
constraints and the land q'se features. The poor quality
and the crusting tendenqy of upslope soils were not
favourable for the establlishment of crops or young
shrubs. Greater effort wa$ also requi red from the oxen
for soil tillage. Often far from the village and rcnted to
outsiders, the fields lochted on these soils are not
priorities for farmers. I contrast, downslope soils.
deep and easy to till.] alow rapid development.
because of surface savings and the high yield poten-
tial. '

In the light of these phenomena, reinforced by the
different technical results described in this paper. the
natural trend will probably lead to the devel oped bclts
located along the low| and axes and topped by
degraded hillsides. This| tendency could explain the
behaviour of farmers described in Perez et a. (1997).
Although developing Hillsides -requires collective
work, the same pcople, /as individua farmers, were

observed slashing the upy
ing improved cropping p
productive tields.

This is the paradox of v
southern part of the ¢
although the overall deg:
hillside require top—~dow
straints lead to a bottom:

Referencs

Amiv Ll 199G

soil erosion and rehabilitat

Hipact of crop o

Frrosion, Conservation and Re
York. USA. pp. 375-399.
Bader., 1.C.. 1994, Modele anal
desurface: test sur pare
Fomogene. Hadrol, Scil 39
Box, LE.. Bruce. RR., 1996
infitration and soil erosion,
Conservation and Rehabili
USA. pp. 107125
Burgess. TAL. Webster. R..
1sarithmic mspping of sotl
ponctual kriging. ko Sci. 31
Casenave. Ao \Videnun, C., 19
sahélienne, influence sur
ORSTOM Ed.. ORSTOM |
Charreau, C.. Nicou. R, 1971
dans les sols sableux et s

rangzlands while neglect-
“tices. except for the most

ershed management in the
pping basin 0 f Senegal:
latior processes along the
reclaimation, social con-
[ organization.

ption and land management on
m. In Agassi. M. (Edy. Soil
abititation. Marcel Dekker, New

que de ruissellement & stockage
» et oxtrapolation sur versant
369-3592.

[he effect of surface cover on
: Agagsi, M. <Ed.), Soil Erosion,
on. Marcel Dekker, New York.

§0. Optimal interpolation and
parties. [:the somi-y arigram and
15-33 1.

Les ¢tats de surface de la zone
infiltration. Coll. Didactiques.
is. Fraice, 226 pp.

Jamél oratior, du profil cultural
n-argileux de la zone tropicale

séche ouest-fricaine ot ses
26(9). 903-97%,

Chopart. LL.. Vauching M 199
field test and sensiivity a
1377 1384

Lal. R.. Stewart. B.AL 1990, A
tropics. In: Lal, R., Stewar
clobal Threat. Springer, Ne

Lamachere, J.M.. 1991, Aptitu
d’un sol sableux fin apré:
Wallace, 1.S.. Renard, C.
Soudano-Sahelian Zone.
1991, Niameyv. IASH Publ.

Miller, S.T.. 1992, How import:
Bostwana? Land and Wag
Proc. SADCC conf. Gaborc
Bostwana.

Morin, )., Rawuz. E. Hoogr
Tillage practices for soil a
arid zone. 11: Runoff mc
tillage design. Soil Tillage

Percz, P, 1994, Genese du ru
Sud Saloum (Sénégal). D
parcelie. Doctoral Thesis, |

lices agronomiques Agron. Trop.

Water balance estimation model:
vsis Soil Sci. Soc. Am. ] 54,

sorestry for soil management in
B.A. (I2ds.). Soil degradation. A
York., USA, pp XII-XVII.

W ruissellemen: et §j |'infiltration
velage In: Sivakumar, M.V.K.
1s.). Soil Water Balance in thc
oo, TASH  workshop, February
0,199, pp. 109-120.

aredosses from farmers” fields in
\Management Research Program.
t 992 SADCC publ., Gaborone.

I, W.B.. Benyamini, Y. 1984.
water conservation in the semi-
ling ai a tool for conservation
5 4, 215-224.

allement sur les sols cultives du
diagnostic 4 1"aménagement de
SA Montpellier France, 250 pp.




P, Perez et al./Agriculture, Ecosystems and Environment 70 (1998) /9-29 29

Perez, P. Serre, M., 1995, Evolution des structures agraires et
érosion dans le sud Saloum (Senegal). Reseau Erosion, No. 15,
ORSTOM Montpellier France, pp. 59-68.

Perez, P., Boscher, C., Sene, M., 1996. L’amélioration des
techniques cujturales pour une meilleure gestion de I'eau
pluvidle (sud Saloum, Senegdl). Agriculture and Développe
ment, No. 9, pp. 20-3C.

Perez, P, Albergel, J., Diatta M., Grouzis, M., Sene, M.,
1997. Rehabilitation of a semiarid ecosystem in Senegal.
|. Experiments at the hillside scale Agri. Ecol. Env.,
in press.

Rey niers. EN.. Forest, F., 1990. La pluie n'est pas le seul reméde 3
la sécheresse en Afrique. Les flux hydriques dans le systéme
sol .culturc-atmosphére en zone intertropicale.  Sécheresse. |
i1). 36-W.

Ro se, E., 1995. Introduction a la gestion conservatoire de | eau, de
la bromasse et de la fertilité des sols (GCES). Bull. Pedol. de la
FAC). No. 70. Roma, Italia, 420 pp.

Roose. B, Duguc, P., Rodriguez, L.. 1992. La GCES, une nouvelle
siraégie de lutte anti-Srosive appliquée @ I'aménagement de
terroir en zone soudano-sahélienne du Burkina Faso. Bois and
Foréts des Tropiques, No. 233. pp. 49-63.

Ruelle. 12, Sene, M., Juncker, E.. Diatta, M.. Perez, P. (Eds.), 1990.
Défense et restauration des sols. Coll. Fiches Techniques. vol.
1. No. 1, ISRA/UNIVAL, Dakar Senegal. 63 pp.

Serpentie, G.. Lamachere. JM.. 1990. Valorisation azricole des
eaux de ruissellement et lutte contre I'érosion sur champs
cultivés en mil en yone soudano-sahélienne. In: Kergreis, A..
Claude, J. (Eds), Utilisation rationnelle de 1"eau des petits
bassins versants en zone aride. Ed. AUPELF UREE John
Libbey Eurotext, Montrouge, France, pp. 275-286.

Sessay. MLE.. Stocking. M.A.. 1995. Soil productivity ¢nd fertility
maintenance of a dcgraded Oxisol in Sierra Leone. In: Ganry.
F.. Campbell, B. (Eds. . Sustainable land management in
African semi arid and subhumid regions, Proc. of the SCOPE
workshop. November 1093. Dakar. CIRAD-CA, Montpellier.
pp. 179-189.

Thebe. B.. 1987, Hydrodynamique dc quelques sols du Nord
Cameroun. Bassins versants de Mpuda. Contribution & {"éwde
des t1ansterls d"échelles. Doctora Thesis, USTL Montpellier-.
France. 306 pp.

Torri. D.. 1996. Slnpc. aspect and surface storage. In: Aga.\‘si. M
(Ed.), Soil Erosion. Conservation and Rehabilitation, Mascol
Dekker, New York. USA. pp 777107.

Van Duijn. HLW., Van Driel. W.E, Kabore, 0., 1994, Influence
des cordons pierreux sur la relation entre le bilan hydrique et le
rendement dans le bassin versant de Qualaga a Namsigua
t Burkina Fuse). In: Reyniers. FN.. Netoyo, L. (Eds.). Bilan
hy drique agricole ¢t sécheresse en Afrique tropicale. EJ. John
Libbey Eurotext. Pyris, Fran~c. pp. 275-288.




- p—__

Agriculture
Ecosystems &
Environment

Notes to ¢ontributors
Submission of manuscripts. Manuscripts should be submitted in triplicate to the Editorial Office of Agricufture. Ecosystems &

Environment, PO. Box 181, 1000 AD Amsterdam, The Netherlands.

Electronic mnnuscripts. Electronic manuscripts have the advantage that there is no need for the rekeying of t2xt. thereby
avoiding the possibility of introducing errors and resulting in reliable and fast delivery of proofs.

For the initial submission of manuscripts for consideration, hardcopies are sufficient. For the processing of accepted papers.
electronic versions are preferred. After final acceptance, your disk plus two final and exactly matching printed versions should
be submitted together. Double density (DD) or high density (HD) diskettes (3.5 or 5.25 inch) are acceptable. {t is important that
the file saved is in the native format of the wordprocessor program used. Label the disk with the name of the computer and
wordprocessing package used, your name, and the name of the file on the disk. Further information may be obtained from
the Publisher.

Authors in Japan please note: Upon request, Elsevier Science Japan will provide authors with a list of people who can check
and improve the English of their paper (before submission). Please contact our Tokyo office: Elsevier Science Japan, 1-9-15
Higashi-Azabu, Minato-ku, Tokyo 106-6044; Tel. (03)-5561-5032; Fax (03)-5561-5045

Enquiries c:oncerning manuscripts and proofs: questions arising after acceptance of the manuscript. especially mase relating
to proofs, should be directed to: Elsevier Science lreland Ltd., Bay 15K, Shannon Industrial Estate, Shannon, Co. Clan?, irelanc.
Tel. {+353) 61471944, Fax (+353) 61 472144,

Advertising information. Advertising orders and enquiries may be sent to: International: Elsevier Science, Advertising
Department, The Boulevard, L.angford Lane, Kidlington. Oxford QX5 1GB, UK, Tel. (+44)(O) 1865 843565; Fax |+44){0) 1865
843976. USA and Canada: Elsevier Science Inc., Mr. Tino DeCarlo, 655 Avenue of the Americas, New York, NY 10010-5107.
USA, Tel. (+1) (212) 633 3815; Fax {+1)(212) 633 3820. Japan: Elsevier Science Japan, Marketing Service, 1-9-15 Higashi-Azabu
Minato-ku, ‘Tokyo 106-0044, Japan, Tel. (+81)-3-5561-5033; Fax (+81}-3-5561-5047.

US mailing notice, Agriculture, Ecosystems & Environment (0167-8809) is published monthly by Elsevier Science BY
(Molenwerf 1, Postbus 211, 1000 AE, Amsterdam). Annual subscription price in the USA US$ 1327.00 (valid in North, Centrai
and Soutk America only), including air speed delivery. Second class postage paid at Jamaica, NY 11431

USA POSTMASTERS: Send address changes to, Agriculture, Ecosystems & Environment Publications Expediting, Inc., 200
Meacham Avenue, Elmont. NY 11003. AIRFREIGHT AND MAILING in the USA by Publication Expediting.

Agriculture, Ecusystems, & Environment has no page charges

For a full and complete Guide for Authors, please refer to
Agriculture; Ecosystems, & Environment, Vol. 67, No. 1, pp. 91-94.
The guide can also be found on the World Wide Web:
access under http://www.elsevier.ni or http://www.elsevier.com

Copyright i} 1998, Elsevier Science BV. All rights reserved 0169-8809/98/$19.00
(%) The paper used in this publication meets the requirements of ANSI/NISO Z39.48-1992 (Perman#ence of Paper).

Printed in The Netherlands.




NEW FROM ELSEVIER SCIENCE !

APPLIED SOIL ECOLOGY

A Section !of Agriculture, Ecosystems & Environment

For the Americas: C.A. Edwards, The Ohio State University, Dept. of Entomology,
103 Botany and Zoology Building, 1735 Neil Avenue, Columbus. OU 4321 ¢- 1220, USA
For the rest of the world: L. Brussaard, Agricultural University, Dept. of Plant Ecology & So't Buu 0gy,
Bornsesteeg 69, 6708 PD Wageningen, The Netheriands

AIMS AND SCOPE

Applied Soil Ecology addrebses
the role of soil organisms aﬁd
their interactions in relationito:
agricultural productivity,
nutrient cycling and other spil
processes, fhe maintenane of
soil structure and fertility, the
impact of human activities and
xenobiotics on soil ecosystems
and bio{techno)logical control
of soil-inhabiting pests,
diseases and weeds. Such
issues are the basis of
sustainable agricultural and
forestry systems and the
long-term conservation of smis
in both the temperate and
tropical regions.

The disciplines covered include
the following, and preferenée
will be given to articles whidh
are interdisciplinary and ‘
integrate two or more of these

disciplines.
« 80il microbiology and
microbial ecology

+ soil invertebrate zoology and
ecology

« root and rhizosphere ecolcbgy

- spil science

#80il biotechnology

‘. ecotoxicology

- nematology

« entomology

- plant pathology

» agronomy and sustainable
agriculture

« nutrient cycling

- ecosystem maodeiling ana
food webs

The journal will publish erigihal

papers, review articles qhoﬂp

communications, v:ewpo'nt.,,

editorials, book reviews and

announcements

Editors-in-Chief:

ﬁ ;IA? '( ‘;’;::\\
7

Editorial Advisory Board:
TH. Andereon, lnstitut fir Bodenbiologie,
Braunschweig, Germany, D. Atkinson,
School of Agricuture, Aberdeen, UK,

M.H. Beare. New Zealand Inst. for Crop and
Food Research, Christchurch, New Zealand,
C. Chenu, |NFA, Versailles, France.

E.T. Christensen, Research Centre
Foulum, Tiele, Denmark, D.C. Coleman,
University of Georgia, Athens, GA, USA.
B.M. Doube, CS/R0, Glen Osmond, SA,
Australia, DW. Freckman. Colorade State
Universily, Fort Collins, CO, USA,

S. Hansen, The Royal Veterinary and
Agricultural University, Frederiksberg,
Denmark, H.AJ. Hoilink, Ohio State

SCIENL,Em

University. Wocster, OH, USA, H.G. Juma,
University of Alberta, Edmontan, Alberta,
Canada, D. Krivolutsky, Moscow State
University, Russia, J N. L.add,CSIRO, Glen
Osmond, SA, Australia, P. Lavelle,
ORSTOM, Boncy, France, L%. Lynch
University cf Surrey, Guildiurd) UK,

J.C. Moore, University of Northem
Colorado, Greeiey, CO,USA, 1). Parkinson,
University of Calgary, Alberta, (Canada,

E.A. Paul, Michigan State Uriversity, East
Lansing, Mi, USA, K. Paustian, Colarado
State University, Fort Coffins, %O, USA.D.J.
Read, The University of Sheffipld, UK.

N. Sangina. lITA, lbadar, Nigéria,

M.C. Scholes, University of thi
Witwatersrand, WITS, Repubiit of South
Afica, R.J. Scholes, CSIf, P
Republic of South Africz, B.
Lund University, Sweden. B.

for Soil FemhtyR search, Harén, The
Netherlanas, N.M. wan Siraalen, Vrje
Universiter, Amsterdam, The Netherlards
and P.L. Woomer, UNESCO-TSEF,
Nairobs, Kenya

1994 SUBSCRIPTIONDATE
Volume 1 {in 4 issues)
Subscription pride:
Dit. 402.00 (US § 21706
incl. Postage !
ISSH 05291331 ]
1

Elsevier Science B.V,

P.O Box 211, 1000 AE Amsterdarr,
The Netherlands
Fax: (020} 5803-203 ‘
Customers in the USA snd Caradg
Elsevier Science Inc 1
P.O. Box 945, Madisen Square Station
New York, NY 10160-0757 USA

Fax: (212) 633 3680

Mon VAT (Value Added Tag) reqictered custamess in e B
Europesn Community show'd add the poropriate VAY rale «
applicable in heit country i the prices. The Dutch Guidor !
{OF ) prxcas quated are defnity s & aonly wurkimids, excepi s

Pe Amerxas (Norts, Soubh and Centa Aniercz, US Daller i
FUS 81 prices Quotad are vakd in o Are ¥ i




