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SOIL EROSION MEASUREMENT USING FALLOUT CESIUM 137
TECHNIQUE IN SIDI SALAH BASIN
(EASTERN CENTRAL TUNISIA)

Azaiez Naiméa

Abstract

According to FAO, Tunisia is classified among the countries worst hit by different
processes of soil degradation, particularly the samdi domain, making the example

of an ecosystem with increased steppization. Climatic deterioration and inadequate
reckless human intervention have led to a deterioration of edaphic factors accompanied
by a progressive invasion by steppe facies at the expense of a previously dense and
stable forest. This change in landscape has exposed the domain to a severe erosive
manifesation and has attracted the attention of many researchers on the problem of
water erosion which has been weighing heavily on rural communities for decades.
Efforts aimed at estimating soil losses have been made worldwide to choose adequate
ways of intervation and deal with this significant degradation. Different empirical
models have been established, tested and compared to have a quantitative estimation
of this degradationTiamura, 1964Rogowski and Tamura, 1970 a andlachanoski

et al, 1984, 1987 ah 1993;Mabit et al, 1999, 2002, 2008 and 201@pukhchane,

2008; Felah 2010Azaiez 2016 and 202@ndAkwasi et al, 202Q. In this context, it

was proposed to quantify soil losses in a test watershed through the Cesium 137
met hod known for its preferential absorp
sensitivity to mechanical erosion. To do this, a representataresdct has been
selected in a small basin of 2.3%im area, that of wadi Sidi Salah located on the semi

arid margins of the Eastern teBeven samples have been taken along the transect
oriented by the soil loss map issued from the application of tHeEUSuation,
allowing to integrate as many compartments subject to various erosive factors and
processes as possible. The results of the modeling of soil loss thro@gsthm 137
technique have shown a significant specific loss of 32.5 t / ha / yeanbuwthich is
variable between the different compartments of the basin.
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1. Introduction

Because of its predisposition and adaptation to-teng erosion studie§esium 137

was used in the quantitative inventory of water erosion to establish a spatial mapping
of soil losses at world scale. The Cesium 137 is an artificial radioactive isotope
resulting from the fission of Uranium 235 and Urani@B8 with a halflife of 30.4

years. This byproduct has been released into the stratosphere since the 1950s, then
redistributedoy clouds and carried to the edstlsurface by precipitation.

This method has been in application since 1960gadused not oy to obtain the net

value of soil los$ut also to evaluatihe sedimenbalance (erosion and deposition) at
various scales ranging from plots to catchment scales. Between suspicion and
acceptance dhe Cesiunil37 assumptiorby the researchommunity, ths technique

has been carried out on experimental plots and small watersheds toteasu@iracy
andthe consistencin the application of the isotopic techniquesvamious scales. The

first attempts to us€esium 1371n erosion study were started iretmid-1960s, with
Yamagata, Rogowski and Tamura amaomase who found
acloserelationshipbetween soil loss andesium 137ctivity decrease, but afew
months scale, becausetbé mostecentdeposition datef the Cesium 137 elements
(Yamagata et al., 1963 Tamura, 1964, Tamura and Rogowski, 1965 and 1970).

The Radio-Cesium 137 displacement by runoff and mechanical proaessosion,

was later confirmed and compared to the empiric moddbyngther researchers
specifically relating toesearch results presented by Ritchie and McHd@y4and

1977, Walling and Quindl990, Navas and Willindl992, Wicherek1993 and Felgh

2010. The samappliesto specifying the emitting sectors of sediments in order to
evaluate theilting up of dams and for dating deposited sediments anck atems
against fast sedimentation (Sogd®99 Zhang et al 2015). With regardto the
Cesium 137 behavior with soil element, s studies were devoted to specifying the
cation exchange capacity clay element irsoils such as illite, smectite and
vermiculite which have higher affinity to Cesium 1¥igzaw, 2009;Grzegorz, 2006

Mabit et al., 201&nd Staunton and Roubaud, 1297

The Cesium 137fallout has been significantly more important in the northern
hemisphere precisely around latitude 45° nortthan in the southern hemispheigs

to the greatest flux of Cesium 137 since 1954 (Walling and Quine, 4880993;
Moukhchane et gl 1998 Moukhchane, 200& apata, 2002; Zhang et.22015 and

Ni et al, 2017).

Its effects are still being perceived evemlay in centraleast TunisiaConsidering
research orCesium 137on a world scale, it can be noted that several models were
developed foquantitative erosion at medium and letegm measures. Ehisotopic
method of Cesium 13has been applied to regions suffgrimainly from severe
degradation under extreme climatic conditions and which are
limited andinadequatdor empirical modeling. Thes€esium 137sotope tracers are

a very interesting alternative capable of overcoming some of the difficulties that have
acompanied previous empirical and experimental methods that required a huge
amount of work and continuous monitoring on the ground.

These radioactive isotopes are of paramount importance as their introduction into the
soil coincides with the majarhanges in the rural landscape and natural vegetation
cover over the last five decadesTunisiasteppe which have been marked by the
emergence of new agricultural structures increasingly based on mechanization, mono
cropping and unsuitable tillage metisgAttia, 1977 Hamza 1988 and Azaiez, 20)6
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In particular, the use of the polydisc tractor caused the radioactive elements to be
dragged deep, thus allowing their leaching with the clay fra¢itiang, 1999 and
Zhang et al 2015) However, emphasisustbelaid onthe circumstances wheitas
appropriateo applythe isotopic method, that is notescribedo beroutinelyusedin

such cases by rof@&ogowski et Tamura, 197@hang, 1999Grzegorz, 2006 and
Fulajtar et al, 2017)

Once theequirementsetoutabove referring tothe isotopic methadwvere fulfilled

in central easterifunisia, it was possible tasethis method talevelop new insights

on the ongoing erosion and sediment displacement in-aedsteppe in Tunisia, in
particular in the watershed of Sidi Salah, a catchment area with a pastoral function.
Considering the daomes on the studies wi@esium 137it appearghat most of the
optimum adsorption ofesium 137 occurs on the surface of the soiligdiffusion

in depthbecomes increasingly difficultts vertical displacement in soil horizons by
infiltration is limited. But the samplesnalysed irthe EasernCentral part of Tunisia
haveshown that fields which are deeply plowed contain a higher concentration of
Cesium 137 to a depth oD2nd25 cm. But this radioactive element was completely
expunged betwee?b and 35 cm of depth.

The aim of this work is to propose a quantitative estimate of soil losses and to highlight
the different factors that are at the origin of the erosive effect not only by their
statistical weight but also by their causality relatiopgkvalling and Quine, 199and

1993; Moukhchane et .al1998 Zapata, 2002; Mabit et,a2002; Felah 2010; Ben
Mansour et aJ 2000 and 201ZFoumi, 2013 Zhang et al 2015 and Azaig2016).

Based on this isotope technique, a preferential transectupsineam to downstream

was chosen for sampling. This work does not attempt to provide a comprehensive and
exhaustive quantitative study, but rather a consistent interpretation of the erosion event
itself as well as its trends, depending on land use amgligsical environmental
characteristics responsible for sediment transport along the slopes.

2. Study Area

The watershed of wadi Sidi Salah, a tributary of wadi Saadine, extends over the semi
arid margins of the eastern Tell which hallediterranean climate with contrasting
seasons. It drains an area of 2.3%lohthe eastern slopes of the Ejhaf, Diour and
Fartout mountains (Figure 1).
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Figure 1:Location map of the study area

With altitudes ranging from 185 m to 452 m, this watershed has an average slope of
18° and can reach 43° on the middle slopes and, to a lesser extent, on theestath
slopes.

The steepness of the slope in the middle part of the watershed, prenisietyaniges

of the glacis, is explained by the vicissitude of the glacis, which are partially covered
by consolidated debriresch, 1957)Generally speaking, it consists of an aerated
and spaced landscape of lomorphostructuratliversity (Figure 2). Aded to this is

the instability of the glacis edge caused by the effects of breaking up the crust that is
followed by farmers to exploit the underlying fitextured soil layer.

Currently, these glacisn the middle strearare in the form of intensely dismtled

and dissected strips overlying a clay layer that is unstable due to the predominance of
clay elements of the smectite, vermiculite and illite tygosceptibléo erosion process
(Figure 3 (Jamoussi, 2001Full of gypsum elementshése clays havieigh swelling
andshrinking propertiesThe gypsundissolutioncreates an internal cavity of different

size, which disturliheslope stability, especially on threiddlereache®f thewater

course of Sidi Salah.
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Figure 2: Slope map of wadi Sidi Salah basBource:Obtained from th®&©EM
developednthebasisof thetopographic map of Zaghouan at 1/25000

All these conditiongavoreda rapid return of water erosion, which accelerated with
the proliferation of intense and variable rainfall combined with a contrasting lithology
marked by alternating maclayeylimestone upstream and claysgndstone
downstream(Hamza, 1988; Avenard995; Roose, 2004; Toun#013 Azaiez 2016

and 202(and Azaiezt al, 2020

The surface formations are seriously affected by various forms of water erosion and
prove that this watershed is widely disposed to the agents of morphogenesis, given the
predominance of siltglay and sandgilt textured soils that are sensitive to the
processes of mechanical erosion and the effects of hypodermic flow. These types of
soils represent 40% of its total surface area (Figuréhse resultselated to the sbi
texture were obtained hyarticle sizeanalysis and thsandequivalent tesbased on
theFrenchstandards already establishedAFNOR (AFNOR, 1993 and 1998and

the observations of thdigital Soil Map of the governorate of Zaghouan, 2003
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Figure 3: Type of soil,soil texture and clay elements map of the study.area
Source:This mapwasproducedn the basis of theesults of particle size analysis
mineralogicakinalysesand thedigital agricultural map of Zaghouan, 2003

X-ray diffractograms specific to the samples taken from soils withdaty and silty

sandy textures as well as geotechnical tests show an enrichment in clay minerals of the
illit e and smectite type that are very favorable not only for swelling and shrinking but
also for mechanical shear due to their low plasticity and low consis{&igzaw,
2009)(Figure 3).

However, these processes are subject to the unpredictability ofrttade;lespecially

the highly variable and aggressive autumn rains and the associated environmental
problems (Abdelkhalek, 20GhdAzaiez, 2018

The effects of water erosion seriously affect the quantity and quality of soil and plant
resources and call into question the problem of the longevity of equipment and
hydraulic developments located downstream related to the enrichment of sensitive clay
minerals (Figure 3)lt is worth highlightingthat the majority of these erodible soils

are located on very steep slopes that generally correspond to the Erosion talus of the
intensely dismantled glacis. Thus, the soils enriched in smectite and illitecatedo

in the middle course of the wadi Sidi Salah, beyond two banks of the main watercourse.
Anthropic pressure and climatic deterioration have given rise to a phenomenon of
dematorralisation of the steppe forests marked by an inevitable expansion of the
chamephyte and therophyte species on some slopes at the expense of an open garrigue
because of the discontinuity of the soils on the one hand and the selective migration of
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the finefraction byselective erosion on the other haAdtiq, 1977;Le Houérou, 295

and Tassin, 2012). There has been a progressive degradation of the old plant
associations that were able to fight against climatic aggressions.

Thus, an erosive manifestation began in response to the differergydgpagpastoral

uses that have takaver for several decades (Attia, 1977). Currently, the plant cover

is essentially made up of a young secondary resinous forest, also known as anthropic,
which has replaced the primitive forestttfa, 1977;Le Houérou, 199%nd Azaiez,

2016. On the exposislopes, a scrubland of mastic grass, Aleppo pine and rosemary,
which have a great colonizing power on mdnhgestone substrata, has gained ground

(Le Houérou, 1995) (Photol and Figure 4).
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Figure 4:Land use map of Sidi Salah bassource: This map wagoducedon the
basis of thaligital agricultural map of Zaghouan, 2003 and Google Earth Pro Image
2019
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Photo 1:Matorral of Aleppo pine and rosemary in the upper stream of wadi Sidi
Salah basinKhotograptiakenin 2015)

The clearings that were established during the colonial period following land clearing
for cultivation are now occupied by open bushy plant formations. These plant forms
evolve rapidly into scrubland in the northern combe clearings in this watershed. On
the middleslopes, however, these plant forms find it difficult to develop not only
because of erosion facilitated by low density and overgrazing, but also becthese of
proximity to the large village community.

However, it is necessary to emphasize ittieractions between the climate and the
plant cover, which are exerted on a largely undeveloped soil corfpEmparison
between differenpartsof Sidi Salah basin, shows a strong sensitivity of the western
slopes of the middle and tife downstream (#to 2 and Figure 5). This indicates that
erosion is very active andwareon soils with fragile texture subjected to strong human
pressure and rainfall amount whilst the low sensibility areas are dominated by forest
and plant cover on a gentle slopehe tipper stream (FiguEs.
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Photo 2:Soil erosion inthe middle course of wadi si8ialah Picture taken ir2015)

The water erosion sensitivity map is the product of the superpositifouiolayers
involving several factorsThey are:the permeability index obtained from the soil
texture triangle, the slope mpmduced byhe DEM on Arc GIS, the vegetation cover
index obtainedfrom the USLE equatigrandthe map of the hydrographic density
calculated by each type of soil texture. From this combination, it seems clear that the
sectors most prone to water erosion are the least permeébley silty soil), the
steepestthose thathave the highest hydrogric density and the least dense
vegetation cover. This is a very favorable situation for the formation of rdnefto
infiltration relativelylow (Figure 5).
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Figure 5: Erosion sensibility in the wadi Sidi Salah BassourceThis map was
producedon the basis of theigital agricultural map of Zaghouan, 2003 and Google
Earth Pro Image2019

3. Method and Tools of Transect Sampling

Sampling was carried out using a 6 cm diameter PVC tube to a depth of 25 cm, which
represents the average thickness of the tillage layer in this area. The quantities
collected were largely sufficient for isotopic, mineralogical and granulometric
analyses.These last two analyses will be of greater use in explaining the erosive
manifestation from the point of view of rhythm and distribution.

The Cesiuml37 technique is a universal method, applicable in different climatic,
lithologic and topographic contexfglc Henry, 1985Walling andQuine, 1990; Felah,

2010 andBen Mansour et 312000and2012). Its widespread use around the world is
explained by the absence of factors that would limiggplication especially in the
northern hensptere. Its widespread use around the world is explained by the absence

of factors that would limit its application, especially in the northern hemisphere
because of the Cesium 137 abundance due to fallout from atmospheric nuclear tests
conducted since 1950 in the g

Although this approach is widely validated the Mediterranean environment, its
success, however, remains dependent on the way it is applied because some watersheds
are suited to sampling by metric grid because of the high heterogeneity of the
lands@pe controversial topography, dissected orography and aggressive rainfall
while others are suited to division into homogeneous units, when similar landscape
units are scattered over several sectors. Whereas for other elongated watersheds where
the unitsare arranged one after the other, a representative transect had to be followed.
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In the case of the watershed of the Sidi Salah wadi, the sampling was guided by two
major facts.

Firstly, the results of the soil loss map resulting from the application df 8id=
equation, which served as a reference, and also by the elongated shape of the
watershed. The units are more homogeneous transversally and less and less
homogeneous longitudinally.

The selected transect, oriented north west south east, delicatedyvsfothe
arrangement of the morphostructural units and the different plant associations
accompanying each surface formation. This transect passes through as many
compartments as possible that have almost similar lithologic, topographic and human
conditions.

Seven samples were taken from upstream to downstream on either side of the
mainstreamUsing a 6 cm diameter PVC tube, soil samples were taken from a depth
of 25 cm because the soils are not very evolved and the regosols are not very deep.
(Figure 6). This feature affected the choice of the suitable depth to carry out the
sampling process as, at greater depths, steeper slopes mayGekibin 137 fixation
becaus®f theclay-humic compounaf the soil.

Only in the hillside reservoir the sampling was carnetover a depth of 35 cm as it
constitutes the reception area for almost all the sediments coming from different
compartments of the watershed, except forrsedts that are trapped against obstacles
within the watershed.

Sample 1 was taken in a stable reference section of aostatxl forest that is very

little subject to human activity. Sample 7 was taken from the hill reservoir located
downstream of the watercourse before reaching Wadi Saadine. The rest of the samples
were taken in areas subject to the effects of surface water erosion to varying degrees.
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Figure 6: Map of the soil sampling locations in Sidi Salah basin
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The map of homogeneous units was then used in the generalization of the results of
Cesium137 activity in the norsampled compartments. After applying the sediment
drying protocol in the open air and then in the oven and after cleaning and removal of
volatile organic matter, the fine fraction (less than 0.2 mm) was separated using a
sieve.

Measurerents of Cesium 137were carried out on the whole core after its
homogenisation. A sequential division of each core was not carried out due to the very
high cost of isotope analysis, as this research was not undertaken as part of a funded
project. The priniple consists in studying the redistribution@&sium137 which is

closely related to the movement of soil particles by physical and mechanical processes
compared to a reference site whose fallout has remained stable since its adsorption by
fine soil particles (Felah, 2010; Ben Mansour et28112; Toumi, 2013). Byantrast,

at the accumulation sites ti@esium 137content was significantly higher than the
baseline value at the reference site (Ritchie.e1890; Zapata, 2002 and Felah, 2010).

4. Distribution of Cesium 137activity: analysis and interpretation

The variation in Cesium 137 activity in different parts of the watershed can be
interpreted either in terms of reduction or enrichment compared to a reference site. An
erosive phase occurs if Cesium 137 activity is reduced in some slopes compared to the
reference site. Sedimentation occurs if other areas are enriched in Cesium 137
radioactive elements, particularly in the deposition areas such esmex banks of
meanders, slope breaks, the embankments of contour benches and the hillside
reservoirs (Wallingand Quine 199@nd1993; Zapata, 20Q0Felah 2010andAzaiez,

2016).

To get thecorrectspatial distributiorof cesium activity in the Sidi Salah basihwas
necessary to applthe Kriging methodas an interpolation moddétom thetoolbar

spatial analystools under Arc Gisprogram The Kriging interpolation was well
advised to be theptimal methodin statisticaterms, of interpolation and extrapolation

of the Cesium 137activity (Figure 7) It allowsto make arunlimited interpolation
between different valuegsy taking into account data, their spatial position i
relativedistancerom thetarget It also allows the definition of thepatial correlation

while smoothing the real variabilignd making ipossilte to calculae the estimation

error (Gratton, 2002
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Figure 7: TheCesium 137 activity in the Sidi Salah bassource:This map was
producedn the basis of theesults of isotopic analysis, 2018ational Center for
Nuclear sciences ariechnologiesTunisia

In the Sidi Salah wadi watershedesium 137activity decreases considerably from
upstream to downstrearexcept in thehillside reservoirin the basin outlet, where
sedimentation prevails over any erosion process.aldtigity reaches its lowest values

on the midslope, especially on the long and steep slopes (Figure 7). This significant
reduction in radioactive elements is explained by mechanical processes related to
diffuse runoff and the opening of the gullies, whaaused a selective migration of the
fine fraction of the soil in which the isotopes@ésium 137are adsorbed.

All the elements stripped and carried along the slopes are trapped in the form of
deposition pockets at the convex meanders and slope biegisof these isotopes

that are detached by mechanical processes are decanted in the hillside reservoir of the
wadi of Sidi Salah. However, it should be pointed out that the reduct@esidm 137
activity is also linked to the specific characteristitthe Cesium 137sotope.

This latter systematically loses almost half of its activity over thirty years. Another
finding proved by the team of researchers at INRA Montpellier confirms that the
reduction ofCesium 13#&hrough its circulation via plants vgeakened in soils with a

very low organic matter content in clay minerals. In fact, a compensation can be
generated by the current additional inputs from nuclear reactor emigSulteset al,

2005)

Another finding proved by the same research team from INRA in Montpellier confirms
that only plants with a superficial root system are capable of absorbing these
radioactive elements, sin@% of theCesium137 is concentrated in the first 10
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centimeterf the tillage layerColle et al, 2005;SoniaMohamedet al., 2018 and
Akwasi Dwira Mensah et gl2020. Contrary to this situation, chamephytic and
therophytic plants generally have a deeper root system and the@dsnem 137
remains accessible only to the surface layer, in other words the roots close to the
surface (Tassin, 2012).

All these arguments anexplanationsmust be taken into consideration when
interpreting the variation i€esium 137activity between the different areas of the
watershed and to subsequently qualify the land losses obtained from the modeling.
However,Cesium 137activity is quite considerable in improved rangelands, dense
scrub and garrigue consisting of young pine, juniper, lentisk and rosemary.

This finding is confirmed by other researchers who have emphasized the role of
matorraltype vegetation cover in sidiantly reducing water erosion (Rogowski and
Tamura, 1970 a and b; Ben Mansour et28100and2012; Zapata, 2002; Fela2010

and Azaiez, 2016)In the case of this watershed, the diffuse flow presents a harmful
action, solicited by a matrix texturepsgrated by twalimensional interfoliar spaces

that favour the reopening of miecehear planes, especially during the heavy and
continuous autumn rains that occur after a long dry, hot season (Yigzaw, 2009).

5. Modeling of soil loss

To convert theCesium 137activity into soil losses, two models were applied to
perform the calculations. The proportional model and the Mass Balance 2 model. The
proportional model was applied for cultivated watersheds. (Kachanoski, 1993; Zapata,
2002 andrelah 2010). It is expressed &slows:

Y=p® — [1]
With
Y: the soil loss (t/ ha / year),
B: the soil density of the fine fraction <0.2mm (kdjm
d: the depth of the plowing layer (m),
X: the percentage enrichment or reduction of the activiyesium137andrelatively
expressed to theference:

= —— 100
With
T: the number of years since 1963 (reference date for the start of maesiuen 137
emissions)

Aref: specific activity inCesium 137Bq / n¥) of the reference site
A: specific activity inCesium 13f the sample from a degraded site.

While the Mass balance 2 model has been applied to uncultivated settamgly
subjected to the action of peasant society through cultivation, grazing, transformation
of agricultural techniques and land use change. It is exprestatbas:

Y=— o — 2]
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With

P. a corrective index linked to the selective start of the fine fraction (of the order of
0.93)

t: number of years between the departure date and the date of the sample (Zapata, 2002;
Felah 2010 and Azaiez, 2016)

A first comparison between the map of @esil37 activity and that of soil losses
resulting from the interpolatioby Kriging model in spatial analyst toplshows a
relation of proportionality between soil loss and quantity of Cesium 137 removed from
the soil.

The amount of eroded soil is directly proportional to the redistribution of Cesium 137
activity. The sectors enriched in cesium are the sectors of accumulation while those
which have recorded a decreas€&siuml37are the degraded sectors (Fig8ye
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Figure 8: Soil loss in the Sidi Salah basin based on krigimerpolationmethod
Source: Results of isotopic analysis, 204&tional Center for Nuclear sciences and
TechnologiesTunisia

6. Discussion and recommendations

The spatialized modeling of soil losses resulting from the isotope method shows a
concentration of degraded land in the center of the watershed, in other words, the areas
where the greatest anthropogenic pressure has been exerted. This proves that the
erosve manifestation clearly takes on both human and natural dimensions. The human
dimension appears in the confirmation of the steppe character of the study area as a
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result of the combined effect of climate deterioration and the behaviour of the various
sucessive farming communities. During the colonial period and in the decades that
followed, they resorted to land clearing, mestopping and extensive grazing. These
local conditions have made the watershed a very sensitive area to water erosion, as
farmersdo not even respect mulching in fallow land as a way of soil management
because of the high pastoral load. The natural dimension is reflected in the matrix
structure of the clay fraction of the soils, which is not very consistent, and the micro
aerated teture, which frequently creates a vacuum in the arable layer. This problem
concerns the soils that are above the clayeyly outcrops of the middle course of the
wadi Sidi Salah and are in fact the most degraded areas. The specific loss in soils with
a slty-clay texture exceeds 45.5 t/ha/year on the left bank of the wadi Sidi Salah.
(Figures 8 and 9. The Ministry of Agriculture described it @® alarming situation

Based on the results of the pilot basins, the Ministry has set the value of 4Q/eaha /

as a tolerance value for soil erosion in Tuni$tae rate of soil loss sidi Salah basin

is considered as ora the strongest compared witther basin localized not far from

our study aredqTable ). The modelling results in the next table dam usedas a
guideline to identify soil erosion tolerance according to engdiaad experimental
modesk.

Watershed . i
names Specific soil loss(t/ha/year) M odel
El Mssine 34 USLE
Jannet 26 KINEROS modebnd USLE
Chaddad 39 USLE (adjusted)
USLE, RUSLE, MUSLE ad
El Ogla 30 FAQ
325 Cesium 137
Sidi Salah
39.8 USLE

Tablel: Theaverageaates of soil loss in a febasingn order to defingolerable soil
erosion values central easterfunisia

The erosion speeded up considerably unteasing pressure from deforestation in

the upper stream and the compaction of the soil resulting from inappropriate
agricultural practices going agairtsie equitable use of soil and water in semd
region.These facts are at the origin of the appeee of suffosion holes in agricultural

plots, degraded pastures and grazed fallow land. On the calcareous back slopes and the
open combe in mariimestone outcrops, the soil loss nevertheless remains much
lower than the specific loss of the watershe2i§¥ha/year). The establishment of a
sediment budget must be taken with caution. Because only a part of the detached
elements is carried downstream while a good part of these sediments remains trapped
within the watershed in the form of small lobes in he convex meanders or in the

form of pockets fixed by riparian vegetation that develops in tufts.
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Figure 9: Map of relationship between soil loss and soil texture in the Sidi Salah
basin Source: Results of isotopic analysis, 2048tional Center for Nuclear
sciences and Technologjdsinisia,particle size analysis and the agricultural map of
Zaghouan, 2003

The advantage of this technique compared to those previously developed is that it has
helped to obtain an overall budget for the movement of soil partiSegeral
reproaches can be made about the modeling via the isotope method of Cesium 137
applied in he watershed of the Sidi Salah wadi.

Firstly, it only provides an estimate of lotgrm (40 years) soil losses, but on a
seasonal scale, it does have a number of deficiencies. The erosive manifestation differs
from one season to another and even from aigall to another. Also, the limited
number of samples taken (Felah, 2010 and Azaiez, 204 al, 2017).Indeed, with
exhaustive sampling the results could have been better and more accurate, but not
radically different from the results obtained. These results would probably have shown
caution if a sequential analysis of each sample had been chosen instead of simply
calcdating a simple average of th@esium 137activity over the entire corélhe
highestaccuracy ofrosion rate wasbtained at scale afifferentcores collected on
representativesites selected between the upper and the outlet ddsmever,the
resultsremainthe lowestat the catchment scale becaus@&®o$patial variabilityand
heterogeneitybetweenall basin units.The Cesium 137 method requires a careful
modelling because itannotbe used automatically everywhere under all fooh
erosion. Itis not the appropriate method for secpwone to gully erosion with varying
degrees ofigor.
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