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Olive groves in the Mediterranean Basin have often occupied marginal soil and hills, where
other crops proved to be unsustainable. Despite a recent trend towards intensive cultivation and new
plantations on better soils, many olive groves in Andalusia are rain-fed and located on steep slopes.
Limited research has shown that soil management in olive orchards has important effects on runoff
and soil losses. Due to its limited rainfall, traditional orchard management in the Mediterranean re-
gion is based on reduced tree density, canopy size control by pruning, and intensive weed control to
avoid competition for stored soil water. Alternative methods have been adopted by us including:
conventional tillage combined with olive leaves and conventional tillage with product of the two-step
olive oil will process (oil press remains). Two scenarios are remaining; adding 27 kg m™ of product of
the two-step olive oil will process and 23 kg m™ of olive leave separately. We have these manage-
ments three years ago. This effect of soil management on soil losses from olive plantations in south-
ern Spain were evaluated using the Revised Universal Soil Loss Equation (RUSLE). Our results
showed that conventional tillage caused the greatest soil loss, while using oil press remain the least. In
both scenarios (conventional tillage with olive leaves and product of the two-step olive oil will proc-
ess) the annual soil loss was reduced a 65 % and 90 % respectively.
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HCIIOJIB3OBAHUE OCTATKOB MACIJIA C LIEJIBIO YMEHBIIEHU A 5PO31U ITOYB
OJIMBKOBBIX CAJ1I0OB

Onuskossle pomy B Cpein3eMHOMOPBE, KaK IIPaBUIIO, PACIIONAralOTCs Ha TEPPUTOPHAIX, IIIE HE
MOTYT IIPOM3pacTaTh Apyrue KyiabTypbl. HecMOTps Ha TO 4TO 1OJ MHTEHCUBHOE KyJIBTUBHPOBAaHHE U
MOJIOJbIC IJIAHTALUU IPUHATO OTBOAUTH CaMblC JIy4IlUE MOYBBI, B AHJAyCUM MHOIME OJMBKOBBIC
POIIY MHUTAIOTCS AOXKIEM M PACIIONOKEHBI Ha KPYTHIX CKIoHaX. [IpoBeneHHbIE nCCIETOBAHHS TTOKa-
3aJIM, YTO yXOJ 32 TIOYBOH B OJMBKOBBIX Ca/laX 3HAYMTEIHHO BIUSET HA IIOBEPXHOCTHBIN CTOK BOJIBI U
CaMO COCTOSIHUE ITOYBBI. [3-3a HEOOIBIIOr0 KONMYECTBA OCAAKOB OCHOBHBIMH IIPUHIUIAMHU BBIPa-
muBaHus QPyKTOBBIX canoB B Cpenr3eMHOMOPCKON 00IacTH SBISETCS BBICAXKUBAHHE HEOOJIBIIOTO
KOJIMYECTBA JIEPEBLEB HA €IUHUILY IUIOIIAAU, KOHTPOIMPOBAHHE IUIOLIAAN KPOHBI (MoApe3as ee) u
TIOCTOSIHHOE NPOMNANIbIBAHUE COPHAKOB C LIENbI0 CHIDKEHUS] KOHKYPEHIUH 3a JOCTYMHYIO BoAy. buin
IPUMEHEHbI AJIbTEPHATUBHBIE METO/bI, TAKHE KaK TPaJAUIMOHHOE KYJIbTUBUPOBAHHE C IIPHMEHEHUEM
OJIUBKOBBIX JIMCThEB U KyJIbTHUBUPOBaHUE C NPUMEHEHUEM OCTATKOB Macja U3 MAaclOOTXKHMHOIO
npecca. PaccMaTpuBaIiCh 1Ba CleHapHs: To0aBieHue 27 KI/M”> OCTATOUHOTO MPOAYKTA B XO/E MOJTy-
YEHHS OJMBKOBOTO MAC/a U 100aBeHHe 23 KI/M’ ONMBKOBBIX JIHCThEB. JaHHbIC CLCHAPUH TIPHMEHS-
JUCh Ha OTACGNIBHBIX Y4acTKax Ha NpOTshkeHHH Tpex jer. CremeHb 3(PEKTUBHOCTH NPHMEHEHHMS
NOIOOHBIX METOIOB B 103KHOH Vcrianuu ObLT OIIEHEH C MOMOIIBI0 MOIU(UIPOBAHHOTO YHHBEPCAIb-
Horo ypasHeHus norepu nouBsl (RUSLE). Pe3ynbTaTsl mokasanu, 4To TpaJUIiOHHOE KyJIETHBHPO-
BaHHE IPHUBENO K HanOoJiee 3HAYNUTENFHOMY YXYAIICHHIO MOYBBI, B TO BpeMsl KaK HCIIOJIb30BaHUE
OCTAaTOYHOTO NMPOJYKTa MAaclIOOTKHMHOIO Ipecca — K HaMMeHbIeMy. B ofoux crneHapusx exerox-
HBIHA yIep0d Mo4BEl yMEHBIIMICS Ha 65 % Npu BO3JEIBIBAHIN 36MIIH C HCIIOIb30BAHUEM OJIMBKOBBIX
mucTbeB U Ha 90 % TpH BO3IENBIBAHUM 3€MIIH C HCIOIB30BaHHEM OCTATOYHOTO MPOAYKTA MAacIOOT-
JKAMa.

Kniouesvie cnosa: RUSLE, 3po3us nousswi, ynpaenenue, Kyismueuposanue.
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Spain has over two millions hectares dedicated to olive orchards (Civantos, 1999),
and about 75 % of the production is located in Andalusia. Limited research has shown that
soil management in olive orchards has important effects on runoff and soil losses (Pastor et
al., 1999; Raglione et al., 1999; Francia et al., 2000).

Soil erosion is a major environmental threat to the sustainability and productive ca-
pacity of agriculture. During the last 40 years, nearly one-third of the world’s arable land
has been lost by erosion and continues to be lost at a rate of more than 10 million hectares
per year (Pimentel et al., 1995).

Average rates for soil loss have been estimated at 17 t ha™ yr' in the United States
and Europe, and 30-40 t ha™ yr'1 in Asia, Africa and South America, mainly due to inade-
quate agricultural land use (Pimentel et al., 1995). The soils found in the Mediterranean
climate are highly variable, but do have in common properties that make them susceptible
to water erosion. These include low organic matter content, poor structure and weak aggre-
gate stability (Singer, 1991; Singer et al., 1996). These areas become vulnerable to erosion
because of decreased protection by vegetation cover in reducing effective rainfall intensity
at the ground surface (Faulkner, 1990), the reduction of infiltration rate due to compaction
from farm machinery (Fullen, 1985) and the formation of a soil surface crust (Morin &
Benyamini, 1977; Casenave & Valentin, 1992). These characteristics lead to surface sealing
during rainfall or irrigation, slow water infiltration, ponding and runoff with subsequent soil
erosion. Without a clear understanding of how sealing influences soil hydrology, it isn’t
possible to accurately predict soil erosion.

Soil erosion is a primary environmental concern for agricultural land in many parts of
southern Europe (Morgan, 1987; Arrue & Lopez, 1991; Lasanta et al., 2000; Lopez-Bellido &
Lépez-Bellido, 2001).

Erosion represents a serious hazard for land degradation and desertification in the
Mediterranean region, bringing about large reductions in vegetation growth, siltation of
water courses, filling of valleys and reservoirs, and the formation of deltas along coastal
areas. In most Mediterranean land, the rates of erosion have been influenced by man since
early prehistoric times (Inbar, 1992).

Therefore, study of soil erosion and sediment transport in an agricultural catchment’s
is essential for the protection of the environment and ecosystems (Jordan et al., 2005).

The limited information that exists does not allow evaluation of the impact of soil
management on soil losses across the diverse set of conditions that exist in the olive or-
chards of Andalusia (Gomez et al., 2003). Simulation models are useful tools for decision-
making in engineering and environmental planning (Engel et al., 1993). Erosion models are
either process-bassed or empirical (Morgan & Nearing 2000). While the potential of proc-
ess-based models is greater, their complexity means larger data requirements, potentially
greater problems of error propagation, and increased difficulty in understanding the way the
model simulates the erosion processes (Favis-Mortlock et al., 2001).

In the Iberian Albaladejo & Stocking (1989) found that USLE over-predicted soil
losses, although it predicted soil losses within the same order of magnitude of the observed
losses, for a soil with natural vegetation cover. Their use of only eight rainfall events is
clearly insufficient to validate a model designed to estimate long-term, average annual soil
losses.

The objective of the present work is to compare and evaluate the effect of soil man-
agement on soil loss in the olive orchards with traditional orchard management in the
Southern Spain, Mediterranean region, using olive leaves and product of the two-step olive
oil will process, using the empirical model RUSLE (Renard e al., 1997).

STUDY AREA

This study has been realized in Torredelcampo — Jaen, Southern Spain, (Figure 1) the
litologies are clays and loams Miocene. The topography is gently undulating. The majority
of the soils are Calcisols, after FAO classification (1998). The surface horizons are minor in
sand content (12.1 %), have comparable amounts of silt and clay (approximately 42 %).
Many zones of the exposed calcareous C horizon are evident in areas of steep slope, where
erosion has been the greatest. The Mediterranean aridic climate is characterized by cool
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winter (-5.2 °C) and hot summer (40.6 °C). The average annual rainfall is 646.3 mm dis-
tributed with interannual variability.

Figure 1. Sampling locality

METHODS

The experience was consisted to increasing oil press remainders (olive leaves and
product of the two-step olive oil will process) to olive orchard under conventional tillage, a
uniform tree spacing of 10 m x 10 m, and tree sizes (3 m height X 5 m in canopy diameter),
was analyzed the physical-chemical properties influence, and the impact of soil manage-
ment on soil losses in olive orchards. This experiences became three years ago, addicting
270 t ha™! of product of the two-step olive oil will process and 230 t ha™ of olive leaves.

The universal soil loss equation (USLE) was developed by Wischmeier and Smith
(1965) and modified by Renard et al. (1997). The USLE framework has been widely used
since original development in the 1960s to predict soil erosion in many parts of the world
(Risse et al., 1993; Renschler et al., 1999). The RUSLE is an adapted of the USLE with the
original equation for the USLE as the foundation for the revised version. The main differ-
ence between the two equations is the increased level of complexity in the RUSLE compu-
tation for individual factors and their combined interaction. RUSLE is an erosion model
designed to predict the long-time average annual soil loss, 4, carried by runoff from spe-
cific field slopes in specific crop and management systems, computed as:

A = RKLSCP @)
where 4 is the mean annual soil erosion rate (t ha™ yr™"), R the rainfall erosivity factor (MJ
mm ha” h™' yr'), K the soil erodibility factor (t ha h ha’ MJ"' mm™), L the slope length
factor, S the slope gradient factor, C the cover and management factor, P the supporting
conservation practices. The last four factors are dimensionless, with values that represent
ratios of loss from experimental plots 22.13 m in length with a uniform 9 % slope under
continuously clean-tilled fallow management (Wischmeier & Smith, 1965; Renard et al.,
1997). What follows is our assessment of those factors in equation 1 that would be affected
by soil management in olive orchards under our conditions.
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1. R factor

We used a daily rainfall record to Torredelcampo, Jaén (1963-2002) (Parras A, per-
sonal communication) to calculate rainfall erosivity (FMI) following the approach of Ar-
noldus (1978), the rainfall erosivity in Torredelcampo was calculated, since this index con-
siders the precipitation of every month (Arnoldus, 1978). The Fournier index (Equation 2)
and the other factor that consider only the rainiest month in the years are suitable for those
types of climate where only exists one maximum of precipitation and where the rain period
is short. Whence:

2
12

FMI=)" b @)

= pt
where FMI is the modified index of Fournier, p; is the monthly half precipitation, and p; is
the annual average rainfall. During that period, average annual rainfall was 646 mm, with a

maximum of 1198 mm and minimum of 372 mm.
The average annual R-value was 69 MJ mm ha™ h”', similar to estimate by ICONA

(1988) also for Torredelcampo, using a different regression approach (Correlation 0.95,
Renschler et al, 1999).

2. K factor

The soil erodibility was calculated using the following expression (Wischmeier &
Smith, 1978; Renard et al., 1997):
K=[(2.1 x 10* (12— OM)M""* + 3.25(S—2) + 2.5(P — 3)) / 7.59 x 100] 3)
where OM, is the soil organic matter content, M is ( %silt + %very fine sand) x (100
- %clay), S is soil structure code, and P is permeability class (Table 1). If soil organic mat-
ter content was greater or equal to 4 %, OM was considered constant at 4 %. Moreover, the
influence of rock fragments on soil loss was accounted for by a subsurface component in
the soil erodibility K factor (Renard et al., 1997). Goémez et al., (2003) in Cordoba, Anda-
lusia obtained similar values for K-factor.

3. Slope length factor (L)

Plot data used to derive the slope length factor (L) have shown that average erosion
for the slope length 4 (in ft) varies as:

L=(O\/72.6)" 4)
where 72.6 = the RUSLE unit plot length in ft and m = a variable slope-length exponent
(Wischmeier & Smith 1978). The slope length A is the horizontal projection, not distance
parallel to the soil surface. The slope-length exponent m is related to the ratio /5 of rill ero-
sion (caused by flow) to interrill erosion (principally caused by raindrop impact) by the
following equation (Foster et al., 1977):

m=p/(1+p) )

Values for the ratio £ of rill to interrill erosion for conditions when the soil is moder-

ately susceptible to both rill and interrill erosion were computed from (McCool et al., 1989)

B = (sin 0 /0.0896) / (3.0 (sin 0)™* + 0.56) (6)

where 0 = slope angle. Given a value for f, a value for the slope-length exponent m is cal-
culated from equation 5.

4. Slope steepness factor (S)
Soil loss increases more rapidly with slope steepness than it does with slope length.
The slope steepness factor (S) is evaluated from (McCool et al., 1987).
S=10.8sin0+0.03 s<9% @)
S=16.8sin6-0.50 s>9% ®)
where 6 is the slope angle, the equation 8, is based on the assumption that runoff is not a
function of slope steepness, which is strongly supported by experimental data for steepness
greater than about 9 %.
The extent of the effect of slope on runoff is highly variable on cultivated soils. Run-
off is assumed to be unaffected by slope steepness on rangelands not recently treated with
mechanical practices such as ripping.
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Mclsaac et al., (1987) examined soil-loss data from several experiments on disturbed
lands at slopes of up to 84 %. They recommended an equation of a form similar to that of
equations 7 and 8. Their coefficient of sin 6 was a range that encompassed equations 7 and
8. Thus these equations should also be valid for disturbed-land applications.

Equations 7 and &8 are not applicable to slopes shorter than 15 ft (5 m) (Renard et al., 1997).

5. C factor-Cropping and management factor

Like many of the RUSLE factors, C-factor values are based on the concept of devia-
tion from a standard plot under clean-tilled continuous fallow (Wischmeier & Smith, 1978;
Renard et al., 1997). The annual cover management factor was computed according to
Renard et al., (1997):

SLR =PLU x CC x SC x SR x SM 9
where SLR is the soil-loss ratio for the given conditions, PLU is the prior land-use sub-
factor, CC is the canopy-cover sub-factor, SC is the surface-cover sub-factor, SR is the
surface-roughness sub-factor, and SM is the soil-moisture sub-factor. All these factors are
dimensionless. For the calculation of the sub-factors, a uniform tree spacing of 10 m x10 m,
and 3 m height X 5 m in canopy diameter (Table 3).

5.1. Prior Land-Use sub-factor, PLU

The prior-land-use sub-factor (PLU) expresses the influence on soil erosion of subsur-
face residual effects from previous crops and the effect of previous tillage practices on soil
consolidation. The relationship is of the form (Renard et al., 1997):

PLU = C; x Cy X exp((-Cur X Bur) + (Cus X Bus / CF)) (10)
where PLU is the prior-land-use sub-factor (which ranges from 0 to 1), Cyis a surface-soil-
consolidation factor, C, represents the relative effectiveness of subsurface residue in con-
solidation, B,, is mass density of live and dead roots found in the upper inch of soil, B, is
mass density of incorporated surface residue in the upper inch of soil, ¢, represents the
impact of soil consolidation on the effectiveness of incorporated residue, and ¢, and c,,, are
calibration coefficients indicating the impacts of the subsurface residues. According to our
observations, the PLU sub-factor for the conventional tillage is 1.0, for the soil with oil
press remains this sub-factor was 0.951, and for the tree scenario using olive leaves this
valour was 0.5 (Table 3).

5.2. Canopy-Cover sub-factor, CC

The canopy-cover sub-factor expresses the effectiveness of vegetative canopy in re-
ducing the energy of rainfall striking the soil surface. Although most rainfall intercepted by
crop canopy eventually reaches the soil surface, it usually does so with much less energy
than does rainfall that strikes the ground without having been intercepted. The intercepted
raindrops fracture into smaller drops with less energy, or drip from leaf edges, or travel
down crop stems to the ground. The canopy-cover effect is given as:

CC=1-F,xexp(-0.1 x H) (11)
where CC is the canopy-cover sub-factor ranging from 0 to 1, F' is fraction of land surface
covered by canopy, and H is distance that raindrops fall after striking the canopy. The val-

our for the tree scenarios, was computed similar because the conditions are identical, this
sub-factor, is 1 (Table 3).

5.3. Surface-Cover sub-factor, SC

Surface cover affects erosion by reducing the transport capacity of runoff water, by ausing
deposition in ponded areas, and by decreasing the surface area susceptible to raindrop im-
pact. Surface cover includes crop residue, rocks, cryptogams, and other nonerodible mate-
rial that is in direct contact with the soil surface. The effect of surface cover on soil erosion
is given by:

SC =exp ((-b x S, x (0.24 / R,)*"% (12)
where SC is the surface-cover sub-factor, b is an empirical coefficient, S, is percentage of
land area covered by surface cover, and R is surface roughness. We used the parameters
recommended for Renard et al., (1997) for row crops, and a surface roughness value of
0.0127 m taken from Renard et al., (1997).
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5.4. Surface-Roughness sub-factor, SR

Surface roughness has been shown to directly affect soil erosion, and to indirectly af-
fect it through the impact on residue effectiveness. In either case, this is a function of the
surface's random roughness, which is defined as the standard deviation of the surface eleva-
tions when changes due to land slope or non-random tillage marks (such as dead furrows,
traffic marks, and disk marks) are removed from consideration. A rough surface has many
depressions and barriers. During a rainfall event, these trap water and sediment, causing
rough surfaces to erode at lower rates than do smooth surfaces under similar conditions.
Increasing the surface roughness decreases the transport capacity and runoff detachment by
reducing the flow velocity. The surface roughness sub-factor is then

SR = exp (-0.66 x (R, - 0.24)) (13)
5.5. Soil-Moisture sub-factor, SM

Following Renard et al., (1997), we used a soil moisture sub-factor to account for sea-
sonal variations in soil moisture content (0 = permanent wilting point, 1 = Field Capacity).

6. Support practice factor, P factor

The support practice factor (P) is the ratio of soil loss for a field under a support prac-
tice to the corresponding loss unit plot (Renard ef al., 1997). Support practices include
contour tillage, strip-cropping, use of terraces, and subsurface drainage. P factor values do
not take into account conservation tillage and other improved tillage practices considered in
the C factor contribution. The small size and inconsistent dimensions of individual fields
make these traditional conservation structures and support practices unworkable in Torre-
delcampo. For this study, the P factor applied to the area was 1.

RESTRICTIONS TO RUSLE MODEL

The RUSLE equation does not estimate deposition, sediment yield at downstream lo-
cations, ephemeral gully erosion, or provide information on sediment characteristic. The
erosion estimates using RUSLE represent soil loss by sheet and rill erosion only on portions
of the landscape where erosion, but not deposition (Renard et al., 1991).

A potential source of error in erosion estimated is the selection of factor values that
introduce parameter uncertainty (Risse et al., 1993). Both the C factor and the R factor
values used in the model reflect annual averages for land management contribution to ero-
sion and do not take into account different contributions to erosion of the various stages of
plant growth cycles.

It has been shown that the RUSLE and USLE tend to over predict soil loss on plots
with lower erosion rates and under predict soil loss on plots with higher erosion rates (Risse
et al., 1993; Nearing, 1998).

RESULTS

1. Analytical characteristics

The soil is a Calcisol (FAO, 1998) with traditional orchard management in Jaen,
Andalusia region (greatest olive grove of the world), in loam-limestone loam, the soil have
a highly content of clay and silt (Table 2), the permeability is moderately slow and structure
medium granular (Table 1), slow density (1.36 gr cm™), basic ph (8.4) slow nitrogen and
organic matter are the principal characteristics. Gil (2003) found similar soil in olive or-
chard in Cordoba, Andalusia.

The increasing of olive leave and product of the two-step olive oil will process to soil
cause alteration of the physical-chemical properties of soil, this alteration is greater in olive
leave soil, the principal modifications are the clay losses (45.5 % to 31 %), and improving
permeability, improving field capacity and available water reduced the effect on runoff and
soil losses.

2. Comparison of climate variability

The xeric regime Mediterranean is characterized by low precipitations and the great
variability of these. The calculation of the FMI (Equation 2), to calculate rainfall erosivity,
shows two different scenes.
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First from them it’s obtained considering the precipitation’s average values through-
out the series of data, in this case the value of R is 69 MJ mm ha™ h’.

The second scene, is made calculating the FMI for the rainiest year of the data series,
obtaining itself a value of R of 165 MJ mm ha™ h™'. This difference between values of R is
of 96 MJ mm ha™' h™', this is 139 % more, this implies that the analysis of 4 (t ha™ yr™)
(Equation 1, Graphic 7) will vary very significantly depending that the years are dry or
dunked.

3. Easing calculate LS components

The RUSLE manual equations (Equations 4, 5, 6, 7, 8) (Renard ef al., 1997), we can
verify that calculate is long and sometimes complicated.

The equations before described for lengths of 100 m with the different values from
slope (degrees), were calculated, in the following polynomial equation y = -0.0128x> +
1.2035x; r* = 0.9678 (Figure 2).

LS FACTOR
40
30
20 —L*S
10
‘ 04, ‘ ‘
-15 5 25 45
Degrees

Figure 2. Calculate LS factor

The application of this equation accelerates the calculation of LS factors, from the
values of the slope (S in degrees).

4. Analysis of different scenarios RKLS

The K calculated values (Equation 3, Table 1), indicate that the greater erodibility
takes place in the reference ground; the different management handlings in olive orchards
reduce the K values.

Adding 27 kg m™ with product of the two-step olive oil will process, the erodibility is
reduced 9.2 % (Table 1, Figure 3), remaining constant the permeability and becoming the
structure but fine, this reduction of K value to constant RLS will cause that RKLS is re-
duced 9.2 %.

RKLS FACTORS

RKLS
RKLSolive

leavec

-15

Degrees

Alpeorujo — product of the two-step olive oil will process.
Figure 3. Values to RKLS factors
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The second scenario, sample that to additing 23 kg m™ of olive leave to soil the erodi-
bility was reduced a 23.6 %, this addition improves the permeability and the structure sig-
nificantly, being reduced the percentage of clays, this reduction accelerates the soil’s water
incorporation, and therefore, its field capacity. As in the previous case, if RKLS studies
jointly, we can observe that indeed a reduction of the 23.6 % in absolute terms exists.

5. Comparison of different soil management practices

When RUSLE is applied to a particular soil, the R, K, L, S, of equation 1 become
fixed, and soil management effects are proportional to the different in the products of the C
and P factors. Applying equation 9 and its sub-indices (Equation 10, 11, 12, 13), we can
verify that the value maximum of cropping and management is the conventional tillage soil
(Table 3, Figure 4), being reduced east value in 62 % and 85 % in product of the two-step
olive oil will process and olive leaves respectively.

CP FACTORS
CPolive
leave :l
CPalpeoru
jo
CP |
0 0,2 0,4 0,6 0,8
Values

Figure 4. Values to CP factors

The main factors that take part in this reduction are the prior-land-use, the surface
cover, and de surface-roughness, being this last constant in both cases.

The principal factor that affect is mass density of incorporated surface residue in the
upper inch of soil.

P factor values do not take into account conservation tillage and other improved till-
age practices considered in the C factor contribution. The small size and inconsistent di-
mensions of individual fields make these traditional conservation structures and support
practices unworkable in Torredelcampo. For this study, a P factor of 1 was applied to the
area. None of the studies cited included de P factor in their analyses, assuming a value of 1
in all cases.

6. Evaluation of risks in olive orchards under different conditions of slope-
management

To illustrate affected the use of our parameterized RUSLE for evaluating erosion risks
in olive orchards three cases were analysed.

The first scenario (Conventional tillage), were estimated soil losses in different slope
conditions and 100 m long, typical olive orchards in hilly areas around Jaen. The Torredel-
campo soil used in the simulation is described in Table 1 and 2. The model predictions
shown in Figure 5, this result are similar that Moreira-Maduefio (1991) for Montoro, and
slow that the estimation realized for Gomez et. al., (2003) in Cordoba. Although, in both
cases are lightly slow. The soil losses values range to range between 0 t ha” yr'' and 46.6 t
ha™' yr', for slope between 0 — 45 degrees respectively.
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Figure 5. Soil Loss — convencional tillage

The second scenario illustrates the additing of product of the two-step olive oil will
process to soil, the conditions were similar to conventional tillage. The soil losses values
range between 0 t ha” yr' and 16 t ha” yr”', for slope between 0 — 45 degrees respectively
(Figure 6).
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Figure 6. Soil Loss- conventional tillage- alpeorujo

The third scenario show the additing of olive leaves to soil, in the similars soils condi-
tions. The soil losses values range between 0 t ha” yr' and 5 t ha” yr'!, for slope between
0 — 45 degrees respectively (Figure 7).
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Figure 7. Soil convencional tillage-olive leaves
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DISCUSSION

Olive groves addicted olive leaves and product of the two-step olive oil will process
affect to chemical-physical properties, being very important to studying on soil loss in olive
orchards. The consequence of this is the organic mater highly, the soils in the Mediterra-
nean climate have a low organic matter content, poor structure and weak aggregate stability
(Singer, 1991; Singer & Bissonnais 1996), the permeability is the best, low clay, every this
make to low density, increasing the permeability to soil (Table 2), this analysis is similar to
Gil (2003) and Moreira-Maduefio (2001).

The impact of soil management doing highly permeability (Table 1), and low erodi-
bility, can be 89 % low, in hills. The R-factor in the study area is 69 MJ mm ha™ h”', can be
165 MJ mm ha™' h' every years, when intensive rain, this effect cause a 220 % soil loss
more, we can evaluated the impact of R values on soil loss in olive orchard (Figure 8).
According to RUSLE manual (Renard, 1997), S-factor, have been made with more and less
9 % slope (Equation 7, 8). This quantification isn’t lineal and it is long and sometimes
complicated, we have calculated polynomial estimation (Figure 2), with R* = 0.9678, for
100 meters lengths (frequently in Mediterranean areas).
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Figure 8. Soil convencional tillage- Rmax

With regard to the C-factor, values were reduced with addicted to oil leaves and prod-
uct of the two-step olive oil will process, due to organic matter principally. All respect P-
factor values do not take into account conservation tillage and other improved tillage prac-
tices considered in the C factor contribution. The small size and inconsistent dimensions of
individual fields make these traditional conservation structures and support practices un-
workable in Torredelcampo.

The impact of soil management in olive orchard with oil press remain is good, be-
cause limited the effect on runoff and soil losses.

CONCLUSION

The scarcity of experimental results on the rate of soil losses in olive orchard as af-
fected by soil management have led us adopt the RUSLE model for evaluating the impact
of various soil management methods on erosion in olive orchard. We conclude that addict
oil press remain to be a good effective method for erosion control. The on-going studies
should include an evaluation of the effects of soil management on soil conditions, with are
not considered by the RUSLE, to improve our understanding of the system and to predict
its change with time.

Our study offers the possibility of simulating the whole range of soil management
techniques used in southern Spain to make a systematic comparison, so that future research
is focused on issues relevant to the management methods that are most promising.
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