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Abstract

The use of olive mill wastewater (OMW) by agricultural spreading constitutes an
alternative among the solutions proposed. The experiment was carried out in Sidi
Bou Ali (Tunisia), with three treatments, Ty, T; (25 m’/ha) and T, (50 m’/ha)
during four months. By means the physical capillary model for porous media, pF
curves were established and the effects of OMW on the soil physical characteristics
were studied. It was concluded that the OMW, for the two applied doses, induced a
decrease in water retention for all tensions. An increase in saturated state hydraulic
conductivity was obtained in a more pronounced manner in the case of topsoil for
all dates. These results confirm the migration process of OMW from the topsoil to
the underlying horizon. Such soil modifications are already required in order to
establish a mulch on the soil surface so as to reduce the evaporation water losses.
Key words: olive mill wastewater (OMW); spreading; physical impacts; water
retention

Résumé

L’épandage agricole des margines constitue une alternative parmi les solutions
permettant de les valoriser. L'expérimentation a été réalisée a Sidi Bou Ali
(Tunisie), avec trois traitements, T, (Controle) T; (25 m’/ha) et T, (50 m’/ha)
pendant quatre mois. Par 1’application du modé¢le capillaire physique du milieu
poreux, des courbes de pF ont été établies et les effets des margines sur les
caractéristiques physiques du sol ont été étudiés. 1l a été conclu que les margines
ont induit une diminution de la rétention d'eau a toutes les teneurs. Une
augmentation de la conductivité hydraulique saturée a été obtenue d'une maniére
plus prononcée dans le cas de la couche arable pour toutes les dates. Ces résultats
confirment le processus de migration des margines de la surface a I'horizon sous-
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jacent. Ces modifications du sol sont déja tenues en vue d'établir un mulch pour
réduire les pertes d'eau par évaporation.
Mots clés: margines; épandage; impacts physiques; rétention d'eau

Riassunto

L'applicazione agricola di acque reflue dei frantoi oleari (ARO) ¢ un'alternativa tra
le opzioni per migliorarla. L'esperimento ¢ stato effettuato a Sidi Bou Ali (Tunisia),
con tre trattamenti, To, T; (25 m’/ha) e T, (50 m*/ha) per quattro mesi. Attraverso il
modello fisico capillare del mezzo poroso, le curve pF sono state stabilite e gli
effetti delle ARO sulle caratteristiche fisiche del suolo sono stati studiati. Si ¢
concluso che le ARO hanno indotto una riduzione della la ritenzione idrica per
tutte le tensioni pit marcate. Un aumento di conduttivita idraulica satura ¢ stato
ottenuto in modo piu pronunciato nel caso dello strato superficiale per tutte le
concentrazioni. Questi risultati confermano il processo di migrazione di ARO dal
topsoil all'orizzonte sottostante. Tali modifiche del suolo sono gia tenute al fine di
stabilire un pacciame sulla superficie del suolo per ridurre le perdite di
evaporazione dell'acqua.

Parole chiave: acque reflue dei frantoi oleari; la diffusione; I'impatto fisico; la
ritenzione idrica

Introduction

The olive mill wastewater (OMW) is a complex composition effluent. Around
700,000 m* of OMW are produced in Tunisia per year (Ammar et al., 2004;
Sellami et al., 2008). Faced with this enormous quantity, environmental solution
for recovery of this effluent has become urgent. Their use as fertilizer by spreading
to enrich the soil nutrient status has attracted attention, both in Tunisia and the
Mediterranean country in general. The bonding and hydrophobic properties of
OMW have been demonstrated in controlled conditions, as factors conditioning the
soil surface. It has acquired a structural stability and hydrophobicity enabling it to
fully play the role of mulch reduces water loss by evaporation (Mellouli, 1996). All
times, results on changes in soil physical properties have not been definitively
validated in situ. The objective of this study was to characterise the changes in
water retention and hydrodynamic conductivity of soil, and their effect on soil
behaviour followed the treatments and over time.

Materials and methods

Experimental protocol

The tests of this study were conducted in a parcel located in Sidi Bou Ali (Tunisia).
The plots did not receive any contribution from OMW previously. The soil
sampling was conducted monthly for four months after application (D;, D,, D3, and
Dy), at two horizons P; and P, (0 - 20 cm and 20 - 40 cm). Two doses of OMW
were selected for application in the field, including 25 (T,) and 50 (T,) m’/ha
compared to untreated control (T).
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Physical analysis

Water retention. To study the effect of OMW on water retention by the soil,
moisture characteristic curves, commonly called pF curves were established. The
pF is the logarithm of potential matrix in absolute value expressed in cm of water.
Thus, the humidity at different potentials matrixes, ranging from -10 cm (% to
saturation) to -15300 c¢cm (permanent wilting point) was determined. The model of
van Genuchten (1978) was applied for smoothing the curves of water retention 0
(h), using the experimental values, with the following equation:

6 =0r+(@s-0r)x {H(alh)”}

Where 6r and 0s are the volumetric water content and residual saturation, o, m and
n are the adjustment coefficients with m = 1-1 / n (van Genuchten, 1980).

Saturated hydraulic conductivity (Ks). Saturated hydraulic conductivity (Ks)
was determined using the method of constant load. Rings with a cross section (A)
and height (L) were filled with soil to a dry bulk density similar to that of testing
the water retention. After stabilization of the flow of water, percolated volumes (V)
were recorded for a period of one hour (t). Then, the different values of Kg were
determined using Darcy's law:

\Y L
AxtAH

Ks=

Statistical treatment of results

The statistical treatment of results is achieved by software STAITSTICA (ver.V),
(France Stat Soft, 1998). The results have been reported to an analysis of variance
to one factor by the test of Fisher-Snedecor at the risk threshold of 5%.

Results and Discussion

Effect of dose administered on water retention

The parameters of the equation of Van Genuchten (1978 et1980) were determined
with the experimental values of water retention. We obtained a smooth of the
curve established by comparing the values of pF depending on the moisture density
by treatment (T, T; and T,) and date (D,, D,, D3 and D,) after application, for the
two horizons (0 -20 and 20 - 40 cm). From the quantitative point of view, the
OMW generate a decrease in water content, whatever the soil matric potential.
Figures 1 and 2 show that both T, to T, for the effect on the OMW reducing water
retention is increasingly important function of the time, but in a quantitative
manner.
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Hydraulic conductivity in saturated condition Kg

Figure 3 and 4 show that K increases significantly for T, and T, compared with T,
the 2™ and 3" month (D, and D).
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Indeed, there is a significant increase of Ks which gradually dropped to the date D2
from 14,64 (Ty) to 21.71, and 22.24 cm/h respectively for T; or T».

Hydraulic conductivity in saturated condition Kg

Figure 3 and 4 show that K increases significantly for T, and T, compared with T,
the 2™ and 3™ month (D, and D;). Indeed, there is a significant increase of Ks
which gradually dropped to the date D2 from 14,64 (T,) to 21.71, and 22.24 cm/h
respectively for Ty or T,. At the time D; treatment T, was significantly different
from T, whereas these two treatments are significantly similar to T,. No
significant differences in Ks values were obtained at P, on the horizon for all
treatments and for all dates are taken separately. However, on date Ds, there is a
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quantitative increase of Ks values increased from 16.67 in the case of T, to 18.17
and 22.53 cm/h respectively for T, and Ts.
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General discussion

En general, the study has confirmed the effects of their hydrophobic and binding
characteristics and reached the following conclusions: (i) A decrease in water
retention in the two horizons with a greater importance in the surface horizon. This
was found in a comprehensive manner for all dates from spreading. (ii) An increase
in saturated hydraulic conductivity was obtained in a manner more pronounced in
the case of the surface layer for all sampling dates for the underlying. (iii) The
changes of soil physical properties, particularly more pronounced in the surface
horizon, indicate that, consistent texture throughout its profile, has acquired a new
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hydrodynamic behaviour can be simulated to a laminate floor, with layers of
texture becoming finer from its surface (Mellouli et al, 1998). The surface layer
play the role of hydrophobic mulch modifying the behaviour of water in the soil
profile and reduce water loss through evaporation.

Figure 3
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