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ABSTRACT

The trituration of olives in Morocco is ensured by a different system of extraction. Traditional units triturate approximately 30% of the national
production, whereas the 70% are treated by semi-modern units using super-presses and industrial units employing the continuous system twophase and three-phase. The physicochemical characterization of the pomace obtained from different extraction systems has revealed a high
moisture content, a slightly acid pH (5.9 - 6.04) and a high content of organic matter (74.69% to 92.03%). The pomace studied is rich in
nutrients important for the growth and development of plants. In effect, it is rich in potassium, carbon, and oligo-elements. However, these
properties are compatible with the requirements of the agriculture of several plants, reason for which this pomace can be considered as a soil
amendment especially those that are poor in organic matter, namely the Mediterranean soils.
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INTRODUCTION
The olivier is a mediterranean culture, which adapts well to Moroccan climatic conditions, of this fact it occupies a large surface of the national
territory. It stretches over an area of approximately 620.000 ha (220.000 ha are irrigated, 150.000 ha non-irrigated and 250.000 ha in mountains)
[1]. The production of olives is approximately 630.000 tons, of which 400000 tonnes is oriented for the production of olive oil [2]. The
importance of the olive tree in Morocco is capital on the economic, social and environmental benefits. Indeed, it contributes to ensuring multiple
functions, such as the fight against erosion, the valorization of agricultural land and the immobilization of the population in the rural areas. The
national olive cultivation allows supplying 260 industrial units and more than 16000 traditional units, called maâsras [3].
The pressing of the olives generates in addition to the oil, a large amount of sub-products, namely the pomace (pulps and nuclei of olives) and
the vegetation water. In effect in average, the treatment of 100 kg of olives produces about 20 kg of olive oil [4] and:
40 Kg of pomace, if we use the traditional system [4].
55 Kg of pomace, if we use the three phases continuous system [5].
- 70 Kg of pomace, if we use the two phases continuous system [5].
The valuation and the treatment of sub-olive products present a challenge downstream of the pipeline. In fact, the rejection of these sub-products
pollutes and strongly degrades the natural environment. The objective of the present study is the qualitative characterization of olive pomace,
obtained by different systems of extraction, in order to assess their agronomic exploitation.
MATERIAL AND METHODS
Presentation of the sampling site
The pomace used in this study was collected from three trituration units:
-

The first unit is a system of the traditional press, based on manual pressing of the paste in the pressing mats, and the natural separation
of the oil from the vegetation water by decantation.
The second and the third units are continuous extraction systems of two-phase and three-phase based on the separtion by centrifuges.
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The triturated olives are originating from the commune of Tahla, located in the region Fès-Meknès (Figure 1).
The pressing in Tahla is mostly traditional. In effect, the region has six traditional units, one two-phase unit and one three-phase unit.
The vegetation water generated is discharged directly into the natural environment, while the pomace is sold to traditional ovens for baking
bread.

Source: Google maps 2018
Figure 1: Sampling zone location

Extraction process of olive oil
The extraction of olive oil involves different processes, such as the receipt of olives, washing, crushing, mixing, and clarification of oil. The
quantity and the physicochemical properties of the waste and effluents generated depend strongly on the extraction method used: traditional,
two-phase or three-phase (Figure 2) [6].

(A) Traditional process (B) Modern process
Figure 2: Extraction process of olive oil [6]

The three-phase system generates a large volume of waste water, which is practically equal to the quantity of olives pressed [7]. By against the
two-phase system generates little waste water, but pomace moisture obtained is relatively high [7].
Analysis methods
To perform the physicochemical characterization of olive pomace, a representative sample from the three systems of extraction is dried in the
drying oven at 60°C, crushed and sieved to 0.1 mm to determine pH, electrical conductivity (EC), micro and macronutrients.
The moisture content is determined by drying the sample to 105°C until constant weight [8]. For the organic matter, a dried sample in the oven is
burned at 525°C during 3 h [8]. The pH and the EC are measured in the aqueous extract using the ratio 2:5 (w/v) for pH [8], and the ratio 1:5
(w/v), for EC [9].
The total nitrogen is measured by Kjeldahl method [10], the total organic carbon by Anne method 1945 [11]. The macro and microelements
(P2O5, K2O, Ca, Mg, Na, Ni, Fe, Cu, Mn, Zn, Cr) are determined by atomic absorption spectrometry, in the environmental laboratory of the
National Institute of Agronomic Research.
RESULTS AND DISCUSSION
Physical parameters
The pomace studied have a little acid pH which varies from 5.9 for the residue of the two phases (G2Ph) and three phases (G3Ph) systems to
6.04 for pomace of the traditional system (GT) (Figure 3).
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Figure 3: Pomace pH from the three systems of extraction

As a soil amendment, this pH is favorable for assimilation of nitrogen, phosphorus, and potassium, necessary for the development of the plants
[12]. Also, the development of bacteria and fungi responsible for organic matter degradation is ensured, for pH values near to neutrality (6 to 8)
or slightly acidic [13]. The same pH value of pomace (pH=6.6) is observed in an Italian study [14].
The variation of pomace pH is a function of several parameters, such as the variety of olives, the maturity stage and the storage duration of
olives [15].
The electrical conductivity of pomace varies from 2.4 to 3.2 ms/cm. These values are considered tolerable for their agronomic use, according to
the Moroccan standard of organic fertilizer [16]. A comparable value of 2.6 ms/cm has been observed in an Italian study conducted by Proietti et
al. [17]. The increase in pomace electrical conductivity is often linked to salts used to preserve the olives quality during storage (Figure 4) [15].

Figure 4: Pomace electrical conductivity in ms/cm from the three systems of extraction

The pomace water content remains on average higher than 40%, with a minimum of 43% observed for pomace of the traditional system and a
maximum of 72.8% for pomace of the two-phase system. This characteristic of water retention allows conserving soil moisture and slowing
down the soil dryness. Indeed Kavdir and Killi [18] have shown that the distribution of pomace on soil improves its structure, its stability, and its
water retention capacity. This water content variation is strictly linked to the extraction process. In effect, the two-phase extraction system
(G2Ph) generates too wet pomace compared to traditional extraction system (GT) and three-phase extraction system (G3Ph) (Figure 5) [7].

Figure 5: Pomace moisture in % from the three systems of extraction

The present pomace is rich in organic matter which varies from 74% to 92%, of this fact they could constitute a good amendment for soils poor
in organic matter. In addition, the richness of the soil of organic matter increases their overall stability [19], which makes them less sensitive to
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erosion (Figure 6).

Figure 6: Organic matter in % of pomace from the three systems of extraction

The macro-elements
From the point of view macronutrients concentration (P 2O5, K2O, Ca, Mg, Na), the analyzed residue present a significant variation for the
different systems of extraction.
The organic carbon remains little variable and has values of 49.31% to 50.79%. These values are similar to the one observed in Portugal
(53.51%) [20] and in Italy (52.43%) [17]. In term of using pomace as an amendment, this high concentration in organic carbon will enrich the
soil reserves of carbon. Indeed an experience conducted in Portugal [21] has demonstrated a significant increase in the amount of organic carbon
in soil treated for three years with pomace from the two-phase system (Figure 7).

Figure 7: Pomace concentration of total organic carbon from the three systems of extraction

The pomace studied have a low total nitrogen concentration (Figure 8), which varies from 0.002% for pomace of the traditional system (GT) to
0.001% for pomace of the two-phase system (G2Ph) and 0.004% for pomace of the three-phase system (G3Ph). Higher concentrations (1%) are
observed in a study conducted in Tunisia [22]. However, Brunetti et al. [23] have demonstrated that application of olive pomace for two years,
has led to an increase of total nitrogen in the soil, which allows saying that pomace can improve in the long term the chemical characteristics of
the soil.

Figure 8: Total nitrogen concentration of pomace from the three systems of extraction
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The concentration of assimilable phosphorus is higher for pomace of three-phase system 0.0425% and two-phase system 0.0196%, than that of
traditional system 0.0001% (Figure 9). Concentrations of total phosphorus of 0.12% and 0.27% are found successively in Italy [14] and in
Portugal [20]. In effect when an amendment is applied to soil, an increase in the content of available phosphorus is planned, as the main result of
soil fertility improvement, something which was observed in Spain [24,25] follows to the use of pomace as a soil amendment. The increase in
available phosphorus in soils amended by pomace is due to phospho-humic complex, which avoids insolubilisation of phosphorus especially in
calcareous soils [26].

Figure 9: Assimilable phosphorus concentration of pomace from the three systems of extraction

The magnesium concentration is important for pomace of two-phase system (1.776%) compared to that of three-phase (0.648%) and traditional
(0.192%) systems (Figure 10). The below values 0.31%, 0.18% have been observed successively in Spain [27] and in Portugal [20], for pomace
of the tow-phase system.

Figure 10: Magnesium concentration of the pomace from the three systems of extraction

By against the calcium concentration was almost similar for the three systems of extraction (Figure 11) which vary from 0.28% for pomace of
the traditional system, to 0.16% for pomace of the two-phase system and 0.32% for pomace of the three-phase system. These concentrations
remain close to the values found in a study conducted in Portugal (0.68%) [20] and in Spain (0.8%) [27].

Figure 11: Calcium concentration of pomace from the three systems of extraction

The concentration of sodium which is equal to 0.9% for the traditional system and 1% for the other two systems of extraction remains relatively
high compared to the value found in Spain [27] which is 0.31% for pomace from the two-phase system (Figure 12).
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Figure 12: Sodium concentration of the pomace from the three systems of extraction

The presence of magnesium, calcium, and sodium in the soil presents an important intake nutrient for the plant. However, the different pomace
samples have been poor in phosphorus and calcium, and rich in magnesium compared to composts of municipal solid waste [28], although
similar in assimilable phosphorus by the report to the sludge of STEP [29].
The present olive pomace shows a large amount of potassium salts (Figure 13). In effect, the concentration of this element for the two-phase,
three-phase, and traditional systems is respectively 4.6%, 9.4% and 6.7%, which is substantially higher than the value obtained in Portugal
(1.5%) [20] and that found in Italy (1.7%) [17]. In this regard, the amendment of soils by pomace seems able to enrich the soil with
exchangeable potassium. In fact, a study conducted in Italy has shown an increase in the exchangeable potassium 4.9 times more for a soil
amended by the pomace, by the report to the witness, after 3 years of amendment [17]. On the other hand, a good fertilization in potassium
allows a better tolerance to drought, which is very common in the Mediterranean conditions [6].

Figure 13: Exchangeable potassium concentration of pomace from the three systems of extraction

The oligo-elements
The oligo-elements are active in very small quantities and enter in the activation of many enzymatic complex.
Pomace of the three system of extraction has elevated levels of zinc that vary from 100 mg/kg for the traditional system, 74 mg/kg for the twophase system, and 104 mg/kg for the three-phase system (Figure 14). The iron concentration is greater for pomace of the traditional system (154
mg/kg) than that of the two-phase and three-phase systems in which the successive concentration is 115 g/kg and 122 mg/kg (Figure 14). Higher
levels of iron (614 mg/kg) and lowest in zinc (21 mg/kg) have been observed in Spain [30].

Figure 14: Zinc and iron concentration of pomace from the three systems of extraction
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The concentration of manganese is almost identical to pomace of the three systems of extraction and which remains less than the value (56
mg/kg) were found in Spain [27] (Figure 15). However, the copper content is 19 mg/kg for pomace of the traditional system, close to the value
17 mg/kg found in Spain [30], and lower than the values found for pomace of the two-phase (8 mg/kg) and three-phase (9 mg/kg) systems
(Figure 15). In general, the concentrations of these nutrients (Zn, Fe, Mn, Cu) is low compared to that found in other materials used as a fertilizer
or as a soil amendment (compost of urban waste and mud of STEP), [28,29].

Figure 15: Manganese and copper concentration of pomace from the three systems of extraction

Undesirable elements
The concentration of chrome is variable in pomace of the different systems of extraction (Figure 16). It is 22.4 mg/kg for pomace of the
traditional system, 5.8 mg/kg for pomace of the two-phase system and 24.5 mg/kg for that of the three-phase system. A value of 15 mg/kg has
been observed in Italy [14]. The chrome and more particularly the Cr(VI) is a very toxic element. This toxicity has been demonstrated at
different stages of growth and development of plants [31].
The nickel content is particularly high in pomace of the traditional system (13 mg/kg) and almost identical for the two-phase (5 mg/kg) and
three-phase (6 mg/kg) continuous system (Figure 16). A value higher (55 mg/kg) has been observed in Spain [27]. However, a concentration
nickel of 0.1 mg/kg seems to have a beneficial effect on the growth of the roots isolated from L. leucocephala, a depressive effect for the same
plant, from the concentration of 1 mg/kg, and a deadly effect for a concentration of 10 mg/kg [32].

Figure 16: Nickel and Chrome concentration of pomace from the three systems of extraction

Despite the high concentration in chrome and nickel, it remains lower than the regulatory thresholds set by the standard NFU 44-051 relating to
organic amendments [33]. Has to note that the variation of the chemical composition in macronutrients and micronutrients of pomace from the
three systems of extractions, depends on several factors, namely, the variety of olives, the stage of maturity, the age of olivier, the
physicochemical characteristics of the soil and the extraction process [34].
Several studies have been carried out the world to demonstrate the agrochemical quality of olive pomace. Indeed, an experiment realized in
central Italy, which consists of disseminating large quantities of olive pomace (50 t/ha) for four consecutive years, has shown an increase in the
content of organic matter, total nitrogen, exchangeable potassium, magnesium and assimilable phosphorus without changing the soil pH [14]. In
another Italian study Brunetti et al. [23] found that the application of pomace for two years led to a significant increase in total soil nitrogen. This
result is in line with those obtained by other studies carried out in Spain [25,35].
Olive pomace always contains a large amount of potassium salts. Therefore, an increase in potassium content is expected in the soils amended by
this pomace. Indeed, an Italian study conducted by Proietti et al. [17] showed a 4.9 fold increase in exchangeable potassium compared to the
control after 3 years of treatment with olive pomace. Significant increases in soil available P was also found when pomaces are used as soil
amendments. [21,24,25]. The increase in macro-elements in soils treated with pomace confirms that the latter could be used as an alternative
source of major growth element for the plant instead of using chemical fertilizers that harm the environment.
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CONCLUSION

The results of the physicochemical characterization show that pomace studied has a low pH acid, a high content of organic matter and moisture.
They are rich in potassium, in organic carbon and magnesium, and slightly poor in phosphorus, calcium, and nitrogen. In term of oligo-elements,
the pomace studied is poor in iron, it presents moderate concentrations of copper, zinc, and manganese. Of this fact, we can say that the richness
of that pomace in organic matter and minerals elements, associated with the faculty of the soil to degrade and to digest the organic matter on the
one hand, and to the capacity of plants to exhaust in the soil the nutrients they need, on the other hand, encourage the use of that pomace as soil
amendment. Also, good agronomic use of pomace allows increasing the chemical fertility of soil, while saving the high cost of nitrogen,
phosphorus and potassic fertilizer.
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