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Abstract. Given their richness in nutritive elements, the majority of agricultural waste is used as 

soil amendments, including olive oil waste. The purpose of this study is to determine the effects 

of the use of olive pomace from three extraction systems on the physico-chemical fertility of the 

soil, after their use as an amendment for faba bean cultivation. The experiment is carried out at 

the Civil Engineering and Environment Laboratory in the EST of Salé, in pots where the olive 

pomace has been mixed with the soil, respecting the percentages studied. Several relative 

physico-chemical parameters of soil fertility were determined at the end of the experiment, 

namely pH, electrical conductivity (EC), total kjeldhal nitrogen (NTK) content, organic carbon 

and exchangeable bases concentration and soil cation exchange capacity (CEC) determination. 

Different percentages of pomace from the three extraction systems were applied (control, 10%, 

15%, 25%, 50%, 75% and 100%) for four months of bean germination test. The application of 

the pomace reduced soil pH, and increased soil organic matter and organic carbon content in 

proportion to the added percentage of pomace. The available phosphorus and exchangeable 

potassium content increased significantly (p < 0.05) in pots containing different percentages of 

pomace compared to their concentrations in the soil (control). The total nitrogen content has not 

increased sufficiently but remains significantly different from the control, especially for the 

percentages of 25%, 50% and 75%. For its part, the cation exchange capacity (CEC) is important 

and will allow a good retention of nutrients for all percentages. 
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INTRODUCTION 

 

The waste management from olive crushing plays a key role in the sustainable 

production of olive oil and is a major environmental problem, particularly in 

Mediterranean countries, which produce more than 95% of olive oil worldwide (Roig et 

al., 2006). The extraction of olive oil can be carried out by several processes, including 

the three extraction systems mentioned in this study: the traditional pressing system 

based on manual pressing of olives and natural separation of oil from olive mill  
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wastewater by simple settling, the continuous system based on the use of a centrifuge to 

ensure the separation of oil from the paste resulting from the crushing of olives. The 

paste is separated into two phases (olive oil and wet pomace) in the case of a continuous 

two-phase system and into three phases (olives mill wastewater, pomace and olive oil) 

in the case of the continuous three-phase system Fig. 1. 
 

 
 

Figure 1. Extraction processes of olive oil. 

 

Pomace and olive mill wastewater together represent potential threats to the 

environment due to the large amount produced over a short period of time on the one 

hand, and their high organic load on the other (Morillo et al., 2009). Several recovery 

methods have been proposed to reduce the residual impact of this waste on the 

environment. Indeed, the pomace has been used as fuel, adsorbent, livestock feed, 

thermal insulation and fertilizer (Federici et al., 2009; Morillo et al., 2009). 

Direct application of pomace to agricultural land appears to be operationally simple 

and economically achievable. In addition, in some European countries, national 

legislation allows the application of specific quantities of pomace on cultivated land. In 

Italy for example, the spreading of olive pomace on agricultural land can be done in 

accordance with Law No. 574 of 1996. 

The application of raw or composted pomace on agricultural land has been the 

subject of several in-depth studies (Di Serio et al., 2008; Mechri et al., 2009; 

Chartzoulakis et al., 2010). 

As a result, the olive pomace can be considered a good fertilizer because of its high 

levels of nutrients needed for plant growth and development, namely potassium (K), 

nitrogen (N), phosphorus (P), magnesium (Mg), and organic matter (Niaounakis et al.,  
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2006; Lozano-García et al., 2011). In addition, the incorporation of these wastes into the 

soil is an interesting contribution to carbon sequestration, the reduction of runoff and 

soil loss through erosion (Mondini & Sequi, 2008; Lozano-García et al., 2011), without 

negatively affecting the soil microbial community (Proietti et al., 2015), which plays a 

significant role in the assimilation of certain nutritive elements necessary for plants. 

The olive pomace use as a soil amendment has given satisfactory results in terms 

of yield and crop production (Lopez-Pineiro et al., 2006) due to its high content of macro 

and microelements (Ameziane et al., 2018). Therefore, the study of the effect of pomace 

on the physico–chemical fertility of the soil is necessary to ensure sustainable olive 

growing that respects the environment without negative effects on the soil. The objective 

of this work is to study the effect of the use of olive pomace at different percentages as 

soil amendment on the physico-chemical characteristics of Moroccan sandy soil, in order 

to improve the fertility parameters of these soils, for a better agricultural exploitation of 

the latter. 

 

MATERIALS AND METHODS 

 

Materials 

The olive pomace was collected from three oil mills in the city of Tahla (Tahla, 

Morocco, latitude 34°02'58'' North, longitude 4°25'17'' West, altitude above sea level: 

606 m). The first oil mill operates on a two–phase continuous system, the second on a 

three-phase continuous system and the third ensures a traditional crushing. The present 

olive pomace was used as fertilizer at different percentages (0%, 10%, 15%, 25%, 50%, 

75%, 100%) in pots for faba bean cultivation, to see the influence of the use of this 

pomace on the physico-chemical fertility of the soil. The test began with drying the 

pomace, grinding and sieving it to 1 mm, then seeding the bean grains in pots with 

different percentages of soil and pomace from the three extraction systems, averaging 

5 grains per pot. The test lasted four months from February 2017 to May 2017 at the 

civil engineering and environment laboratory of the high school of technology in  

Salé-Marocco, at a variable temperature and humidity depending on outdoor climatic 

conditions. 

Each pot was regularly irrigated three times a week with an equal amount of well 

water. The test was repeated three times. 

The physico–chemical characteristics of the pomace studied are presented in 

Table 1 (Ameziane et al., 2018). 

The soil used in this study comes from ‘Salé’ (Salé, Morocco, latitude 34°03'11'' 

North, longitude 6°47'54'' West, altitude above sea level: 34 m). It was sampled from the 

topsoil (0–20 cm) of a callistemon. It is a sandy soil and its properties are presented in 

Table 1 (Ameziane et al., 2018). 

At the end of the plant period, the soil contained in the pots is dried at 40°C and 

stored for physico–chemical analysis. 
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Table 1. Physico-chemical parameters of the pomace from the three extraction systems and the 

soil (Ameziane et al., 2018) 

Physico-chemical parameters 

Olive pomace 

Soil 

Olive pomace 

from the 

traditional  

press system 

(GT) 

Olive pomace 

from the  

two-phase 

system 

(G2Ph) 

Olive pomace 

from the 

three-phase 

system 

(G3Ph) 

Clay in % - - - 9 ± 0.044 

Sand in % - - - 68 ± 0.088 

Silt in % - - - 23 ± 0.044 

pH 6.04 ± 0.02 5.90 ± 0.02 5.94 ± 0.03 7.61 ± 0.044 

Electrical conductivity in mS cm-1 2.62 ± 0.10 2,47 ± 0.09 3.21 ± 0.36 0.085 ± 0.149 

Moisture in % 43.33 ± 1.87 52.81 ± 0.77 53.56 ±1.63 4.51 ± 0.044 

Organic matter in %  77.02 ± 0.88 74.69 ± 13.36 92.03 ± 4.65 1.58 ± 0.158 

Total organic carbon in % 49.72 ± 0.36 49.32 ± 0.36 50.79 ± 0.31 0.83 ± 0.597 

Total nitrogen in % 0.00257 0.00175 0.00402 0.134 

The available Phosphorus in % 0.00015 0.02 0.04 0.0103 

Calcium in % 0.29 0.23 0.28 0.48 

Exchangeable potassium in % 6.70 4.60 9.4 0.0445 

Magnesium in % 0.04 0.03 0.03 0.0243 

Sodium in % 0.9 1 1 0.0092 

The values obtained represent the average of three repetitions. 

 

The water used for faba bean irrigation comes from a well of the Higher School of 

Technology of Sale, whose physico–chemical characteristics (Table 2) are in 

compliance with the Moroccan standard for irrigation water (Secretariat of State at the 

Ministry of Energy, Mines, Water and Environment, in charge of Water and 

Environment, 2007): 

 
Table 2. Physico-chemical parameters of irrigation water (Ameziane et al., 2018) 

Physico–chemical parameters Characteristics of irrigation water 

pH 7.49 ± 0.047 

Electrical conductivity in mS cm-1 1.024 ± 0.016 

Temperature in °C 18.13 ± 0.058 

Suspended matter mg L-1 0.232 ± 0.033 

Salinity in ppb 655 ± 0.1 

Nitrates in mg L-1 7.04 ± 0.007 

Chlorides in mg L-1 192.5 ± 0.044 

Boron in mg L-1 0 

Sulphates in mg L-1 21.33 ± 0.005 

Ortophosphates in mg L-1 0.0134 ± 0.0001 

The sodium absorption ratio (SAR) meq1/2 (l1/2)-1 0.53  0.5 

The values obtained represent the average of three repetitions. 

 

Methods 

To carry out physico-chemical characterization, a representative soil sample is 

sieved to 2 mm and dried in an oven at 40 °C to determine the pH, electrical conductivity 

(EC), total organic carbon (TOC), exchangeable potassium (K2O), available phosphorus 
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(P2O5), total Kjeldhal nitrogen (NTK), exchangeable sodium (Na+), cation exchange 

capacity (CEC). 

pH and EC are measured in the aqueous extract using the ratio 2:5 (w/v) for pH 

(Rodier et al., 2009), and the ratio 1:5 (w/v) for EC (ISO 11265, 1994). 

Total nitrogen is measured by the Kjeldahl method (Bremner et al., 1982), total 

organic carbon by the Walkley and Black method (Walkley & Black, 1934) and organic 

matter was estimated by the following formula OM in % = %TOC×1.72 (Dabin, 1970). 

Available Phosphorus by the Olsen method (Olsen, 1954). Exchangeable potassium 

and sodium are extracted by CH3COONH4 at pH 7 (Bower et al., 1952) and measured 

by flame photometer. The cation exchange capacity (CEC) was obtained by the Mehlich 

method (1942). The physico-chemical analyses were carried out in the environment and 

natural resources conservation laboratory of the Agricultural Research National Institute 

in Rabat. 
 

Statistical analyzes 

The obtained results correspond to the average of 3 repetitions. The experimental 

data were subjected to unidirectional variance analysis (ANOVA) and mean separations 

were made by the smallest difference (LSD) at the significance level of p < 0.05, using 

the Statgraphics centurion XVI program for Windows. 

 

RESULTS AND DISCUSSION 

 

Chemical characteristics of the soil and olive pomace 

In this study, the used soil is sandy (68%) with a neutral pH (7.61) and an average 

moisture of 4.51%. It has a low content of organic matter (1.58%) as well as organic 

carbon (0.83%), which is the case for most Mediterranean soils (Ganlanakis, 2017). Its 

content of total nitrogen and available phosphorus is high and is worth respectively 

(0.134%) (0.0103%) as well as potassium (0.0445%) (Table 1). 

The pomace average humidity varies from 43.33% to 53.56% depending on the 

used extraction system. They have a slightly acidic pH (5.9 to 6.04) and a very high 

content of organic matter (74.69% to 92.03%) and organic carbon (49.32 to 50.79%). 

They are low in nitrogen (0.00175% to 0.00402%), phosphorus (0.00015% to 0.04%) 

and sodium (0.9% to 1%) but rich in potassium (4.6% to 9.4%) (Table 1). 
 

Olive pomace effect on the physical characteristics of the soil (pH, EC, OM) 

pH 
The different soil types pH varied slightly from basicity to neutrality during the 

germination test. Indeed, more the concentration of pomace increases, more the pH turns 

towards neutrality (Fig. 2). On the other hand, this pH remains favourable for the 

assimilation of mineral salts and micro-nutrients essential for the growth and 

development of most plants (Nefzaoui, 1985). Despite the acidity of the pomace 

(Table 1), the germination of the faba bean increased the pH to neutral even for the pot 

containing 100% pomace. This can be attributed to the microbiological activity of the 

microorganisms. Actually, when the soil is enriched with easily decomposable organic 

compounds, the release of ammonia always leads to a more or less durable increase in 

pH, depending on the doses and the plants' use (Moureaux, 1973). 
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Figure 2. Effect of pomace addition on soil pH (Values with different letters are significantly 

different: p < 0.05). 

 

Electrical conductivity 
The electrical conductivity (EC) varies according to the added pomace quantity 

(Fig. 3), in fact the higher the pomace percentage is, the higher is the conductivity. This 

is normal given the richness of pomace in soluble salts, especially potassium salt 

(Table 1). However, the optimal tolerance range for the electrical conductivity of soils, 

which depends on the species and phase of cultivation, should not reach 2.5 mS cm-1 in 

order to avoid reverse osmosis and root drying (Montoroi, 1996). It can be said that the 

contribution of olive pomace to the soil studied did not significantly affect soil salinity, 

however there is a variation in soil salinity depending on the used type of pomace. 

The pomace electrical conductivity variation is significantly different between the 

three extraction systems pomace. This can be attributed to the variation in the extraction 

process, the way olives are collected and preserved before extraction (Chimi, 2001). 
 

 
 

Figure 3. Effect of pomace addition on soil EC (Values with different letters are significantly 

different: p < 0.05). 
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Organic matter 
Given the high organic matter of olive pomace, its addition to the soil has increased 

the concentration of the latter. This increase is significantly different between the 

different percentages of pomace for the three extraction systems (Fig. 4). The high 

content of organic matter in the soil promotes water retention and increases the overall 

stability of the soil (Lopez-Pineiro et al., 2007), which makes soils less susceptible to 

erosion. A similar study conducted in Turkey by Kavdir & Kili (2007) showed that the 

distribution of pomace on the soil improves its structure, stability and increases water 

retention capacity. 

According to Fig. 4, the results obtained are similar for the pomace from the thre 

extraction systems. 
 

 
 

Figure 4. Effect of pomace addition on organic matter content (Values with different letters are 

significantly different: p < 0.05). 

 

Effect on soil chemical parameters 

Total organic carbon 

Following the contribution of pomace to the soil in terms of organic matter, the 

organic carbon concentration will also be high. Indeed, there is a significantly different 

increase in the organic carbon concentration depending on the added pomace 

concentration (Fig. 5). In addition, the experiment conducted in the short and medium 

term by López-Piñeiro et al. (2008) in Spain showed a significant increase in the amount 

of organic carbon in soil treated for three years with a pomace from the two-phase 

system. This result is consistent with those obtained by other authors (Madejon et al., 

2003; Montemurro et al., 2004), but it is necessary to determine the quantity and quality 

of the added pomace, as well as their application techniques. In fact, organic matter 

mineralization is enhanced when the pomace is distributed on the soil surface without 

incorporation (Proietti et al., 2015). 

In terms of comparison between the pomace from the three extraction systems, it is 

clear that the pomace from the two-phase system provides a significant amount of TOC 

to the soil. Indeed, the TOC content for all percentages for this pomace type is 

significantly different from the control. 
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Figure 5. Effect of pomace addition on TOC content in soil (Values with different letters are 

significantly different: p < 0.05). 

 

Total nitrogen 

The initial soil (control) nitrogen concentration is 0.134% (Table 1), but following 

the faba bean germination test the plant assimilates its nitrogen needs and consequently 

the nitrogen concentration has decreased to 0.04% (Fig. 6). However, due to the addition 

of olive pomace, the concentration has increased, especially in pots containing 25%, 

50%, 75% and 100% pomace mainly for those coming from the continuous system. 
 

 
 

Figure 6. Effect of pomace addition on NTK content in soil (Values with different letters are 

significantly different: p < 0.05). 
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sufficient nitrogen supply in comparison with the plants' needs. Indeed, when the 

nitrogen concentration is less than 1.5%, the soil immobilizes the nitrogen, while at a 

concentration higher than 2% the mineral nitrogen is unconfined (MacNaeidhe & 

Courtney, 1983). 

 

Available phosphorus  

When an amendment is applied to the soil, an increase in the available phosphorus 

is expected, as the main result of improved chemical fertility. 

Given the low phosphorus concentration in the studied pomace (Table 1), the 

addition of the latter did not significantly increase the phosphorus concentration in the 

majority of percentages (Fig. 7). The same result has been obtained by other authors, 

indeed Nasini et al. (2013) and Brunetti et al (2005) have shown that the application of 

different types of olive pomace does not affect the available phosphorus of the soil. 
 

 
 

Figure 7. Effect of pomace addition on P2O5 content in soil (Values with different letters are 

significantly different: p < 0.05). 

 

In addition, significant increases in soil available phosphorus have been found 
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those of other authors. Indeed, an increase of 4.9 times in exchangeable potassium 

compared to the control is obtained after 3 years of treatment in an Italian study, when 

olive pomace is used as an amendment (Proietti et al., 2015). In addition, adequate 

potassium fertilization allows better tolerance to drought, which is very frequent under 

Mediterranean conditions (Ganlanakis, 2017). 
 

 
 

Figure 8. Effect of olive pomace addition on soil K2O content (Values with different letters are 

significantly different: p < 0.05). 

 

Sodium 

The germination of the faba bean allowed an increase in the sodium concntration 

(Fig. 9) in the different percentages including the control compared to their initial 

concentration (Table 1). 
 

 
 

Figure 9. Effect of olive olive pomace addition on Na+ content in soil (Values with different 

letters are significantly different: p < 0.05). 
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The sodium concentration for pots containing different percentages of pomace from 

the three-phase system and the traditional system is significantly high (p < 0.05) 

compared to the control. As a result, the pomace from these two extraction systems has 

increased the sodium concentration in the soil, and this is due to the high organic matter 

content and the soil ability to retain cations. Indeed, even if the sodium is the most 

abundant of all alkaline metals, by a representation of 2.6% of the earth's crust (Weast, 

1972), it is retained with a low energy on the CEC, so it is easily washable and quickly 

replaceable by bivalent cations (Mg2+, Ca2+...) (Dabin, 1970). But with a high organic 

matter content, the storage reservoir for cationic nutrients increases (Duchaufour, 1954), 

thus increasing the concentration of these elements in the soil, of which sodium is a part. 

 

Cation exchange capacity (CEC) 

The cation exchange capacity of the soil containing different percentages of olive 

pomace is significantly different compared to the control (p < 0.05) (Fig. 10). 
 

 
 

Figure 10. Effect of olive pomace addition on cation exchange capacity of the soil (Values with 

different letters are significantly different: p < 0.05). 
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the objective was to see which type of olive pomace would provide an optimal 

contribution to the soil in terms of fertilizing element. While the results obtained were 

identical for the pomace from the three extraction systems. 

All the results obtained during this experiment approve that the use of olive pomace 

as an amendment has positive effects on the physical and chemical characteristics of the 

soil. These results are consistent with other conducted studies, in terms of physical 

characteristics, the diffusion of pomace in the soil increases its porosity, water retention 

capacity and overall stability (Giusquiani et al., 1995; Kavdir & Killi, 2007). The 

increase in overall stability is attributed to an increase in organic matter (Lopez-Pineiro 

et al., 2007), which makes soils less susceptible to erosion. 

In terms of chemical characteristics, the pomace addition over time improves the 

chemical fertility of the soil by increasing organic matter and nutrient content (total 

nitrogen, phosphorus and exchangeable potassium) without changing the pH value and 

soil salinity (Montemurro et al., 2004; Cucci et al., 2008; Chartzoulakis et al., 2010). In 

an experiment conducted in central Italy, the application of large quantities of pomace 

(50 t ha-1) in an olive grove for 4 consecutive years caused a slight decrease in pH, an 

increase in organic matter, total nitrogen, exchangeable potassium, magnesium and 

phosphorus content (Nasini et al., 2013). Generally olive pomace contains a large 

amount of potassium salts, therefore, an increase in the exchangeable potassium content 

is expected in pomace-enriched soils (Proietti et al., 2015). On the other hand, adequate 

potassium fertilization allows a better tolerance to drought, which is very frequent under 

Mediterranean, conditions (Ganlanakis, 2017). 

The proper use of pomace can be considered a valuable method to increase the soil 

chemical and physical fertility while saving the high costs of chemical fertilizers. 

 

CONCLUSION 

 

The olive pomace application at doses of 10, 15, 25, 50, 75, and 100% modified the 

soil pH from basicity to neutrality, it increased the electrical conductivity of the soil, as 

well as the organic matter and organic carbon content compared to the control. The total 

nitrogen content has increased slightly, but remains insufficient in terms of fertility. For 

available phosphorus, the concentration is not significantly different for the majority of 

percentages. The exchangeable potassium is proportional to the percentages of the added 

pomace. Given the pomace richness in organic matter, the cation exchange capacity has 

increased for the different percentages, increasing with it the soil reserves in 

exchangeable bases. As a result, olive pomace has great potential to improve the 

structure of coarse-textured soils in the short term, in most Moroccan soils. 
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