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Abstract. Morocco is among the major olive-growing countries around the Mediterranean, its
productivity increases from one year to the next, especially after the introduction of the Green
Morocco plan, which aims for an increase in the olive-growing area by the year 2020. The
increase in productivity especially in olive oil is strictly accompanied by an increase in waste
generated after crushing. The objective of this study is to value the olive pomace compost from
traditional system as a soil amendment, and study its effect on the cultivation of herbaceous
plants. The germination test is carried out in small pots, placed in a sunny place in a laboratory.
25 Fenugreek seeds were germinated in each pot which contains soil and a well-defined
percentage of compost (5%, 10%, 15%, 20% and 25%). The seeds were irrigated regularly twice
a week. All the tested seeds in different percentages of compost germinated at a rate of more than
90%. The final germination rate for the different concentrations was significantly important from
the control (the pot that contains only soil). However, the 5% compost concentration allows an
optimal germination rate. As well as the vigour of the seedlings that approves the positive effect
of using olive pomace compost with a significantly high vigour index for all compost percentages
(5%, 10%, 15%, 20% and 25%). The olive pomace compost use also improved the dry matter
weight of the fenugreek seedlings for all percentages.
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INTRODUCTION
In the Mediterranean countries, the environmental impact of olive oil production is
significant. Indeed, the extraction of olive oil requires a large amount of water and
generates huge amounts of waste during a limited period of 3 to 4 months per year
(Ouzounidou et al., 2010; Mechri et al., 2011; Ntougias et al., 2013). According to the
Food and Agriculture Organisation of the United Nations, 2.7 million tons of olive oil
are annually produced worldwide, 76% of which are produced in Europe. Other olive oil
producers are Africa (12.5%), Asia (10.5%) and America (0.9%) (Morillo et al., 2009).
In Morocco, the olive tree is the main planted fruit species. It is present throughout
the national territory because of its capacity to adapt to all bioclimatic levels
(El Mouhtadi et al, 2014). Indeed, the olive tree constitutes more than half of the
arboricultural species, with more than 60 million trees on an area exceeding 560,000 ha
(El Mouhtadi et al, 2014). In terms of production, the 2018–2019 campaign was marked

by a new production record of about 2 million tons of olives, an increase of 42%
compared to the average olive production of the last five years (Harbouze, 2019).
The waste generated following olive crushing, used to be discharged directly into
the surrounding environment, which causes strong phytotoxic and antimicrobial effects.
In fact, olive waste increases soil hydrophobicity, decreases water retention and
infiltration rate, and affects acidity, salinity, nitrogen immobilization, microbial activity,
nutrient leaching, lipid concentration, organic acids and naturally occurring phenols
(Sierra et al., 2007; Regni et al., 2016). However nowadays and with the emergence of
the principle of sustainable development, which insists on the harmonious balance
between the protection of the environment, including water resources, which are
particularly fragile in Morocco (World bank group, 2017) on one hand, and industrial
production on the other hand, force us to think differently.
The valuation of olive pomace constitutes a potential source of additional income
that can contribute to improving the profitability of olive-growing farms. The olive
pomace can be used as fuel, livestock feed, fertilizers and as thermal insulation in some
construction materials (Ajmia Chouchene, 2010).
The pomace use as an organic amendment has been a widespread practice in olive
groves for a long time. Indeed, in addition to being economical and easily achievable, it
has positive effects on soil characteristics and crops (Amirante, 2003; Niaounakis &
Halvadakis, 2006 and Lozano-Garcia et al., 2011). Similarly, the olive pomace use has
improved the soil biological activity (Innangi et al., 2017). The amendment by olive
pomace has gone beyond olive groves to be used in herbaceous crops. In fact Brunetti
et al. (2005) found an increase in the production of Triticum turgidum L. related to grain
weight, number of grains per square meter, and soil organic matter content after
amendment by olive pomace. Another study carried out in central Italy by Regni et al.,
2017, showed that the application of olive pomace and its compost for 8 consecutive
years on the soil of olive groves, significantly increased olive trees vegetative activity
and fruit yield, as well as the oil phenols concentration.
However the abusive use of raw pomace as an amendment has shown some
problems related to the needed time for germination and root development due to their
high organic load, the mineral salts it contains, its low pH and the presence of phytotoxic
compounds. (Del Buono et al., 2011; Gigliotti et al., 2012; Proietti et al., 2015).
Therefore, composting is necessary to stabilize the high organic content and benefit from
a soil amendment rich in humic compounds, cation exchange capacity and water
retention capacity (Malik et al., 2009).
The objective of this work is to study the effectiveness of a compost composed of
olive pomace and cattle manure, used as a soil amendment, when germinating fenugreek
seeds. Different concentrations of compost (5%, 10%, 15%, 20% and 25%) are tested
during the germination trial in order to determine the optimal dose. A set of parameters
were determined during and at the end of the vegetative period, namely seedling vigour,
germination rate, dry matter weight and root development.

MATERIALS AND METHODS
Experimental design
The experiment consists of germinating 25 fenugreek seeds in moderate
percentages of olive pomace compost (Table 1) and soil, in order to identify the
fertilizing power of this compost and to determine the optimal useful dose for plants.
Table 1. Percentages of compost and soil used in the experiment
Compost percentage
0%
5%
10%
15%
Soil percentage
100%
95%
90%
85%
The percentages are on weight.

The table below illustrates the
percentages in used compost and soil:
The soil used in this study
comes from ‘Salé’ city (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
deep) of a callistemon. It is a sandy
type of soil with the following main
properties (Table 2):
The compost used in this work
is already prepared in a previous
study (Ameziane et al., 2020b). It
consists of 43% olive pomace and
57% cattle manure, which is mixed in
a 30-litre barrel. The barrel is
perforated to provide an aerated
environment and placed in a sunny
location. The composting process
took 130 days to obtain mature
compost, of which physico-chemical
characteristics are presented in
Table 3:
Before starting the germination
test, the fenugreek seeds are
disinfected with bleach, washed
thoroughly with water and then
rinsed with distilled water. Next,
these seeds are put to germinate in
small pots (φ (Top): 15 cm, Height:
14 cm, φ (Base): 10 cm). For each
percentage of compost corresponds
three pots, in each one of them 25

20%
80%

25%
75%

Table 2. Soil
physico-chemical
parameters
(Ameziane et al., 2020a)
Physico-chemical
Soil
parameters
characteristics
Clay in %
9 ± 0.044
Sand in %
68 ± 0.088
Silt in %
23 ± 0.044
pH
7.61 ± 0.044
Electrical conductivity in µS cm-1 85.5 ± 0.149
Moisture in %
4.51 ± 0.044
Organic matter in %
6.88 ± 0.125
Total organic carbon %
4.88 ± 0.333
Total nitrogen in %
0.134 ± 0.02
Total Phosphorus %
0.0103 ± 0.003
Calcium %
0.48
Potassium %
0.0445
Magnesium %
0.0243
Sodium %
0.0092
The obtained values represent the average of three
repetitions.

Table 3. Physico-chemical
properties
and
germination index of mature compost (Aameziane
et al., 2020b)
Measured parameters
Mature compost
pH
8.61 ± 0.03
Humidity in %
30.4 ± 0.14
EC in mS cm-1
2.06 ± 0.22
OM %
38.4 ± 0.76
K2O %
2.8 ± 0.36
NTK %
1,3 ± 1.89
P2O5 %
0.42 ± 0.86
COT %
22.32 ± 0.89
C/N %
17.16
The germination index in % 73 ± 0.65
The obtained values represent the average of three
repetitions.

Fenugreek seeds have been sown at
a depth of approximately 0.5 cm
with a space of 1.5 to 2 cm between
seeds. The pots are then placed in a
laboratory.
Each pot has been regularly
irrigated twice a week with Salé
High School of Technology well
water, and of which physico- chemical characteristics are in
accordance with the Moroccan
standard for irrigation water
(Ministry of Energy, Mines, Water
and Environment, 2007) (Table 4).
The germination test lasted for 12
days.

Table 4. Irrigation
water
physico-chemical
parameters (Ameziane et al., 2020a)
Physico-chemical
parameters
pH
Electrical conductivity in mS cm-1
Temperature in °C
Suspended matter e mg l-1
Salinity in ppb
Nitrates in mg l-1
Chlorides in mg l-1
Boron in mg l-1
Sulphates in mg l-1
Ortophosphates in mg l-1
The SAR

Irrigation water
characteristics
7.49 ± 0.047
1.024 ± 0.016
18.13 ± 0.058
0.232 ± 0.033
0.3 ± 0.1
7.04 ± 0.007
192.5 ± 0.044
0
21.33 ± 0.005
0.0134 ± 0.0001
0.53 ± 0.5

The obtained values represent the average of three
repetitions.

Plant material
Fenugreek is a Fabaceae family member. This specie has several varieties. It adapts
to various types of soils. The best soils are between permeable clay and sandy. It is
generally cultivated in bour without additional irrigation in areas with rainfall between
300 and 450 mm (Bernard, 1999).
Measured parameters
Several parameters were regularly monitored during this germination test:
The germination rate is calculated by the formula of Belcher & Miller (1974):
G % = 100 ×

∑𝑛
𝑁

(1)

where n is the number of sprouted seeds and N is the number of tested seeds.
The vigour is determined by the formula of Abdul-Baki & Anderson (1973):
𝑉𝐼 = % 𝐺 × 𝑆𝐿
(2)
where SL is the length of the seedling in cm and % G is the germination rate.
Germination kinetics: this involves daily calculation of the germination rate under
the different compost concentrations (Hajlaoui et al., 2007). It is expressed by the number
of seeds germinated each day after the beginning of the experiment. This parameter allows
a better understanding of the ecological significance of the germination behaviour of the
studied seeds as well as the set of events that begin with the water absorption stage by the
seed and end with the elongation of the embryonic axis and the emergence of the radicle.
Dry matter: Just after harvest, the seedlings dry matter weight of each pot, (stems
+ leaves + roots) was measured after drying in an oven at 105 °C to constant weight
(Jacquemin, 2012).
Statistical analysis
The obtained results correspond to the average of 3 repetitions (three pots for each
treatment). The experimental data were subjected to unidirectional variance analysis
(ANOVA) and the average separations were made by the smallest difference (LSD) at

the significance level of P < 0.05, using the Statgraphics centurion XVI program for
Windows.
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Figure 1. Germination
kinetics
of
Fenugreek
seeds
using
different
concentrations of olive pomace compost.
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At the first observation of Fig. 1 it can be seen that seeds germination rate is
important for all compost concentrations compared to the control. (Fig. 1). We note a
slow-down in the germination process as the compost dose increases. But despite this
decrease, the germination rate of the different percentages (5%, 10%, 15%, 20% and
25%) remains high compared to the control.

Final germination rate in %

The germination kinetics allows us to distinguish three important phases (Fig. 1):
 A latency phase, essential for the appearance of the first germs, and during which
the germination rate remains low. The duration of this phase is short for the different
concentrations (2 days), while it is longer for the control (4 days).
 A latency phase, essential for the appearance of the first germs, and during which
the germination rate remains low. The duration of this phase is short for the different
concentrations (2 days), while it is longer for the control (4 days).
 A more or less linear phase, corresponds to a rapid increase in the germination
 rate, which evolves proportionally to time (from the 2nd to the 10th day), during
this phase an accelerated germination of the seedlings is noticeable for all compost
concentrations compared to the control.
 A phase that corresponds to the final germination percentage, which is a stage
that reflects the germination capacity of the fenugreek seeds for each concentration. This
capacity seems important for all compost percentages compared to the control.
In general, all tested seeds germinated at a rate of more than 90% for all compost
doses. Indeed, the final germination rate for the different concentrations is significantly
different from the control. However, the 5% compost concentration allows an optimal
germination rate (100%) (Fig. 2).
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Figure 2. Final Fenugreek seedlings germination rate using different concentrations of olive
pomace compost. (Values with different letters are significantly different: p < 0.05).

Plant germination is strongly linked to the availability of the nutrients elements,
mainly nitrogen, which is responsible for the development of foliage and the plants aerial
parts (Jean-François Morot-Gaudry, 1997). This explains the precocious germination of
plants fertilized by the compost compared to control plants. In fact, the studied compost
has a high nitrogen concentration (1.3%) (Table 3) compared to the control (0.134%)
(Table 2).
Olive pomace compost addition effect on dry matter weight
The compost addition at different percentages improves the fenugreek seedlings
dry matter weight (stems, leaves and roots), compared to the control (Fig. 3). The
improvement is notable (p < 0.05) for 5%, 10% and 15% compost concentrations, while
it is not significantly different from the control (p > 0.05) for 20% compost

Dry matter weight in g

concentration. The increase in the seedlings dry matter weight can be explained by the
richness of the compost in nitrogen and macro-elements, namely sodium, calcium,
magnesium and potassium, which participate in the formation of plant tissues and
represent 99% of their mass (Union of Fertilizer Industries, 1998). It is noticeable that
the added compost concentration is inversely proportional to the weight in dry matter,
which could be attributed according to Del Buono et al. (2011) to a high phenols
concentration contained in the compost. A similar result was observed when using olive
pomace compost for germinating Festuca and Italian ryegrass (Del Buono et al., 2011).
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Figure 3. Effects of different percentages of compost on the weight of residual dry matter (Values
with different letters are significantly different: p < 0.05).
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Pomace compost addition effect on seedling vigour
The seedling vigour results (Fig. 4) show a positive effect of the use of olive
pomace compost, which is reflected in a high vigour index compared to the control for
the different percentages. In fact, the seedlings sown in the 5% compost percentage show
an optimal vigour index (214.83) that is significantly different from the other percentages
and from the control. Like the 10%, 15%, 20% and 25% percentages, the vigour index
is high and significantly different from the control.
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Figure 4. Fenugreek seedlings vigour using different olive-pomace compost concentrations.
(Values with different letters are significantly different: p < 0.05).

In general, the fenugreek seedlings vigour index is significantly improved with the
compost addition for all the used percentages compared to the control. Seedling vigour
is linked to the presence of many nutrients, most important are nitrogen, which promotes

growth, phosphorus, which stimulates root development, and potassium, necessary for
plant nutrients assimilation (Mickaël Delaire, 2005). All these elements are abundant in
the compost (NKT: 1.3%; P2O5: 0.42%; K2O: 2.8%) (Table 3) compared to the control
soil (NKT: 0.13%; Total phosphorus: 0.01%; Total potassium: 0.04%) (Table 2). This
explains the important vigour of plants fertilized by different compost doses compared
to control plants. But as for the weight in dry matter, this vigour decreases when the
concentration of compost increases, which approves the existence of a phytotoxic
compound that affects the seedlings vigour.
Pomace compost addition effect on root development of seedlings
Concerning the pomace effect on fenugreek seedlings root structure; we note a
positive effect on root formation (Fig. 5). This effect is apparent for all compost
concentrations. Root length was significantly different from the control for 5%, 10%,
15% and 20% concentrations. Similarly, root thickness is important for all concentrations,
except for 25% compost concentration which is similar to the control (Fig. 6). Root
development and vigour are strictly related to the phosphorus abundance in the soil
(Plassard et al., 2015). Therefore, the important phosphorus concentration in the compost
(0.42%) (Table 3) compared to that of the control (0.01%) (Table 2) can explain the
significant roots development of plants fertilized by the compost. Same results have been
also observed during germination of Festuca and Italian ryegrass (Del Buono et al., 2011).
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Figure 5. Root length for different concentrations of olive pomace compost. (Values with
different letters are significantly different: p < 0.05).

Summarizing the obtained results we can say that the olive pomace compost
presents an important nutritive contribution to the Fenugreek germination. Indeed, the
pomace addition at different doses (5%, 10%, 15%, 20% and 25%) allowed an optimal
germination compared to the control. The compost addition also increased the Fenugreek
plants dry matter weight compared to the control for 5%, 10% and 15% compost
concentrations. Similar results were observed by Del Buono et al. (2011) during the
germination of Festuca and Italian ryegrass, as by Alburquerque et al. (2007), who
reported a significant increase in Ryegrass plants dry matter weight, after been amended
with olive pomace compost for 87 days. The present study also showed that the olive
pomace compost addition allowed a significant improvement in the seedlings vigour and
the root development of the plants, especially for 5%, 10%, 15% and 20% doses. This
improvement could be attributed to the pomace compost richness in fertilizer elements
(NTK, P2O5 and K2O) required for the growth and development of most plants (Table 3)

(Regni et al., 2016). Likewise, Del Buono et al. (2011) found significant root development
of Festuca and ryegrass following their amendment with olives pomace compost.

5% of
100%
Soil compost

10% of
compost

15% of
compost

20% of
compost

25% of
compost

Figure 6. Fenugreek seedlings root development for different compost percentages.

Our results are consistent with studies carried out in other countries and on other
plants. Indeed in Italy, the olive pomace compost amendment of olive trees for 8 years
significantly increased the vegetative activity and fruit yield of olive trees (Regni et al.,
2017). In an Italian study conducted by Proietti et al. (2015), an increase in vegetative
activity and productivity of olive trees was observed after being amended with olive
pomace compost for three consecutive years (Proietti et al., 2015). This increase in yield
is due to the increase in organic matter, total nitrogen, assimilable phosphorus and
exchangeable potassium content (Lopez-Pineiro et al., 2008). In fact, several studies
show that soil amendment with pomace compost over time allowed an increase in soil
organic matter and nutrient content (total nitrogen, phosphorus and exchangeable
potassium) without modifying the soil pH and salinity (Ferarra et al., 2012;
Chartzoulakis et al., 2010; Uygur & Karabatak, 2009; Montemurro et al., 2004). No
negative effects on the quality of olive oil were observed in the studies mentioned above.
This supports the view that pomace compost does not affect fruit quality.
CONCLUSIONS
In conclusion, in the present experiment, the used soil low fertility, and the olivepomace compost important content in fertilizing elements, necessary for plant
development (NTK, P2O5, K2O), has allowed a significant Fenugreeks plants growth.
The olive-pomace compost addition in different percentages (5%, 10%, 15%, 20% and
25%) to the Fenugreeks plants has improved their growth parameters (germination rate,
seedling vigour and root development). Indeed the plants germination rate was important
compared to the control for all compost percentages, the plant dry matter weight, the
plants vigour and root development were significantly important compared to the control
especially for 5%, 10% and 15% compost doses. Our study agrees with the results
obtained by other authors and confirms that soil amendment with olive pomace compost
can be a sustainable alternative to expensive and polluting chemical fertilizers. In
perspective, further field trials on other crops are planned to confirm the obtained results.
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