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ABSTRACT

Aims: The main objective of this paper is to determine the recommended amounts of
olive mill wastewaters (OMW) that should be applied as a fertilizer in alkaline soil, based
on evolution of its pH, salinity and polyphenol content.

Study Design: Randomized complete block design with three replications where the
variable factor was amount of OMW.

Place and Duration of Study: The trial was carried in an open glass greenhouse in the
Regional Agricultural Research Center of Meknes - Morocco, between February and
March 2012.

Methodology: Four amounts of OMW (50, 75, 100 and 150 m3/ha) were tested as
organic fertilizer on an alkaline soil in comparison with water treatment based on
measurement of soil pH, electrical conductivity and polyphenol content using fenugreek
as an indicator plant. The Indicators of stress measured on plants were leaf chlorophyll
content, stomatal conductance and leaf temperature.

Results and Discussion: The application of the four amounts of OMW induced a
decrease of soil pH and an increase of its electrical conductivity whereas soil polyphenol
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content following significant regression models. Soil pH and electrical conductivity
changed slightly under all treatments with a maximal values under the treatment 150
m®ha. However, soil polyphenol content increased widely under different treatments of
OIg/IW. The physiological parameters of the fenugreek showed a certain stress under 150
m*/ha.

Conclusion: OMW may be used as organic fertilizer up to 100 m%ha on alkaline soil
without adversely affecting its quality in the arable layer. Beyond this amount, a particular
attention should be paid, to soil polyphenols as far as their phytotoxicity is concerned,
since a high concentration of polyphenols may exert an allelochemical effect.

Keywords: Olive mill wastewaters; alkaline soil; Trigonella foenum-graecum; soil pH,;soil
salinity; soil polyphenol content.

1. INTRODUCTION

The development of olive oil industry imposed environmental challenges residing mainly in
pollution caused by olive mill wastewaters (OMW) that are liquid residues formed by 40 to
50% of vegetable water naturally contained in olives and those added for extracting oil [1]. It
is generally estimated that trituration of 1 kg of olives generates 1 to 1.5 liters of OMW [2],
depending on the extraction system used. The volume of OMW is steadily increasing
because of the extension of olive plantation. In Morocco, for an annual olives production of
700.000 tons on an area of 790.000 ha [3], olive oil industry produces more than 250.000 m?
of OMW [4].

Purification of OMW is an expensive operation and difficult to undertake because of their
high richness in organic matter and minerals [5,6]. In Morocco, because of absence of
effective purification systems, OMW are dumped in nature without any treatment prior, either
directly or across the public sewerage system [7]. This practice poses serious pollution
problems, especially on surface water and groundwater, and adverse effects on soils and
crops [8]. Pollutant power of OMW is limited to three main factors that are: the acidity, the
salinity [9-11] and the phenolic compounds which are phytotoxic by allelochemical effect
[12].

In parallel with attempts to reduce the pollution load of OMW in several countries, particularly
Mediterranean including Morocco, by natural evaporation in the storage basins, several trials
are engaged to identify the economically feasible solutions for their valorization in agriculture
and industry. In agriculture, these trials consist essentially to use OMW as an additive in
animal feed [13] to extract phenolic and aromatic products [14], natural antioxidants and their
use as herbicidal product [15].

The trials regarding use OMW as organic fertilizer, gross or composted, carried out since
1970 in Spain, ltaly and Greece, have shown encouraging results especially for olive, vine,
maize and rice productions without significant negative effects on soil fertility. The retained
amounts vary between 50 and 150 m%ha depending on crops, soil type and climatic
conditions [16,17]. In Morocco, Algeria and Tunisia, the transfer of this technology has been
started recently, especially on olive, vine, tomato and date palm. Results of these trials were
similar to those found in the northern countries of the Mediterranean and portend the
possibility of using OMW as fertilizer with condition to not exceed a certain amount.
However, the decision-making of this technique still confronted to some adverse effects
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reported by other authors, especially related to the acidity, salinity and polyphenol content
[18,19]. It is within this mind that the present experiment has been carried to identify the
temporal evolution of the main factors that could adversely affect soil quality and fertility due
to OMW, that are salinity, acidity and polyphenol content by taking fenugreek as an indicator
plant.

2. MATERIALS AND METHODS
2.1 Olive Mill Wastewaters Used

OMW used were taken approximately after one month of their production (end of January)
from an accumulation basin of a modern oil mill in Meknes region, in the North of Morocco,
which does not add salt in extraction process. The chemical characteristics of OMW are
presented in Table 1, showing that the used OMW are characterized by an acid pH, a high
electrical conductivity (EC) and a high organic matter content, expressed by values of
biological and chemical oxygen demand.

Furthermore, it is noted that the used OMW far exceed specific limits established by
Moroccan Secretariat of the Environment regarding pH, electrical conductivity, biological
oxygen demand (BOD) and polyphenol content.

Table 1. Chemical characteristics of OMW used

Parameters Values
pH 4.56
EC (mS.cm™ at 20°C) 6.8
Total phenolic compounds (g I'") 3.6
Chemical oxygen demand COD (g I'") 78
Biological oxygen demand at 5 days BODs (g I'") 491
Solid matter in suspension (mg I'1) 710

2.2 Soil Type and Indicator Plant

The soil used is of calci-magnesic type which is the dominant type in Meknes region [20].
The samples of soil were taken from a field previously cultivated by wheat. The soil is silty
clay, moderately rich in organic matter, with an average of 1.40% in the top soil surface layer
(0-30 cm). The soil pH is basic (7.98) and moderately saline with an average of electrical
conductivity around 1.04 mS/cm.

The indicator plant used was fenugreek (Trigonella foenum-graecum) cultivated largely in
association with olive trees in several olive-growing regions of Morocco [21]. This herb has
been chosen for its sensitivity to salt stress especially during the vegetative growth phases
[22,23].

2.3 Treatments, Experimental Design and Measurements

The trial was carried between February and March 2012 in 10 liters pots (30 cm height and
21 cm diameter) placed into an open glass greenhouse in the Regional Agricultural
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Research Center of Meknes located in the Sais plain, in North center of Morocco (33° 56’ E,
5° 13" N; 500 m).

The pots were filled with the same amount of soil, homogenized prior, on which fenugreek
seeds were sown at the rate of five per pot. After sowing, different amounts of OMW were
applied on pots uniformly. However, in order to apply the same irrigation, amounts of water
were added to OMW (Table 2). During the two months of the experiment, the pots were
weekly irrigated at maximal evapotranspiration, with an average of 7 mm/week.

Table 2. Amounts of OMW tested as a fertilizer of fenugreek

Treatments OMW (ml pot™) Water added (ml pot™) Equivalent of OMW
per hectare (m® ha™)

TO 0 675 0

T1 225 450 50

T2 340 335 75

T3 450 225 100

T4 675 0 150

The experimental design was a randomized complete block, with three replications. Each of
the three block consisted of five pots, each of which corresponds to an OMW treatment.
Measurements consisted at weekly follow of pH, electrical conductivity and polyphenol
content on soil and of physiological indicators of stress on fenugreek crop, that are
chlorophyll content, stomatal conductance and leaf temperature.

Soil analysis was realized on samples taken by a plastic tube with 1 cm of diameter and 20
cm of length. Soil pH and electrical conductivity were measured on soil previously dried
under ambient temperature and sieved at 2 mm. Polyphenol content was measured on
lyophilized fine soil by spectrophotometry, following the method of Singleton and Rossi [24].

Chlorophyll content, stomatal conductance and leaf temperature of fenugreek plants were
measured using a SPAD chlorophyll-meter, a leaf porometer and an infrared thermometer.
The measurements were realized in the morning at 11h on the second and the third leaves
from shoot apex and averages were taken.

3. RESULTS AND DISCUSSION
3.1 Effect of OMW on Soil pH, Salinity and Polyphenol Content

A high linear correlation was found between values of soil pH and amount of OMW applied
(Fig. 1). This result was also found by other authors but with different significance level
depending on soil type [25]. The linear relationship remained significant even after one
month of OMW application, maintaining the same determination coefficient. However, the
decrease of soil pH, influenced by the OMW, was attenuated after this period because fort
probably of soil elasticity effect. This is related to presence of calcium bicarbonate in alkaline
soils, which reacts with carbon dioxide and water in the soil to produce bicarbonate (HCOS')'
which is able to take the ions H;0" and AI**, thereby raising the soil pH [26,27].

Practically, decrease of soil pH, observed under all treatments, is not able to adversely affect
plants growth, especially in alkaline soils as the case of the tested soil type. Indeed, the
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higher dose of OMW (150 m3/ha) decreased soil pH just by 0.29 points which has reduced to
0.17 points (Table 3) after one month because of soil elasticity and drainage of ions H;0" to
deeper layers. The extrapolations of this result on neutral soils (pH 7) that are prevalent in
Morocco suggests the possibility of application of OMW on this soil type until an amount of
150 m*ha without make it acid. The slight acidification of this soil type may greatly favors
plant nutrients availability. In fact, the majority of macronutrients and micronutrients (N, P, K,
Ca, Mg, S, B, Cu, Fe, Mn, Ni, and Zn) are most available within a pH range of 6 to 7. Outside
of these optimal ranges, nutrients are available to plants at lesser amounts [28].
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Fig. 1. Relationship between soil pH and amount of OMW applied

As for the soil salinity, it shown that all amounts tested of OMW induced a slight increase of
soil electrical conductivity (EC), but with significant levels even after one month of their
application (Table 3). Indeed, the amounts 50, 75 and 100 m */ha of OMW increased
respectively soil EC by 1.5%, 2 5% and 3.2% compared to the control treatment without
OMW application. Under 150 m*ha of OMW, soil EC was increased by 50 pyS/cm which is
equivalent to 5%. This last result is in disagreement with those of Levi-Minzi et al. [29] who
found that the increase of the son EC does not exceed 3.5% even with application of high
amounts of OMW up to 300 m */ha. By agamst Hanifi and El Hadrami [30] found that soil EC
did not change after application of 150 m */ha of OMW over three consecutive years. The
contrary results may be related to drainage capacity of the soil type used which was sandy in
the last trial. In fact, more soil texture is sandy more the mineral salts are drained to the
deeper layers, thereby decreasing the soil EC in the arable layer [31].

Variation of soil EC was significantly correlated in polynomial relationship with the amount
applied of OMW (Fig. 2). The relationship indicates that the amount of OMW required for
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increase soil EC by 0.1 mS/cm is about 260 m®ha, which is equivalent to 10400 m3/ha to
increase it to 4 mS/cm which constitute the limit value beyond which the soil is considered
saline [32,33]. However, these OMW effects concern only the soil arable layer (0-30 cm) and
remain to study their impact on mineral salts accumulation in deeper layers.

Table 3. Weekly evolution of soil pH, electrical conductivity and polyphenol content
under different amounts of OMW

Week Control 50 m*ha’ 75m®ha’ 100 m®ha’™ 150 m® ha’

Soil pH 1 7.98 7.94 7.80 7.77 7.69
2 8.00 7.97 7.82 7.80 7.74
3 8.02 7.98 7.86 7.84 7.79
4 8.03 8.00 7.92 7.90 7.86
Soil EC (mS.cm'1) 1 1.04 1.06 1.07 1.07 1.09
2 1.04 1.05 1.06 1.07 1.09
3 1.04 1.04 1.05 1.06 1.09
4 1.04 1.04 1.05 1.06 1.08
Soil polyphenol 1 0,17 0,20 0,24 0,35 0,52
content (mg.gDW'1) 2 0,12 0,19 0,21 0,27 0,42
3 0,07 0,12 0,15 0,17 0,35
4 0,02 0,05 0,08 0,10 0,17
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Fig. 2. Relationship between soil electrical conductivity and amount of OMW applied

Soil polyphenol content (PC) was amply increased under effect of OMW. After one week of
application, the initial soil PC (0.175 mg/gDW) doubled under the treatment 100 m%ha to
reach three fold value under 150 m%ha (Table 3). The moderate treatments 50 and 75 m°ha
increased soil PC, respectively by 17 and 40%. The relationship between the soil PC and the
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amount of OMW was significant following a polynomial equation (Fig. 3) which indicates that
application of 1m */ha of OMW increased soil PC by an average of 1.40 ug/gDW.
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Fig. 3. Relationship between soil polyphenol content and amount of OMW applied

However, after one month of OMW application, soil PC decreased under all treatments by an
average of 72%. This decrease was due to their deep infiltration and biodegradation in the
soil. In fact, the phenolic compounds of OMW may be degraded by microorganisms [34,35]
or by microbial enzymes [36,37]. However, the duration necessary for their complete
degradation may be considerable. Indeed, Hanifi and EI Hadrami [30] found that soil PC was
undetectable in soil surface layer after three years of application of 150 m%ha of OMW.

3.2 Effect of OMW on Physiological Behavior of Fenugreek

The physiological response of fenugreek, taken as indicator plant, varied depending to the
amounts applied of OMW based on weekly evolution of chlorophyll content index, stomatal
conductance and leaf temperature values (Fig. 4).

As for chlorophyll an improvement of its concentration was observed under the treatments
50 and 75 m%ha especially from the third week of OMW application and from the fourth
week under the treatment 100 m*ha. This positive effect was more related to nitrogen and
organic acids content of OMW. However, the treatment 150 m */ha induced a spectacular
decrease of chlorophyll content more pronounced from the second week of its application.
This depressive effect was more related to the allelochemlcal effect of polyphenols whose
concentration in the soil tripled under treatment 150 m®/ha to reach 0.52 mg/g. Secondary,
this effect may be also due to the soil salinity which was relatively elevated under this
treatment compared to the control treatment. This is in agreement with the findings of Tewari
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and Singh [38] and Sivtsev [39] who observed that a slight increase of soil salinity induced a
significant decrease of chlorophyll content in tomato and lentil.
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Fig. 4. Evolution of some physiological parameters of fenugreek fertilized by different

amounts of OMW
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The effect of treatment 150 m*ha on chlorophyll content of fenugreek was also explained by
an induction of water stress by raising soil polyphenol content and soil salinity. Water stress
may reduce chlorophyll content by decreasing assimilation and translocation of nitrogen [40].
Indeed, water deficit induced a nitrogen deficit which comes mainly from reductions in
nitrogen flow at the roots, and secondarily from capacity reductions of root absorption and
reduction of transport between leaves and roots due to transpiration feebleness [41]. This
explanation was based on values of stomatal conductance and leaf temperature which
indicate that fenugreek was submitted to water stress under the treatment 150 m°/ha.

Indeed, under treatment 150m®ha, transpiration flow of the fenugreek was reduced from the
first week of OMW application, marked by a significant decrease of stomatal conductance
and an increase of leaf temperature. The changes of these physiological parameters are
explained by the fact that the transpiration mitigation induces stomata closure and a
decrease of their density, thereby decreasing the stomatal conductance. Consequently, it
reduces the layer of steam water on leaf surface and makes accordingly leaf temperature
more controlled by air temperature changes. However, fenugreek water status improved
under the three treatments 50, 75 and 100 m*/ha based on stomatal conductance and leaf
temperature values. The positive effect of these treatments on fenugreek water status
comes in large part from nitrogen and organic acids contained in OMW that increase rate of
CO, assimilation, thereby improving the stomata functioning [42,43].

4. CONCLUSION

Soil application of OMW as an organic fertilizer of fenugreek has differently influences the
alkaline soil quality and physiological behavior of fenugreek depending on the amounts
applied. The amounts 50, 75 and 100 m%ha of OMW induced slight changes of soil quality
without significant effect on the physiological behavior of fenugreek accordingly to values of
chlorophyll content, stomatal conductance and leaf temperature. By against, application of
150 m°ha seemed detrimental to soil quality by increasing significantly soil electrical
conductivity and amply soil polyphenol content that are phytotoxic by allelochemical effect.
These changes in soil quality induced water stress, detected through measurement of
stomatal conductance and leaf temperature on fenugreek, as well as nutritional stress
revealed through measurement of leaf chlorophyll content.
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